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Welcome to  
PetroPhase 2022

Dear participants, expositors, and sponsors of PetroPhase 2022,

Since its start in 1999, the PetroPhase conference has been devoted to the deep study 
of all-around oils, spanning from the upstream to the downstream, and it has also been the 
incubator of very important fields such as Petroleomics. As Colombian petroleum scientists, we 
consider the PetroPhase the most important conference to discuss, debate, explain, understand, 
and resolve all the interesting phenomena we observe in our daily duties in the academia and 
industry regarding the crude oil and its fractions. In addition, the networking that this conference 
has been offering us throughout the last 22 years has made possible to strengthen relationships, 
open new paths and jointly advance towards a greater knowledge. Therefore, we would like to 
thank the council and the people whose work and effort allowed us to host the conference in 
Colombia. On behalf of the Organizing Committee & Ecopetrol S.A., we are pleased to announce 
the 22nd International Conference on Petroleum Phase Behavior & Fouling (PetroPhase 2022) 
that will be held from June 12 to 16, 2022 in Bucaramanga, Colombia. 

After many years, the PetroPhase conference is back in Latin America. Bucaramanga opens 
the doors to all of you! The city is located in the northeast of Colombia and it is the capital of 
Santander, a region which is known for being the largest cacao producer in the country and for 
having positioned its different varieties in the world’s elite of chocolate. We also have one of 
the top-100 natural wonders of the world, the Chicamocha Canyon as well as the natural park 
“Páramo de Santurbán” which is the water reservoir that gives us clean and pure water from the 
Andean Forest. Moreover, Santander hosts the oldest refinery in Colombia, the Barrancabermeja 
Refinery (Ecopetrol S.A.), with 100 years of history. Ecopetrol S.A. has also had a historical impact 
in our region; here is where the Colombian Petroleum Institute is located.

We would like to extend a warm welcome to the PetroPhase 2022 conference!

The Organizing Committee
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Previous Conferences

21th – 2021, First virtual meeting (New Jersey, USA)
2020, Missed due to Covid-19
20th – 2019, Kanazawa (Japan)
19th – 2018, Park City (USA)
18th – 2017, Le Havre (France)
17th – 2016, Elsinore (Denmark)
16th – 2015, Riviera Maya (México)
15th – 2014, Galveston, Texas (USA)
14th – 2013, Rueil-Malmaison (France)
13th – 2012, St Petersburg, Florida (USA)
12th – 2011, London (United Kingdom)
11th – 2010, Jersey City, New Jersey (USA)
10th – 2009, Rio de Janeiro, (Brazil)
9th – 2008, Victoria, British Colombia (Canada)
8th – 2007, Pau (France)
7th – 2006, Asheville, North Carolina (USA)
6th – 2005, Amsterdam (The Netherlands)
5th – 2004, Banff, Alberta (Canada)
4th – 2003, Trondheim, (Norway)
3rd – 2002, New Orleans, Louisiana (USA)
2nd – 2000, Copenhagen, (Denmark)
1st – 1999, Houston, Texas (USA)
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Bucaramanga, Colombia

The city of Bucaramanga is the largest city of the region of Santander in Colombia and it is 
located in the northeast of the country. Bucaramanga is known as “La Ciudad de los Parques” 
or “La Ciudad Bonita” which translates to “The City of the Parks” or “The Pretty City” due to its 
significant number of natural parks and green spaces that can be found throughout the entire 
city. Nonetheless, Bucaramanga is not only famous because of these sites but also because 
of its citizens who are often seen as hard-working people whose strength and camaraderie 
is represented by “La Hormiga Culona”. La Hormiga Culona is a regional big ant that is widely 
recognized in the country as a symbol of hard work due to it being one of the biggest and 
strongest types of ants. These ants are also harvested once a year by the people in the 
region of Santander and it has become a traditional food among its habitants. This unusual 
food has caught the attention of many foreign visitors who seek to try this exquisite delicacy. 

On another note, Bucaramanga has a vast variety of nearby towns and tourist places that 
one can visit. Some of them are: El Santísimo, The Chicamocha Canyon, Panachi, La Mesa de los 
Santos, San Gil, Barichara, among others. All of them have amazing views and activities which 
are great to get in contact with nature and Colombian culture.
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Sponsors and Exhibitors
 

Silver Sponsor
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Bronze Sponsors

Gala Dinner

Exhibitor 

Sponsors and Exhibitors
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Programme
Official Schedule - PetroPhase 2022

Sunday June 12th Monday June 13th Tuesday June 14th
8:00 - 8:30  

Open Lecture
 Pablo Barcena (Corporate Strategy Manager)  

Ecopetrol S.A.

8:00 - 8:40
Keynote Emulsions & Interfacial Phenomena 

(EIP)
Priyanka Juyal (ChampionX)

8:30 - 8:46  
CT&F Ecopetrol S.A. - Journal presentation (Luis 

J. Hoyos)
E&F ACS - Special edition (J. Sebastian Ramírez)

8:40 - 9:02
EIP 2 - Camila Santander

8:46 - 9:26
Keynote Petroleum Properties (PP)
Harvey Yarranton (Univ. Of Calgary)

9:02 - 9:24
EIP 3 - Simon Andersen

9:26 - 9:48
PP1 - Michael Hoepfner

9:24 - 9:46  
EIP 4 - Martina Piccioli

9:48- 10:12
Coffe Break - Networking

9:46 - 10:08  
EIP 5 - Isabelle Viegas 

10:12 - 10:34
PP2 - Iván D Moncayo 

10:08- 10:30  
Coffe Break - Networking

10:34 - 10:56
PP3 - Andrés Piña 

10:30 - 10:52
EIP 6 - Henderson Quintero

10:56  – 11:18
PP 4 - Jean Nöel Jaubert

10:52- 11:32  
Keynote Upgrading & Fouling (UPF)

Pedro Pereira Almao (Univ. Of Calgary)
11:18 - 11:58

Keynote Petroleum & Transition Energy (PTE)
Jeramie J Adams (WRI)

11:32  – 11:54
UPF 2 - Juan David Guzmán

11:58 – 12:20
PTE E - Edgar Castillo (Ecopetrol S.A.)

11:54  – 12:16
UPF 3 - David de Jesús Perez

12:20 - 13:40
Lunch & networking

12:16 - 13:40
Lunch & networking

13:40 – 14:02
PTE 1 - D.C. Palacio 

13:40 - 14:02
EIP 7 - Miguel Rondón

14:02 - 14:24
PTE 2 - Lady Giraldo

14:02 - 14:24  
EIP 8 - Nicolás Cardenas

15:00 - 18:00  
Register & Networking

14:24 - 14:46
PTE 3 - Eddie Sierra

14:24  - 14:46
PTE 4 - Zhen Hou

14:46 - 15:26
Scott Fogler Honor Keynote

Ryan Hartman (NYU)
14:46 - 15:08

PTE 5 - Doris Gonzalez

15:26 - 15:48
PP 5 - Julia Troncoso 

15:08 - 15:30
PTE 6 - Mikhail Varfolomeev 

15:48 - 16:10
Coffe Break - Networking

15:30 - 15:52
Coffee Break - Networking

16:10 - 16:32
PP 6 - Asok Tharanivasan 

15:52 - 16:32
Jefferson Creek Honor Keynote

Doris Gonzalez (Inmenso) & Jianxin Wang (Chevron)
18:00 - 18:20

Welcome speech
Lina Navarro, Chair of PetroPhase 2022

J. Sebastian Ramírez, Chair of the 
technical committee  

16:32 - 16:54
PP 7 - Martín Cismondi

16:32 - 16:54
FA 1 - JD Aristizabal

16:54 - 17:16
EIP 1 - Evgeniya Hristrova

16:54 - 17:16
FA 2 - Plinio Silva

18:20 - 20:00
Opening Gala & Welcome Talk

Ernesto Gutierrez, Ecopetrol S.A.
Chief Technology and Innovation Officer 

17:20 - 19:20  
Poster session I (Odd)

17:20 - 19:20
Poster Session (Even)
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Wednesday June 15th Thursday  June 16th Friday June 17th

8:00 - 8:40
Keynote Conventional & Unconventional 

resources (C&UC)
Yucel Akkutlu (Texas A&M Univ.)

8:00 - 8:40
Keynote Petroleum Chemistry (PC)

Murray Gray (Univ. Of Alberta)
Optional Excursions 

8:40 - 9:02
C&UC - 1 Fernando Rojas

8:40 - 9:02
PC - 2 Jorge Orrego

Day Long Flow Assurance
Course Sponsored by ENNOVA

LLC
Instructors: Abul Jamaluddin

(Stratum Reservoir) & Francisco
“Paco” Vargas (ENNOVA)

(Optional – Limited
Reservations)

9:02 - 9:24
C&UC 2 - Pinaki Ghosh

9:02 - 9:24
PC - 3 Silvia Vesga 

9:24 - 9:46
C&UC 3 - Amir Mahmoudkhani

9:24 - 9:46
PC - 4 - Hugh Jones 

9:46 - 10:08
C&UC 4 - Oscar Medina Erazo

9:46 - 10:08
PC - 5 Andrew Yen

10:08- 10:30
Coffe Break - Networking

10:08- 10:30
Coffe Break - Networking

10:30 - 10:52
C&UC E - Eduardo Manrique (Ecopetrol 

S.A.)
10:30 - 10:52

PC - 6 Matthias Witt 

10:52- 11:32  
Keynote Flow Asssurance (FA)

Francisco "Paco" Vargas (Ennova)
14:46 - 15:08

PC - 7 Khoa Huynh

11:32 - 11:54
FA - 3 Cristiam Cundar

11:16 - 11:38
PC - 8 Igor E. Lins

11:54 – 12:16
FA - 4 Carlos Lira-Galeana

11:38 – 12:00
PC - 9 Quan Shi 

12:16 - 13:40 pm
Lunch & networking

12:00 – 12:22
PC - 10 Linzhou Zhang

13:40 – 14:02
FA - 5 George Savulescu 

Optional Excursions

Day Long Flow Assurance
Course Sponsored by ENNOVA

LLC
Instructors: Abul Jamaluddin

(Stratum Reservoir) & Francisco
“Paco” Vargas (ENNOVA)

(Optional – Limited
Reservations)

14:02 - 14:24
FA - 6 Jens Pffeifer

14:24 - 14:46
C&UC - 5 Karen Feilberg

14:46  - 15:08
PC - 1 Nathaniel T. T. Souza

15:10 - 16:00   
Travel to Gala Dinner

Gala Dinner
16:30 - 22:00

Programme
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Petroleum Chemistry Session 
Schedule 

Code Speaker Country Affiliation Title 

PC-K Murray R Gray Canada University of 
Alberta

Thermal Processing Affects Asphaltene 
Properties Central for Carbon Fiber 

Production

PC-1 Nathaniel T. T. 
Souza France UPPA/Total 

Energies
Comparison of direct and indirect 

analysis of crude oil molecules 
adsorbed onto carbonate rock surface

PC-2 Jorge A. Orrego Colombia Ecopetrol S.A. 
Characterization of Acidic Species in 

Asphaltenic Fractions by FT-ICR-MS and 
infrared spectroscopy

PC-3 Silvia J. Vesga Germany Univeristy of 
Rostock 

Thermo-optical carbon analyzer coupled 
to high-resolution mass spectrometry – 
A novel analytical approach addressing 
coking behavior and molecular moieties 

of Asphaltenes

PC-4 Hugh Jones United 
Kingdom

University of 
Warwick 

Two-Dimensional Mass Spectrometry for 
the Analysis of Complex Mixtures

PC-5 Andrew Yen USA Baker Hughes Analysis of Asphaltene Field Deposits 
from Offshore Assets

PC-6 Matthias Witt Germany Chevron - Bruker 
Daltoniks 

Effect of precipitation time on deposit 
characteristics on crude oil blending

PC-7 Khoa Huynh Denmark
Technical 

University of 
Denmark

Profiling of carboxylic acids in 
North Sea crude oils by halogenated 

secondary amine labeling and LC-HRMS

PC-8 Igor Emanuel Lins Brasil Universidade 
Federal da Bahia

A comprehensive study of 
physicochemical and geochemical 
effects on CO2LSWAG injection in 

carbonates using numerical simulation 
with SO42- and Mg2+ as interpolants of 

relative permeability curves

PC-9 Quan Shi China China University 
of Petroleum 

Molecular Characterization of 
Hydrocarbons in Heavy Petroleum 

Fractions by Chemical Derivatization 
Followed by Electrospray Ionization 
High-resolution Mass Spectrometry

PC-10 Linzhou Zhang China China University 
of Petroleum 

Gasoline molecular-level blending 
model

Session Chairs: J. Sebastian Ramírez & Jorge Orrego Ruiz 

Programme
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Petroleum Properties Session 
Schedule 

Code Speaker Country Affiliation Title 

PP-K Harvey Yarranton Canada University of 
Calgary Simple Methods for Heavy Oil Properties

PP-1 Michael Hoepfner USA University of 
Utah

Probing Asphaltene Phase 
Transitions with Ultra-Small-Angle 

Scattering: Mechanistic and Inhibition 
Investigations

PP-2 Iván Moncayo Colombia
Meridian 

Consulting - 
Ecopetrol S.A. 

Predictive Cubic-Plus-Association 
(CPA) Equation of State (EoS) from 
Petroleomics Characterization and 
Molecular Dynamics Simulations: A 

Case of Study of Organics Precipitation 
in a Live Crude Oil

PP-3 Andrés Piña France Université de 
Lorraine

Towards a highly accurate cubic 
equation of state: the translated-

consistent Peng-Robinson (tc-PR) EoS 
and its extension to mixtures

PP-4 Jean Nöel Jaubert France Université de 
Lorraine

Evaluating the performance of well-
established cubic and SAFT-type 

equations of state over thousands of 
experimental data points

PP-5 Julia Trancoso Denmark
Technical 

University of 
Denmark

Vapor-Liquid Equilibrium Measurements 
and Cubic Plus Association (CPA) 

Modeling of Triethylene Glycol (1) + 
Methane/Ethane (2) + Water (3) Systems

PP-6 Asok Tharanivasan Canada
KBC Advanced 
Technologies 
(A Yokogawa 

Company)

Asphaltene Stability Modeling and 
Prediction in Crude Oil Blends

PP-7 Martin Cismondi Argentina
Universidad 
Nacional de 

Córdoba

Phase Envelopes for reservoir fluids 
with Asphaltene onset lines: Exploring 

topology transitions based on 
compositional changes

SF-K Ryan L Hartman USA New York 
University Scott Fogler honor lecture

Session Chairs: Ryan Hartman & Michael Hoepfner

Programme
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Emulsions & Interfacial Phenomena Session 
Schedule 

Code Speaker Country Affiliation Title 

EIP-K Priyanka Juyal USA ChampionX Separations Management in the 
Changing Face of the Industry

EIP-1 Evgeniya Hristrova Canada
Natural 

Resources 
Canada

Coalescence Inhibition and 
Agglomeration Initiation in the 

Paraffinic-Naphthenic Froth Treatment 
Transition Region 

EIP-2 Camila Santander Canada University of 
Alberta

Understand the effects of tuning 
water chemistry (temperature, pH, and 

salinity) in water assisted settling of fine 
solids

EIP-3 Simon I. Andersen Denmark DTU Offshore Synergistic Effects of Oil Field 
Chemicals in Produced Water Treatment

EIP-4 Martina Piccioli Norway
Norwegian 

University of 
Science and 
Technology

Gas flotation for subsea produced water 
treatment: combining macro- and micro-

scale experiments

EIP-5 Isabelle Viegas Denmark 
Technical 

Univeristy of 
Denmark

Investigation on oil-in-water/isopropanol 
emulsions using fluorescence 

spectroscopy and screening analysis

EIP-6 Henderson 
Quintero Colombia Ecopetrol S.A. 

Effect of Residual Polymeric Additives 
on the Rheological and Colloidal 

Properties of Water-in-Oil Emulsions 

EIP-7 Miguel Rondón Venezuela Universidad de 
los Andes Mérida

Asphaltenes aggregation influence on 
the optimum formulation to break water-

in-crude oil emulsions: Experimental 
evidence from a Quartz Crystal 

Resonator sensor and an Oscillating 
Spinning Drop Interfacial Rheometer

EIP-8 Nicolás Cardenas Colombia
Universidad 
Industrial de 
Santander

Evaluation of graphene oxide–metal 
oxide nanocomposites as additives in a 

drill-in fluid

Session Chairs: Fernando Rojas & Simon Andersen

Programme
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Conventional & Unconventional Resources Session 
Schedule 

Code Speaker Country Affiliation Title 

C&UC-K Ibrahim Yucel 
Akkutlu USA Texas A&M 

University
Carbon Sequestration and EOR in 

Organic-rich Source Rocks

C&UC-E Eduardo Manrique Colombia Ecopetrol S.A.
Evaluation of CO2 EOR and Storage 

Opportunities from Industrial Sources and 
Thermal EOR Projects

C&UC-1 Fernando A. Rojas Colombia Ecopetrol S.A.

Dissolved Organic Matter (DOM) as 
Natural Tracer on Preformed Foams Steam 

Injection Processes in a Mature Heavy 
Oil Field: Electrospray Ionization--Tandem 

Mass Spectrometry Approach

C&UC-2 Pinaki Gosh USA SNF Holding 
Company

Re-injection Of Produced Polymer in EOR 
Projects To Improve Economics

C&UC-3 Amir 
Mahmoudkhani USA

Locus 
Fermentation 

Solutions

Cyclic vs Normal Paraffin Wax Retention 
on Formation Rocks

and a Method for Damage Remediation 
Using Biosurfactants

C&UC-4 Oscar Medina 
Erazo Colombia

Universidad 
Nacional de 
Colombia

Kinetic Oxidation Insights of Heavy Crude 
Oil at High-Pressure High-Temperature 

Conditions to Enhance the Efficiency of In-
Situ Combustion Processes

C&UC-5 Karen Feilberg Denmark
Technical 

University of 
Denmark

Changes in surface chemistry and 
wetting state during aging and flooding of 
carbonate rock studied by SEM-EDS and 

AFM-IR 

Session Chairs: Raul Osorio & Eduardo Manrique

ProgrammeProgramme
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Upgrading & Fouling Session 
Schedule 

Code Speaker Country Affiliation Title 

UPF-K Pedro Pereira 
Almao Canada University of 

Calgary
Sustainable and Versatile Upgrading of 

Heavy Oils from Any Origin

UPF-1 Juan David 
Guzmán Colombia

Universidad 
Nacional de 
Colombia

Nanoparticles enhanced solvent 
deasphalting (e-SDA) and catalytic 

cracking oxidation of pitch

UPF-2 David de Jesús 
Perez Colombia Ecopetrol S.A. Sustainable and Versatile Upgrading of 

Heavy Oils from Any Origin

Session Chairs: Lina Navarro

Programme
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Programme

Petroleum & Energy TransitionSession 
Schedule 

Code Speaker Country Affiliation Title 

PTE-K Jeramie J. Adams USA
Western 

Research 
Institute

Transitions in Energy Keynote: From 
Fuels to Materials, New Role for 

Asphaltenes?

PTE-E Edgar Castillo Colombia Ecopetrol S.A. Hydrogen as energy vector in the Oil&Gas 
industry

PTE-1 Diana Catalina 
Palacio UK University of 

Warwick
Unlocking the potential of biofuels via 

reaction pathways in van Krevelen 
diagrams

PTE-2 Lady Giraldo Colombia
Universidad 
Nacional de 
Colombia

Development of Silica Nanoparticles 
Biomass-Derived for Enhanced Carbon 

Capture and Storage Process (e-CCS) for 
Flue Gas Streams in Shallow Reservoirs

PTE-3 Eddie Sierra Colombia AVEVA Shaping the Future with Sustainable 
Process Design and Operation

PTE-5 Zhen Hou USA Aspen 
Technology Inc

Modeling Petroleum and Bio-feedstock 
Conversions for Sustainable Refinery via 

Aspen HYSYS Molecule-Based Petroleum 
Refining

PTE-6 Mikhail 
Varfolomeev Russia Kazan Federal 

University

Synthesis and Study of Promising Hydrate 
Formation Promoters Based on Fatty 

Alcohol Sulphosuccinates for Gas Storage 
and Transportation Technologies

Session Chairs: J. Sebastian Ramírez & Rodrigo Torres



23

Programme

Flow Assurance Session
Schedule 

Code Speaker Country Affiliation Title 

FA-K Francisco "Paco" 
Vargas USA ENNOVA

Fifteen Years Into the Quest of 
Successfully Managing Asphaltene 

Deposition Problems

FA-1 Juan David 
Aristizabal Colombia Ecopetrol S.A. 

Viscosity prediction of Extra Heavy and 
Heavy Live Oils: A comparative study of 

three compositional models

FA-2 Plinio Silva Brasil Petrobras
Rheological mapping of emulsion 

properties using Machine Learning 
Tools

FA-3 Cristiam Cundar Colombia Ecopetrol S.A.
A Machine Learning Model for 

Predicting Asphaltene Damage Risk 
from ASCI and Live Crude Oil Densities 

at Reservoir Conditions

FA-4 Carlos Lira Mexico 
Instituto 

Mexicano del 
Petróleo

Compositional Grading with Equations 
of State.  Plus fraction segregation 

and tar-mat formation in hydrocarbon 
reservoirs

FA-5 George Savulescu Norway
Norwegian 

University of 
Sciences and 
Technology 

Novel NMR techniques to assess the 
wax precipitation evolution in crude oil 

systems

FA-6 Jens Pfeiffer Germany
PSL 

Systemtechnik 
GmbH

Design implementation and optimization 
of paraffin mitigation strategies-the 

importance of understanding the 
limitations of physical property and 
compositional data: wax deposition 

in the presence of inhibitors and pour 
point depressants

JC-K Doris Gonzalez & 
Jianxin Wang USA INMENSO & 

Chevron Jefferson Creek honor lecture 

Session Chairs: Carlos Lira-Galeana & Francisco “Paco” Vargas
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PC-K

Thermal Processing Affects Asphaltene Properties Central for 
Carbon Fiber Production 

Murray R Gray*1,2, Martha L. Chacón-Patiño3, Anika Neumann4,5, Christopher Rüger4,5, and Paolo 
Bomben†1

1 Alberta Innovates, Suite 2540, 801 6th Avenue SW, Calgary, AB T2P 3W2, Canada
2 Department of Chemical and Materials Engineering, University of Alberta, Edmonton, T6G 1H9, 

Canada
3 Ion Cyclotron Resonance Program, National High Magnetic Field Laboratory, Florida State 

University, Tallahassee, Florida 32310, United States
4 Joint Mass Spectrometry Centre/Chair of Analytical Chemistry, University of Rostock, 18059 

Rostock, Germany.
5 Department Life, Light & Matter (LLM), University of Rostock, 18051 Rostock, Germany

Abstract

Carbon fibers are materials of paramount importance for composites applied in fields 
such as aerospace engineering, medicine, and renewable energy. Currently, production 
of carbon fibers is mainly based on polyacrylonitrile, which incurs significant greenhouse 
gas emissions and high production costs. Therefore, carbon fiber manufacturing 
from residue/high-boiling-point petroleum fractions, usually considered as low-value 
feedstocks, could help adding value to extra-heavy fossil fuels and cut down carbon-
fiber precursor cost by ~90%. However, the task is not simple, as it requires revisiting 
the methods for melt-spinning (“green” fibers production), stabilization of the produced 
fibers (oxygen incorporation and formation of O-containing cross links between carbon 
moieties), and carbonization. Interestingly, recent works indicate that some asphaltene-
rich samples present rheological properties that make them optimal for melt-spinning 
and carbon fiber production, whereas in other cases, the spun asphaltene-feedstocks 
are unsuitable for stabilization/carbonization. In this work, we apply thermal cracking to 
asphaltene-enriched samples in order to tweak the properties that make good carbon 
fibers. Thermally-cracked samples are comprehensively studied by separations based 
on solubility and extrography (structural motifs) and subsequently characterized by 
positive-ion APPI 21 tesla FT-ICR MS, gas-phase fragmentation (i.e., CID and IRMPD). 
Moreover, thermogravimetric analysis coupled to mass spectrometry (APPI-HRMS and 
EI-QMS) was used to study various samples along the proposed production workflow as 
well as to mimic the pyrolytic conditions of the fiber generation. The results demonstrate 
that upon thermal cracking, asphaltene-rich feedstocks produce a mixture with diverse 
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solubility (i.e., maltenes, asphaltenes, and toluene-insoluble material). The molecular 
composition of remnant asphaltenes suggests that thermal treatment dramatically 
reduces molecular polydispersity in terms of number of detected heteroatom classes, 
alkyl-chain content (Figure 1), and structural motifs, as the treated samples reveal higher 
abundance of alkyl-depleted molecules with island structure. Thermal analysis HRMS 
of the untreated and thermally-cracked samples acted as validating approach to the 
direct infusion experiments. Furthermore, laboratory-scale mimicking of the production 
process by thermogravimetry enabled us to trace the complex evolved molecular pattern 
at pyrolytic conditions and the release of small gases at high-temperature carbonization. 
This process information will help to deeper understand and optimize fiber generation in 
the future. Further measurements of rheological properties enable correlations between 
structural features (island vs. archipelago content, alkyl chain length, heteroatom content) 
and suitability for carbon fiber production. 
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PC-1

Comparison of Direct and Indirect Analysis of Crude Oil Molecules 
Adsorbed onto Carbonate Rock Surface by LDI FT-ICR MS

Nathaniel T. T. Souza*1,2,3,4, Leticia Ligiero1,4, Valérie Molinier1, Pierre Giusti3,4,5, Nicolas Agenet6, 
Matthieu Loriau6, Marie Hubert-Roux3,4, Carlos Afonso3,4 and Ryan Rodgers†2,4,7

1Pôle d’Etudes et de Recherche de Lacq (PERL), Pôle Economique 2, TotalEnergies, BP 47, 
64170 Lacq, France

2Université de Pau et des Pays de l’Adour, IPREM UMR 5254, Hélioparc, 64053 Pau, France
3Normandie Université, COBRA UMR 6014 et FR 3038, Université de Rouen, INSA de Rouen, 
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Abstract

Smart Water Injection Method (SWIM) represents a low-cost and more eco-friendly 
way to increase oil production from a reservoir. SWIM is the injection of low salinity 
water or water with a controlled salt composition into the oil reservoir. Currently, several 
mechanisms are proposed to explain the relationship between smart waterflooding 
and the increase in oil production. However, no consensus exists, particularly in the 
understanding of crude oil-brine-rock interactions. Detailed molecular characterization 
of samples obtained from smart waterflooding experiments should provide a better 
comprehension of these underlying mechanisms. A protocol for the direct analysis of 
both liquid and solid samples is presented in this work.

Fourier-transform ion cyclotron resonance mass spectrometry (FT-ICR MS) is a 
powerful analytical tool extensively used in the analysis of crude oil. In this work, a 12T 
FT-ICR equipped with a laser desorption ionization (LDI) source was used to analyze 
crude oil and rock powder samples previously put in contact with crude oil. Comparison 
between the direct analysis of solid samples and the analysis of solvent extracted material 
from these samples was also performed. A DCM/MeOH 50:50 (v:v) mixture was used in 
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the solvent extraction process. In LDI (+) FT-ICR analysis, it was observed that optimum 
ionization conditions were sample dependent; solid samples required higher laser power. 
Strong adsorption between crude oil molecules and the rock surface may explain the 
higher laser power needed for optimal desorption/ionization. It was also observed that 
the increase in laser power required for the analysis of the solid samples increased the 
formation of protonated molecules ([M+H]+), when compared to radical ions (M+●).

Direct (rock powder) and indirect (powder extracts) analyses of solid samples differ in 
relative abundances of chemical classes. A depletion of N1 class species is observed in 
the direct analysis of rock powder, suggesting that some of these N1 molecules might not 
be desorbed by the laser. However, the DBE vs C# plots of both rock powder and powder 
extracts are nearly identical to crude oil plot.

No signal was obtained from the direct analysis of solid samples in negative mode. As 
a result, only crude oil and powder extracts samples were analyzed in LDI (−). The data 
reveal that the rock powder extract is enriched in acidic N1, O2, O3 and O4 species.
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Abstract

Asphaltenes, in addition to being distinguished by their high aromaticity, are also known 
for their acid-base properties. The acid character varies according to the origin of the 
asphaltenes [1] and is related to the presence of carboxylic acids or phenols, carbazoles 
and indoles. The basic character, on the other hand, can be attributed to the presence 
of amines, amides, and other nitrogen-containing compounds. This could imply that, due 
to the presence of such a variety of functional groups, asphaltenes can associate with 
each other, not only through π-π stacking interactions [2]. Progressing in the detailed 
compositional characterization of the polar compounds comprising the n-heptane 
insoluble fraction (asphaltenes) is still a necessary task towards the understanding of 
the asphaltenes aggregation phenomena, and its relationship with crude oil properties 
such as interfacial tension and viscosity. In the present work, the naphthenic acids of 
the insoluble fractions of five Colombian crude oils were characterized. The n-heptane 
insoluble fraction was subjected to an exhaustive washing process affording four 
subfractions named as 48h occluded, 72h occluded, 96h occluded, which correspond 
to the heptane soluble fractions that were recovered after each indicated time, and 
asphaltenes 96h which corresponds to the remaining heptane insoluble compounds 
after a 96 hours washing. The samples were chosen so that they had a wide range of 
asphaltene content that varied from 3.0% to 19.2%. The acid fraction was obtained from 
each sample by solid phase extraction using amino-propyl-silica (APS) as adsorbent 
material. The most relevant results are that: 

1. Although the maltenes concentrate a good part of the acid fraction, such fraction is 
not representative of the crude. 

2. The acidity was concentrated in the occluded 72h and 96h, which showed higher 
TAN values��than the other fractions, including the starting crudes. In addition, this 
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indicates that a good part of the acidity attributed to the ASTM D6560-12 asphaltenes 
corresponds to fractions soluble in heptane (72h and 96h occluded). 

3. Each of the fractions that were characterized by infrared (IR) and mass spectrometry 
(-ESI FT-ICR-MS) showed a unique composition. In particular, the acids of the 48h 
occluded grouped compounds of higher polarity (O3 class), when compared to those 
detected in the maltene fraction, which can be associated to the capability to interact 
both by hydrogen bonds and by dipolar forces. 

4. On the other hand, the aromaticity of the acid fractions in the occluded and asphaltenes 
was high in some cases, which may have implications on the chemical nature and/
or effectiveness of the treatments to be used for the inhibition of asphaltenes. A 
higher aromaticity of the naphthenic acids present in the occluded fractions can be 
an indicator of relatively lower acidity constants for such acid species (higher acidity). 

5. It was not possible to establish a correlation between the aromaticity of the acid fractions 
detected by IR and what was observed via FT-ICR MS. By IR, highly aromatic acids 
were detected in the occluded fractions, while in some samples it was not possible 
to detect this type of compound by FTMS. This inconsistency can be attributed to 
the relatively low ionization efficiency of highly aromatic acids in (-) ESI mode, which 
depends on their acidity (pKa) and even on the architecture of their molecules (island/
archipelago ratio, peri- or cata-condensation, etc.) 

Figure 1 shows Contour plots and IR signals (1800-1500 cm-1) for acidic compounds 
in asphalthenic fractions of a Colombian Oil.

Figure 1. Contour plots and IR signals (1800-1500 cm-1) for acid compounds in 
asphaltenic fractions of a Colombian Oil.
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Abstract

 Asphaltenes are recognized as one of the most complex organic mixtures known to 
humankind. Despite the advances in the in-depth chemical characterization of Asphaltenes, 
analytical techniques allowing insights into the molecular architecture are limited. Herein, 
we present the combination of a thermo-optical carbon analyzer (TOCA) and high-
resolution mass spectrometry (HRMS). TOCA, a common concept in particulate matter 
environmental analysis (1), is an evolved gas analysis approach capable of quantifying 
the temperature-resolved release of organic carbon (OC) and elemental carbon (EC) in 
an inert and/or oxidative atmosphere (Figure 1a). The molecular architecture strongly 
influences the coking behavior of a given heavy residue or Asphaltene fraction; thus we 
hypothesize that OC and EC serve as a direct measure. Moreover, hyphenation to soft 
vacuum laser-ionization HRMS grants access to molecular-level information (2) (Figure 
1b). Consequently, this novel concept was used to address a set of various Asphaltenes, 
encompassing the PetroPhase 2017 Asphaltene, as well as heavy algae pyrolysis oil 
residues. Preliminary data on the quantified OC/EC fractions together with the molecular 
response allow drawing first conclusions on the coking behavior linked to the molecular 
moieties.
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Figure 1. Scheme for the (a) TOCA hyphenated to (b) HRMS. The oxidative 
catalytic oven and near-infrared detector allows to quantify the carbon-fractions 

released via a temperature protocols. 
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Abstract

 Mass spectrometry, and in particular Fourier transform ion cyclotron resonance mass 
spectrometry (FTICR MS) has been crucial for the analysis of complex mixtures such as 
crude oils, bio-oils, and environmental samples due to the ultrahigh resolution and mass 
accuracy. To gain additional insights into the structures of molecules present in a sample, 
either chromatography or tandem mass spectrometry (MS/MS) can be used. MS/MS 
techniques utilizing either collision-induced dissociation (CID) or infrared multiphoton 
dissociation (IRMPD) have been used for the characterization of petroleum and, in 
particular, for the classification of asphaltenes as island or archipelago type. In order to 
establish precursor and fragment relationships, isolation windows are usually employed 
prior to fragmentation. Isolation using a quadrupole at the front end of an instrument, 
however, is typically limited to ~0.5 m/z, and thus a number of precursors will be subject 
to dissociation, producing an overlap of fragmentation patterns. 

Two-dimensional mass spectrometry (2DMS) correlates product ions to their respective 
precursor ions without the need for chromatographic separation or isolation windows, 
thus enabling the analysis of multiple species in the same direct infusion experiment. 
The 12 T solariX FTICR MS at the University of Warwick has access to CID, electron-
based dissociation (ExD), IRMPD, and ultraviolet photodissociation (UVPD), making it 
well-suited for a range of MS/MS experiments. 

To demonstrate 2DMS for a complex mixture application, a petroleum-derived base 
oil was prepared at 0.1 mg/ml in 50:50 propanol/toluene and was directly infused by 
atmospheric pressure photoionization (APPI), coupled to a 12 T solariX FTICR MS 
(Bruker Daltonik, Germany). The 2D-IRMPD experiment used a 10.6 μm continuous 
wave CO2 laser (25 W) (Synrad Inc., USA) at 40% of its power output with an irradiation 
time of 0.18 s. 2DMS spectra were acquired using 1 M data with respect to the fragment 
m/z (x) axis and 32 k scan lines with respect to the precursor m/z (y) axis. 2DMS data 
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were processed with SPIKE to perform the two dimensional fast Fourier transform and 
digital demodulation, the resulting 2D spectrum was analyzed by T2D (LabView-based 
in-house software), where a 3D peak picking algorithm was used to accurately extract 
precursor-fragment relationships. Species were then assigned elemental formulae 
using Composer (Sierra Analytics, USA). The combined data representation allows the 
selection of any precursor species and then all their corresponding fragment species 
represented in a 1-dimensional mass spectrum similar to a standard tandem MS/MS 
experiment. In addition, a fragment species can be selected and then all precursors that 
generate this fragment can be displayed; this then enables structural relationships to be 
inferred. A similar procedure can be used to extract precursors that have neutral losses 
in common, which may indicate similar moieties. 

In conclusion, 2DMS has been used to produce data-independent acquisition 
dissociation data for a complex sample. The extraction of fragmentation patterns 
indicates both linear and branched alkanes are present in the sample. The use of 2DMS 
can be used to enhance the structural characterization of complex mixtures, compared 
to standard MS/MS experiments, due to the significantly improved differentiation of 
precursor/fragment relationships. 



36

PC-5

Analysis of Asphaltene Field Deposits from Offshore Assets

David Jennings*1, Kui Xu*1, Abhishek Golchha*1, Martha Chacon*2, Ryan Rodgers*2 and Andrew 
Yen†1

1Baker Hughes, 12645 West Airport Blvd, Sugar Land, TX 77478
2National High Magnetic Field Laboratory, 1800 E Paul Dirac Dr, Tallahassee, FL 32310

Abstract

 Asphaltenes are known to deposit in both the petroleum production and refining 
processes. For upstream operations, asphaltenes are normally in equilibrium at reservoir 
conditions. As crude oil is produced, that equilibrium may be disruPTEd by many factors 
including pressure reduction, introduction of miscible gases, comingling production with 
diluents and other oils, acid stimulation, and other oilfield operations.

Recent FT-ICR MS studies have revealed thousands of asphaltene molecules 
occupying a compositional range characterized by high aromaticity and low alkyl-chain 
content. Early tandem-MS results suggested the dominance of single-core / island motifs. 
However, the molecular features assessed by MS were inconsistent with bulk asphaltene 
properties, such as average H:C ratios. In this presentation, we focus on the results 
from asphaltene field deposits collected from Gulf of Mexico via field desorption mass 
spectrometry and FT-ICR MS. An extrography separation method was also conducted. 
The results from extrography fractionation reveals the existence of compounds with low 
aromaticity for one sample and much higher aromaticity for another. This demonstrates 
the need to consider polydispersity of asphaltenes when evaluating asphaltene deposition 
issues. The aggregation of asphaltenes can result from the synergy between several 
intermolecular forces, such as π-stacking, hydrogen bonding, London forces, and acid/
base interactions. The information will be essential to develop the next generation of 
asphaltene treatment chemicals.
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Abstract

 This study evaluates the characteristics of precipitated material recovered from the 
blend of two crude oils. The deposit was recovered by filtration and its characteristics 
were analyzed as a function of time. In general, the deposits are enriched in asphaltenes 
and waxes compared to the parent crude oils. They also contain a significant amount of 
maltenes. The results indicate that the amount and composition of the deposit change 
as the deposit ages. The deposit becomes more hydrogen deficient showing an increase 
in asphaltene content at longer times. Waxes also show variations in their composition, 
resulting in higher wax appearance temperatures (WAT). Comparison with precipitation 
behavior induced by n-heptane shows a similar trend but it is less pronounced. Magnetic 
Resonance Mass Spectrometry (MRMS) of the deposits using Atmospheric Pressure 
Photo Ionization (APPI) shows subtle changes in molecular distributions. These changes 
indicate enrichment in heteroatom-containing species as the deposit ages. The main 
goal of this study is to shed light on the changes that occur in sludges produced at the 
bottom of tanks during the blending of crude oils.
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Abstract

Molecules containing carboxyl functional groups play essential roles in petroleum 
geochemistry ranging from production and refining of crude oils to reservoir biomarkers 
and environmental impacts. However, the chemical composition and molecular structure 
of carboxylic acids (CAs) remain unidentified due to the crude oil matrix complexity, 
the relatively low abundance, and the structural diversity of carboxylic acids. Here we 
developed a novel strategy of halogenated amine labeling in combination with high-
performance liquid chromatography Fourier transform Orbitrap (LC-FT Orbitrap) analysis 
for non-targeted profiling of carboxylic acids in Danish North Sea crude oils. In this study, 
the carboxylic acids were isolated by liquid-liquid extraction technique and labeled by a 
secondary halogenated amine, 4-bromo-N-methylbenzylamine (4-BNMA). The selected 
reagent is potential for small (poly)carboxylic acids derivatization, which features phenyl 
group for chromatographic separation improvement and characteristic product ions 
from bromine isotope patterns for precursor ions determination.1 The derivatization 
and extraction of carboxylic acids were optimized and evaluated on both CAs spiked 
model oil and Danish crude oil, using statistical design of experiments (DOE) technique. 
The CA-4- BNMA labeled molecules generate two characteristic product ions m/z 169 
and 171, which were used to assign derivative precursor ions and potential carboxylic 
acid candidates as describe in Figure 1. We successfully recognized 7 standards in the 
spiked oil and discovered 50 candidates in original Danish crude oil. Overall, the method 
is demonstrated to be a promising strategy in the profiling of compounds with carboxyl 
groups.
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Figure 1. Schematic for carboxylic acids identification workflow using HRMS 
and bromine’s isotope pattern of product ions.



40

PC-8

A Comprehensive Study of Physicochemical and Geochemical 
Effects on CO2LSWAG Injection in Carbonates Using Numerical 

Simulation with SO4
2- and Mg2+ as Interpolants of Relative 

Permeability Curves

Ladislane S. Bastos*1, Igor E. S. Lins1, Gloria M. N. Costa1 and Silvio A. B. Vieira de Melo†1,2

1 Programa de Engenharia Industrial, Escola Politécnica, Universidade Federal da Bahia, Salvador 
40210-630, Brazil

2 Centro Interdisciplinar de Energia e Ambiente, Campus Universitário da Federação/Ondina, 
Universidade Federal da Bahia, Salvador 40170-115, Brazil

Abstract

 Low-salinity water alternating CO2 (CO2LSWAG) injection has been widely studied 
and employed due to its capability to promote enhanced oil recovery (EOR). However, 
the exact mechanisms that lead to EOR in carbonates are still unknown for low-
salinity-based recovery processes due to the overcomplexity of the crude oil-brine-rock 
interactions.1 The present work investigates physicochemical and geochemical effects 
of CO2 and CO2LSWAG injections in order to identify the relation between these effects 
and the oil recovery. Moreover, CO2LSWAG simulations comparing SO4

2- and Mg2+ as 
interpolant ions are performed. Numerical simulations considering a generic carbonate 
core were conducted using GEM simulator. To achieve our goals, oil recovery, water and 
gas production, reservoir pressure, rock and fluid properties along the core and in the 
effluent were assessed. Figure 1 shows that CO2LSWAG leads to a higher oil recovery 
than continuous CO2 injection and that improvements are obtained even in conditions 
below the minimum miscibility pressure. Mineral reactions were more pronounced for 
CO2LSWAG than for CO2, indicating that geochemical mechanisms, which resulted in 
core properties changes, such as porosity increase, are controlled by LSW injection. 
Hence, CO2 dissociation is more noticeable when LSW is injected and the water 
saturation increases. Simulations using Mg2+ as interpolant improved oil recovery more 
than SO4

2- because Mg ion concentration in the aqueous phase after LSW injection leads 
to relative permeabilities values more favourable for oil recovery. CO2 injection controls 
the physicochemical mechanisms, since the variations in oil, gas and water properties 
present similar behavior for both injections, differing only by the fact that changes occur 
faster or slower depending on whether the injection is continuous or WAG. CO2 solubility 
in all phases influence physical properties that affect the oil displacement, such as density, 
viscosity and oil-gas interfacial tension. 
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Abstract

Hydrocarbons are the main components in petroleum and their molecular 
characterization is of great significance to petroleum processing. Electrospray ionization 
(ESI) coupled with high resolution mass spectrometry has been widely used for molecular 
characterization of petroleum, however, hydrocarbons cannot be directly ionized by ESI. 
To enable the analysis of hydrocarbons by ESI, we have developed methods to convert 
saturates and aromatics into alcohols and sulfonates through redox and silica sulfuric 
acid sulfonation reactions, respectively.1, 2 The molecular composition of hydrocarbons 
of three heavy petroleum fractions was analyzed (Figure 1). Saturate hydrocarbons 
and aromatic hydrocarbons were selectively characterized without mutual interference, 
which was based on the excellent selectivity of the chemical derivatization reactions 
rather than dependent on the efficiency of hydrocarbon components separation. The 
inherent characteristics of the molecular composition of hydrocarbons in these heavy 
petroleum fractions were well distinguished. The series of hydrocarbons with 40 carbons 
could be cycloalkanes such as β-carotanes or/and aromatic hydrocarbons such as 
isorenieratanes. Alkyl and aryl groups could be effectively identified by the method, which 
was helpful for accurately understanding the molecular composition and predicting the 
structure of hydrocarbons. The monoaromatic steranes and alkyl naphthalenes were 
also distinguished by this method. The quantitative potential of the methods has been 
demonstrated and would be systematically investigated.



42

Figure 1. Relative abundance plots of DBE versus carbon number for saturate 
hydrocarbons and aromatic hydrocarbons in three heavy petroleum fractions. 
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Abstract

The gasoline molecular-level blending model comprehends the gasoline composition 
and blending process on the molecular level. The advantage is that it treats the blending 
process of different types of gasoline as a linear superposition of the mass fractions of 
molecules contained in the gasoline, and then uses the molecular composition-property 
correlation method to predict the bulk properties of the mixed gasoline. The molecular-
level blending model does not need to consider the interactions between different types 
of gasoline streams, thus avoiding the repeated training of interaction parameters. The 
molecular-level model has a wide application range, high prediction accuracy, and low 
model maintenance cost. 

The gasoline molecular-level blending model construction is mainly divided into three 
steps: 

(1) Establishing quantitative structure-property relationship (QSPR) models to 
accurately predict the key properties of gasoline molecules according to the quality 
indicators of gasoline, including octane number, Reid vapor pressure, yield sooting index, 
combustion heat, density and boiling point. 

(2) Building GC-FID-based gasoline molecular composition models to obtain qualitative 
and quantitative information of gasoline molecules. Then the molecules can be digitally 
represented and reconstructed on computer. 

(3) Constructing the correlation between gasoline molecular composition and bulk 
properties, in which the bulk properties are separated into linear and nonlinear mixing. 
The density, olefins, aromatics, benzene and oxygen content of gasoline mixtures are 
estimated using linear mixing. In addition, we developed a gasoline octane number (ON) 
prediction model based on molecular interaction, which can consider the contribution of 
each molecule to the ON of gasoline and identify the interactions between different types 
of molecules. Several different approaches were used to validate the predictive ability 
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and extrapolation performance of the model. The mean absolute errors of the training and 
test sets for RON are 0.99 and 0.91 (1.03 and 0.85 for MON). A mechanism data fusion 
approach was used to calculate the Reid vapor pressure and D86 distillation curve. First, 
a large amount of virtual gasoline molecular composition and its corresponding bulk 
property data were generated using the gas-liquid equilibrium-based mechanism model. 
Then the deep learning algorithm was used to build the mapping relationship between 
gasoline fingerprints and bulk properties. 

Finally, the developed model was applied to the practical gasoline blending process 
and recipe optimization in refineries.

Figure 1. Schematic diagram of gasoline molecular-level blending model
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Abstract

Despite the recent move towards renewable resources, heavy oil is an abundant and 
dependable resource that is likely to play a role in the world energy supply for decades 
to come. Heavy oil is viscous and often requires heat or solvent addition for production 
and processing. The physics underlying these heavy oil processes can be challenging to 
model analytically or represent in reservoir simulation. A critical first step is to find reliable 
phase behavior and property models. Thanks to the efforts of multiple researchers over 
the past several decades, there is now a wide range of available models. Many of these 
models are comprehensive but require a detailed oil characterization and the solution of 
iterative phase behavior calculations. There is also a role for more straightforward, albeit 
less comprehensive, models; for example, as a means to quality check data, to aid in 
evaluating preliminary process ideas, to incorporate within analytical process models, 
and for use in reservoir simulation where reducing the calculation time is a priority.

In this presentation, common thermal and solvent assisted processes to recover 
and process heavy oil are reviewed with a focus on the role phase behavior and 
physical properties play in these processes. The phase behavior and properties of 
heavy oil as a function of temperature, pressure, and solvent content are presented. 
First principles are used as the basis for several straightforward approaches to 
determine saturation pressures, phase boundaries, phase equilibrium, density, 
and viscosity. The approaches are illustrated with reservoir and surface processing 
applications. 
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Small-angle scattering (SAS) is a traditional technique in colloidal and polymer science 
to monitor structure in the liquid state for sizes up to approximately 50 nm, and it has 
been frequently employed to investigate asphaltenes. Another common tool, optical 
microscopy, is limited to a minimum observable size of 500 nm, leaving a gap from 
approximately 50-500 nm where the structure of asphaltenes during phase transition 
has been largely unstudied. This gap is significant as experimental investigations1 reveal 
that asphaltenes deposit onto surfaces when they are at this length scale, leaving critical 
information on the size, shape and surface properties of asphaltenes obscured during 
this critical process. Ultra-small-angle X-ray scattering (USAXS) extends the range of 
traditional SAS to a maximum size of 5 microns and when combined with SAS, the 
technique links the structural investigation of asphaltenes from 1 – 5000 nm. Combining 
time-resolved SAS and USAXS allows for the complete monitoring of the structural and 
kinetic changes that asphaltene undergo while transitioning from soluble nanoaggregates 
and clusters to insoluble asphaltene particles and flocs. USAXS has already been 
applied to reveal that the asphaltene phase transition mechanism is one of a liquid-
liquid separation, but that the high viscosity of the asphaltene-rich phase slows the 
formation of a smooth interface, which may explain prior attempts to model the process 
as a colloidal aggregation mechanism.2 Additionally, the technique has also been applied 
as both a screening tool for inhibitor effectiveness and to uncover the mechanisms 
of how effective inhibitors may alter the asphaltene precipitation mechanism and 
kinetics.3”ISSN”:”15205029”,”Abstract”:”This paper presents time-resolved ultra-small-
angle X-ray scattering (USAXS In this talk, we will review the capabilities of USAXS 
for investigating asphaltene properties and present new applications of the technique 
to an in situ titration flow cell to monitor the phase transition process on time scales 
of 5 minutes. The approach has been applied to systems with and without chemical 
additives (i.e., inhibitors) and in mixtures with inorganic solids to investigate bitumen froth 
extraction processes. The structural information that can be extracted from this approach 
can reveal insight into the size, shape, surface roughness, composition, and quantity 
of asphaltenes all monitored in situ and non-invasively. Consequently, translation of 
the approach to elevated temperatures, pressures or using a variety of diluents (e.g., 
methane, propane, CO2) are all technically feasible. 
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Figure 1. (A) Schematic of titration and in situ USAXS flow cell system; (B) 
USAXS results reveal kinetic size growth of asphaltenes into a secondary liquid 

phase and subsequent flocculation as the heptane concentration is increased. 

(1) Hoepfner, M. P.; Limsakoune, V.; Chuenmeechao, V.; Maqbool, T.; Scott Fogler, H. 
Energy and Fuels 2013, 27 (2).

(2)  Yang, Y.; Chaisoontornyotin, W.; Hoepfner, M. P. Langmuir 2018, 34 (35), 10371–
10380.

(3)  Ismail, M.; Yang, Y.; Chaisoontornyotin, W.; Ovalles, C.; Rogel, E.; Moir, M. E.; 
Hoepfner, M. P. Energy and Fuels 2019, 33 (5), 3681–3693.
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Abstract

This study is focused on obtaining associative energies from molecular dynamics (MD) 
simulations to be implemented in an equation of state (EoS) Cubic-Plus-Association 
(CPA). In our oral presentation (PetroPhase 2021), we have shown that petroleomics 
characterization (FTICR MS, SARA composition, thermogravimetric and elemental 
analysis) can be used to both propose proper representative molecular structures 
and describe a specific crude oil using MD simulations.1 Based on this approach, we 
reconstructed a live crude oil model, including the gas phase representation, from the 
petroleomics information and PVT testing obtained from a Colombian crude oil. The liquid 
phase was composed of four different types of asphaltenes, and two types of molecules 
for describing saturates, aromatics, and resins (i,e, maltenes), whereas the gas phase 
was described by seven species (C1-C5, CO2, and N2) based on the compositional gas 
analysis.

API gravity, live crude oil densities, and viscosities at reservoir conditions were calculated 
by MD simulations. These results were compared with experimental measurements of API 
gravity, live crude oil densities measured in a PVT cell (constant composition expansion), 
and viscosities measured using an electromagnetic viscometer (EMV). These physical 
parameters showed deviations under 5% regarding the experimental values, indicating a 
proper description of both real dead and live crude oil. Disruptive results were obtained 
in this study, because of particular aromatic compounds containing oxygen heteroatoms 
were identified, which has a strong effect on the aggregation behavior of organics (Figure 
1). This effect could explain the pronounced formation damage produced by organics 
precipitation identified in this Colombian field. For this reason, MD results showed stronger 
interaction energy between these aromatic oxygenated compounds with asphaltene 
molecules than the resin molecules. This energy data are contrary to those reported 
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in the literature.2–4 This particular and new behavior is key because it allows optimizing 
chemical treatments of organics precipitation inhibition in this field.

Figure 1. Final configuration of asphaltenes and oxygenated aromatics at 
reservoir conditions (204.14 atm and 383.15 K). Maltenes and gas molecules are 

omitted for clarity.

To implement CPA EoS, it was necessary to develop a classical EoS. A Peng-Robinson 
three-parameter equation (PR-3p) was proposed. Critical properties and acentric factors 
were obtained from the molecular weights and specific gravities determined by MD 
simulations for each molecular structure. This EoS was successfully validated through 
PVT data such as API gravity, gas-oil ratio (GOR), bubble pressure (BP), and oil densities. 
The interaction energies between the self-associative organics and cross-interaction 
between. 
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Abstract

With the aim of developing a reliable and accurate EoS for process design, Le Guennec 
et al.1 introduced the pure-component translated-consistent Peng-Robinson (tc-PR) cubic 
equation of state (CEoS). It is an extremely accurate CEoS for pure components since it 
yields an average overall deviation lower than 2% over the 306 700 pseudo-experimental 
data points available in the pure-compound database that Piña-Martinez et al.2 proposed 
to use in order to cross-compare the ability of EoS in property estimation of pure species.

In this study, the extension of the tc-PR EoS to mixtures has been investigated. For this 
purpose, advanced EoS/  mixing rules are used to combine the tc-PR EoS with the 
residual part of an activity coefficient model chosen among Wilson, NRTL and UNIQUAC. 
The performances of the three resulting EoS versions are compared against a high-
quality reference database containing binary-system data for the cross-comparison of 
thermodynamic models and the assessment of their accuracy (see Figure 1). It is shown 
that the best choice to extend the tc-PR EoS to mixtures along with EoS/  mixing rules 
is to use the residual part of the Wilson activity coefficient model ( ). After grading, 
the resulting model, named “tc-PR-Wilson”, received a mark of 12.4 / 20. It has a clear 
advantage over the other investigated models in this study which are all below 12 / 20. 

Observing that some experimental data could not be compared to a calculated value 
(typically, when the model does not predict the right topology of a phase diagram like, 
e.g., predicting a heterogeneous azeotrope instead of a homogeneous one), a new 
performance indicator (“success ratio”) was introduced as the ratio of the number of 
datapoints for which the model can reproduce qualitatively the experimental data behavior 
over the total number of experimental data. The success ratio of the tc-PR-Wilson model 
reaches 96%; this model distinguishes especially in the correlation of liquid and gas 
phase compositions, azeotropic points and three-phase pressures. In a second stage, 
the influence of the temperature dependence of the binary interaction parameters of the 
tc-PR-Wilson model on the reproduction of VLE, LLE, VLLE and caloric properties data 
has been studied.
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Figure 1. Graphical Abstract of the cross-comparison and grading of the Wilson, 
UNIQUAC and NRTL aE models combined with the tc-PR equation of state through 

advanced mixing rules.
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Abstract

Equations of state (EoS) are one of the most commonly used tools in chemical and 
process engineering due to their capacity of predicting thermodynamic properties of pure 
compounds and mixtures at any given state. It is therefore clear that their performance at 
predicting such properties must be studied carefully and systematically to quantify their 
strengths and weaknesses.

However, in order to properly correlate binary systems, an EoS must be able to 
accurately represent the pure-compound properties first. This is the reason why it was 
decided to build a database containing over 300,000 pseudo-experimental data points 
for pure components. These data come from a carefully selected portion of the DIPPR 
database and originate from 1 800 different pure components representing all chemical 
families, and including 1252 non-self-associating (NSA) and 548 self-associating (SA) 
compounds. 

In this study, it was decided to focus on 3 EoS that include a cubic and two molecular-
based equations that are: the PC-SAFT, the Industrialized-PC-SAFT (I-PC-SAFT) and 
the translated-consistent-Peng-Robinson (tc-PR) EoS. As a preliminary study, it was 
decided to evaluate the capabilities, strengths and weaknesses of these models in their 
most basic form, i.e., without adding an associating term. The MAPEs on are reported in 
Table 1 for the 3 studied EoS.
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 Table 1. MAPE on as predicted by the PC-SAFT, I-PC-SFAT and tc-PR EoS.

EoS

MAPE 
on

(1800 
fluids)

MAPE 
on

(1800 
fluids)

MAPE 
on

(1536 
fluids)

MAPE 
on

(890 
fluids)

MAPE 
on Tc
(1800 
fluids

MAPE 
on Pc
(1800 
fluids

MAPE 
on vc
(1800 
fluids)

Global 
average 
deviation 
over the 
306 700 
available 

data points

PC-SAFT 1.18% 0.95% 3.25% 4.17% 2.28% 20.8% 4.38% 2.2%

I-PC-SAFT 2.08% 4.60% 4.00% 4.10% 0%(*) 0%(*) 12.4% 3.6%

tc-PR 0.98% 2.08% 1.92% 2.53% 0%(*) 0%(*) 19.6% 1.9%

Globally speaking, the PC-SAFT equation is able to reproduce and data with a deviation 
close to 1%, which meets highest standards. The prize to pay is however a large deviation 
on the critical pressure. The I-PC-SAFT EoS exactly reproduces the critical pressure and 
temperature and accurately correlates . Its weak point is a larger liquid density deviation. 
The tc-PR EoS has the lowest MAPE (mean absolute percentage errors) on , and but, 
although translated, leads to large deviations on in the critical region.

The key conclusion of this study is however the absence of correlation between 
the strength of association and the accuracy with which the experimental data were 
correlated. Regardless of the EoS, poor results are obtained for more than 15% of 
the non-self-associating compounds but 60% of the self-associating compounds are 
accurately correlated although no association term was included in the considered EoS. 
For sure, such results deserve to be discussed!
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Abstract

 Absorption is still the most common technique used for natural gas dehydration 
(NGD) processes. Although many liquids possess the ability to remove water from gas, 
triethylene glycol (TEG) is the most popularly used for NGD, as it achieves the stringent 
product specifications, as the water and glycol content of the vapor phase stablished 
by GASSCO (1). These specifications are mandatory to ensure asset integrity in 
downstream transport, since water as impurity in natural gas is associated with several 
operational problems, such as slug flow and gas hydrates formation. Process design for 
such applications rely on predictions of thermodynamic models, which in its turn need 
to be parametrized and tested against consistent experimental data. However, very 
few glycol-related data sets are found in the open literature, which combined with the 
experimental challenges to measure the low concentrations of glycol in gas phase, result 
in high uncertainty on the validation of these TEG-systems (2). 

In this scenario, VLE experiments were conducted using an apparatus manufactured 
by Sanchez Technology (now Core Laboratories), which has been described previously 
(3). The equilibrium cell, after cleaning and placed under vacuum for 2−3 h with p < 0.20 
kPa, was loaded with about 250 ± 5 mL of the gas (methane or ethane). Then, 60 ± 2 mL 
of a prepared liquid mixture (TEG + water) was pumped into the cell. Once the cell was 
loaded, the stirrer was turned on and the process is left to equilibrate for a minimum of 16 
h. Gas dissolves into the liquid phase until a constant PVT condition (within the range: p ± 
1 kPa, T ± 0.01 K and V ± 0.01 mL) is reached. The sample space was then pressurized 
to 115 kPa with helium to minimize atmospheric ingress. The tubing between the cell 
and the separator was flushed with approximately 5 mL of liquid from the cell before a 
single 25 mL sample was taken. The change in volume of the gas meter (under constant 
pressure and temperature) was recorded, giving the volume of flash gas. Additionally, the 
liquid sample mass (Ohaus Explorer Pro, m ± 0.001 g), water content (Metrohm 915 KF 
Ti-Touch, u(xH2O) = ±2%), and density (Anton Paar DMA 4500M, ρ ± 0.00007 g.mol−1) 



56

were measured. These measurements were used to determine the dissolved methane 
content. Water content of the gas phase was measured by routing vapor to a coulometric 
KF analyzer (Metrohm 831 KF Coulometer, u(yH2O) = ± 3%). Depending on the volume 
of gas available and the stability of the measurement, between 5 and 15 parallel samples 
were taken. Gas samples (typically 10 samples of 0.5 L each) were routed through ATD. 
Glycol adsorbs onto the Tenax coating of the ATD tubes and was then later thermally 
desorbed for analysis. Analysis was done using an Agilent 5975C GC−MS, which was 
fitted with a Varian CP7448 capillary column. Duplicate three-point calibration (versus 
standard solutions) was performed for each batch of samples. 

These measurements have resulted in 18 new experimental VLE data for the system 
TEG (1) + methane (2) + water (3) at 6.0 and 12.5 MPa, and temperatures ranging from 
288 K to 323 K, and 21 new ternary points of the system TEG (1) + ethane (2) + water 
(3) at (293, 303) K and 3.0 and 4.0 MPa. The newly measured data were also used in the 
evaluation of CPA EoS, showing that the model provides a good qualitative description 
of the first system, with average absolute relative deviation (AARD) ranged between 
7−25%, while presents a significant under-prediction of glycol and water in gas phase 
(10-42%) when ethane is present.
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Abstract

 Often crude oils are mixed with hydrocarbon diluents or other crude oils from a different 
source during transportation and refining processes. Such mixing may destabilize the 
mixture to precipitate asphaltenes indicating compatibility issues with the diluent or 
among the source oils that are used to prepare the blend. Depending on the operating 
conditions, precipitated asphaltenes would deposit causing plugging in pipelines, build-
up of solids in storage tanks, and fouling in refinery process equipment. This would lead 
to additional maintenance, expensive repairs, and downtime for the pipeline companies 
and refineries. Hence, there is a considerable need for a predictive tool to assess the 
compatibility of crude oils.

In this work, we developed a methodology to assess the crude compatibility by 
adapting the Multiflash® asphaltene precipitation model originally developed for upstream 
applications. The asphaltene precipitation model1 is fully compositional and developed 
based on the cubic plus association equation of state to perform thermodynamic phase 
equilibrium calculations. Asphaltene precipitation is modeled by considering asphaltene, 
asphaltene self-association, and asphaltene-resin cross-association. Furthermore, the 
model uses appropriate fluid characterization method to characterize the crude oil into 
four pseudo components. The experimental data necessary for fluid characterization 
and parametrization of the model are crude oil composition, density, asphaltene content, 
and the onset of precipitation. Crude oil composition is obtainable from either a gas 
chromatography analysis or a simulated distillation data. The onset data is available 
by using standard techniques and refers to the minimum amount of titration solvent 
necessary to initialize the precipitation of asphaltenes.

 When modeling the asphaltene precipitation in blends, the source crudes are mixed 
in terms of mass basis to characterize the mixture into four pseudo components and the 
pseudo component properties are suitably assigned. The asphaltene model parameters 
for the blend are calculated from the asphaltene model parameters of the source crudes 
by using appropriate mixing rules. Phase equilibrium calculations are then performed to 
predict the asphaltene phase behavior specifically the onset of precipitation for the blend. 
The predicted onsets are used for assessing the crude compatibility.
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This presentation comprises of the methodology for modeling the asphaltene 
precipitation in crude oil blends, the dataset used for validating the model predictions, 
and the compatibility assessment criteria related to asphaltene stability for the oil blends. 
Additionally, the presentation covers the extension of the model to assess the stability of 
fuel oils, which are prepared from the residues and the cutter stocks.
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Reservoir fluids may present complex phase diagrams involving three-phase behavior, 
due to the presence of different compounds that -when exceeding certain quantities- can 
induce the separation of a second liquid phase. Typical and important cases are carbon 
dioxide, water and asphaltenes, while the mere asymmetry in the mixture of hydrocarbons 
can also be responsible for a three-phase region in the fluid phase envelope. Although 
the behavior and practical implications are quite different in each of these cases, their 
phase diagrams may share some qualitative characteristics, and therefore require similar 
methods and strategies for their calculation.

A general computation strategy, including details on the calculation method for 
three-phase envelopes and highlighting the importance of double-saturation points, 
was presented in Petrophase 2017.1 That work focused on the behavior of asphaltenic 
reservoir fluids, illustrating three different possible topologies for the complete phase 
envelope, based on reservoir fluid cases taken from the literature. 

In this work we study different composition effects on these complex phase diagrams for 
reservoir fluids, with focus on the transitions between different topologies. New possible 
topologies have also been identified and considered in the extension of the strategy for 
computing complete phase envelopes with two and three-phase boundaries. Reference 
fluids considered in this study consisted again of compositions and parameters taken 
from the literature, but in simplified lumped versions. Starting from those fluids, different 
alterations in compositions were used to analyze the effect on the predicted phase 
diagram. The effects and relations observed could help to advance the understanding of 
asphaltenes phase behavior in reservoir fluids.

(1) Cismondi, M. Phase envelopes for reservoir fluids with asphaltene onset lines: An 
integral computation strategy for complex combinations of two and three-phase 
behavior. Energy & Fuels, 2018, 32, 2742-2748.
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Abstract

 Mesophase formation is a prerequisite to forming high performance carbon fibers 
(CF) from isotropic pitch feedstocks such as petroleum and coal. CF markets are 
expected to increase significantly as demand increases for high strength and lightweight 
composite materials. This is becoming especially important for the vehicle industry 
as it transitions away from traditional combustion engines towards electric vehicles—
which are significantly heavier due to their batteries. Heavier vehicles place more strain 
on vehicle wear components, driving infrastructure and are more dangerous during a 
crash. With DOE support, a consortium was pulled together to address the production 
of affordable carbon fibers in the United States for vehicle applications. Currently the 
CF market is dominated by PAN-based fibers and pitch CF has been in decline for 
many years. However, melt spinning pitch based CF has a significant cost advantage 
over PAN-based CF. In this program several different feedstocks were investigated for 
their ability to form mesophase and produce CF and models were developed to predict 
CF properties from the molecular characterization of the feedstocks (Figure 1). These 
findings will be discussed, to provide a framework towards understanding and imagining 
possible future developments for asphaltenes based CF. Asphaltenes are an abundant 
feedstock that are typically passed through in paving or roofing applications, burnt as 
fuel, or are processed and rejected ultimately as coke and burnt as a fuel. In light of what 
has happened to coal in the recent decade, a growth in a green consciousness, it would 
be a significant advancement to the petroleum industry to find new materials applications 
for asphaltenes. 
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Figure 1. Schematic flow diagram used for generating predictive models for 
single filament and tow-level CF properties using molecular fingerprints from 
chemical characterization of feedstocks. The models account for precursor 
properties and chemistry, CF processing conditions, single filament morphology, 

and crystalline alignment. 
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Abstract

 Production of fuels and targeted chemicals from biomass represents a current 
challenge. In order to obtain the desired products, optimized reaction conditions are 
required. Bio-oils are a complex mixture of thousands of individual molecular compositions, 
with differing numbers of carbon, hydrogen, nitrogen, and oxygen atoms (c, h, n, and 
o, respectively). The compositional spaces of such complex mixtures with high oxygen 
contents are commonly plotted using van Krevelen diagrams, where the H⁄C versus O⁄C 
ratios are displayed. For a bio-oil to be effectively used in engines, further upgrading 
is necessary to drive the compositions towards low oxygen and high hydrogen content 
(thus, low O⁄C and high H⁄C values). Here, we propose reaction vectors in van Krevelen 
diagrams to outline the possible reaction routes that favor the production of molecules 
with increased energy density, using examples of bio-oils produced from citrus waste 
(lemon and orange peel) and olive pulp. When reactions such as the addition or loss 
of CO, CO2, CH4, and H2O occur, a displacement of the compositions of molecules in 
terms of H⁄C and O⁄C ) coordinates is observed. The direction and magnitude of the 
displacement along each axis in van Krevelen diagrams depends upon the specific 
reaction route and the elemental content of each molecule. As a consequence of the 
wide diversity of compositions, different reaction routes are suggested (see Figure 1) that 
include multi-step upgrading processes, including hydrogenation and the elimination of 
oxygen in the form of CO and CO2. 
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Figure 1. Comparison of the starting material and the hydrocarbon distribution 
by type obtained after the simulation of different reaction pathways. 
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 Abstract

Carbon capture and storage (CCS) is considered as a key process to reach net-zero 
emission by 2050 aim limiting global warming; However, its global implementation has 
been limited due to technical-economic considerations mainly related to i) the process of 
CO2 separation from the flue gas stream, and ii) the technical facilities required to inject the 
captured CO2 in deep geological deposits. Thus, this work proposes an enhanced e-CCS 
process based on nanomaterials inclusion where the flue gas stream can be injected 
directly into a reservoir, and the selective separation of the CO2 is carried out in-situ 
underground, besides including advantages related to the direct application in shallower 
reservoirs (<300 m) enhancing storage efficiency based on surface modifications onto the 
rock by molecular interactions with the rock- nanomaterial-CO2. Thus, this work includes 
nanomaterial synthesized from rice husk like agro-waste sources with better technical-
economic feasibility framed in a circular economy to reduce costs and maximize the 
use of available resources. The silica nanoparticles synthesized were characterized by 
hydrodynamic size, scanning electron microscopy (SEM), Fourier transforms infrared 
spectroscopy (FTIR), thermogravimetric analysis (TGA), and surface acidity. Silica 
Nanoparticles (RSi) were modified on the surface using urea (RSi-U), diethylamine (RSi-
DE), triethylamine (RSi-TE), and ethylenediamine (RSi-EM) to enhance preference for 
CO2, doped with 1, 3, and 5 wt% in mass fraction of urea and each amine group. Then, 
CO2 capture was evaluated at 30°C and different conditions of pressure (0,01 MPa to 3 
MPa) using a CO2 stream and flue gas stream to determine the adsorption performance 
of the nanomaterials. In this study, the nanomaterials with better performance were used 
as surface modifying agents onto porous medium to improve the selective adsorption 
of CO2 and storage in situ. Ottawa sand was used as a geological media and was 
impregnated with a nanofluid of silica nanoparticles dispersed in deionized water. The 
results obtained showed a high adsorption capacity of the synthesized nanomaterials 
and enhanced capture of CO2 and storage in shallow reservoirs.
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Figure 1. High-pressure CO2 adsorption isotherms for materials RSi-U0.7, 
RSi-U4.2, and RSi-U10 at 30 °C. The Sips model used for modeling the isotherms 

is represented as black dotted lines
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Abstract

 The refining industry is one of the major consumers and producers of gray hydrogen. 
To meet net-zero promises, brownfield refineries must switch to blue and green 
hydrogen processes, but that transition cannot happen overnight. The transition towards 
sustainability will be implemented through near-, medium-, and long-term initiatives 
that may require significant modification to long-held processes and substantial capital 
investment. Refiners face a complex future operating environment. Hydrogen from mixed 
sources must be balanced against KPIs for production, profitability, and now sustainability. 
Key decision criteria, like total greenhouse gas emissions, cannot be measured directly. 
With the dynamic nature of renewable energy, operating conditions will change as quickly 
as the weather. 

To enable the green hydrogen transition, refiners will need tools that capture the 
complexity of the transitional operating environment while simplifying analysis outputs 
into digestible, actionable insight. In other words, a tough job has to look easy. 
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Abstract

 Currently, the sustainable usage of hydrocarbon resources is a challenge for refiners. 
To satisfy strict environmental regulations, energy companies have started to utilize 
renewable feedstocks (e.g., biomass) as alternative feeds for chemical conversions. 
Upgrading the mixture of petroleum oils and renewable feedstocks together via existing 
refining infrastructures is an economically tangible way for refineries to obtain maximum 
profits while minimizing carbon emissions and the cost of new construction. To optimize 
this sustainable scenario, we propose using the Aspen Tech Molecule-Based Framework 
in HYSYS Petroleum Refining to model the conversions of petroleum feedstocks and 
biomass.

First, we developed a green diesel hydroprocessing model1 using the Aspentech 
Molecule-Based (MB) reactor2,3. A general representation of molecular compositions for 
triglyceride-derived bio feeds was created that allows us to describe well a variety of bio 
feeds at the molecular level such as soybean oil, coconut oil, rapeseed oil, used cooking 
oil, etc. Then detailed reaction pathways of bio feed hydroprocessing were explored. As a 
result, we created a molecular kinetic model consisting of ~ 100 molecules, ~10 reaction 
types and more than 200 distinct reaction paths. The kinetic parameters of that model 
were calibrated by fitting multiple experimental data sets and the calibration results show 
a good agreement with the measurements.

The molecules in the effluent of the green diesel reactor are paraffins, which is common 
with the species in traditional petroleum. So, we placed that green diesel reactor in a 
refining flowsheet of wide-range refinery models and developed a sustainable refining 
flowsheet mentioned above. Utilizing Molecular Characterization (MC)4 techniques, 
a petroleum crude can be represented by detailed molecular components. Using the 
results from MC as initial conditions, we can use the molecule-based reactor to develop 
reactor models of chemical conversions from naphthas to heavy oils for processes 
such as hydrocracker, hydrotreater, etc. As a result, the molecules in the streams of 
the conversions of petroleum feedstocks and green diesel reactor can coexist and be 
propagated across the entire flowsheet. 
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Consequently, the Aspen Molecule-Based modeling framework in HYSYS Petroleum 
Refining provides refiners a way to model the sustainable usage of petroleum fractions 
and renewable feedstocks across a wide range of refinery units and track the molecular 
details from a variety of feeds (heavy oils, VGO, biomass etc.) to different final products 
(diesels, gasolines, chemicals etc.). Users can leverage this capability to maximize profits 
and minimize carbon emissions via optimization. 
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Farming practices associated with extensive livestock grazing in tropical areas 
worsen global climate change by releasing greenhouse gases (GHG) and promoting soil 
desertification due to erosion, compaction of soil, and loss of organic matter. The rational 
rotational regenerative (RRR) grazing system presented here solves this problem. 

The unique radial RRR design (Figure 1) provides a carbon sink in the livestock 
industry by reducing emissions and capturing carbon and nitrogen while improving 
livestock nutrition and enhancing the living conditions of the communities. This system 
integrates livestock, soil improvement, forestation, carbon dioxide (CO2) sequestration, 
methane (CH4) utilization, and nitrous oxide (N2O) reduction. The system also includes 
biogas & biofertilizer production from waste. Technology facilitates the optimization of the 
project with the utilization of photovoltaic renewable energy, real-time visual tracking with 
cameras and drones, and Big-Data management. The project also looks to safeguard 
forests and protect biodiversity with the formation of ecological corridors.

The radial RRR project intends to manage a high density of 10 heads per hectare, in 
contrast with the conventional-extensive cattle industry that operates about 0.5 heads 
per hectare. Every radial module of 100 hectares includes more than 130,000 selected 
protein bank trees and legumes that sequester CO2 and N2 to add organic matter to soils, 
enhance cattle nutrition and provide shade. Digesters extract biogas (a mixture of CH4 
and CO2) from manure. The produced biogas would replace the community’s firewood 
cooking method commonly used. Other products from the digestor are biofertilizers that 
will reduce the use of chemical fertilizers. This system closes the loop for an entirely 
circular economy.

This natural climate solution (NCS) project looks to deliver environmental, biodiversity, 
and social benefits in line with United Nations Sustainable Development Goals. We work 
in collaboration with government entities and private organizations.
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Figure 1. Radial RRR Module Project under development at Cumaribo, Vichada 
– Orinoquia Region in Colombia
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Abstract

 The consumption of natural gas as an energy source is increasing significantly 
worldwide due to its many advantages, including low greenhouse gas emissions, 
high efficiency and relatively low cost. However, the currently known methods of gas 
storage and transportation, such as liquefied, compressed or adsorbed gas, have 
serious disadvantages and are limited in application, since they require either extremely 
low temperatures or very high pressures (1). Gas hydrate technology can become a 
promising alternative to the above methods. Gas hydrates are non-stoichiometric 
crystalline compounds in which a gas molecule is enclosed in a cell of water molecules. 
Theoretically, one volume of hydrate can hold up to 170 volumes of gas (2), which 
makes this technology of transportation and storage of natural gas a promising option, 
since artificially synthesized hydrates provide a more economical, environmentally 
friendly and safe way of storing energy (3). However, the low rate of formation of gas 
hydrates is considered a critical problem that hinders the industrial application of hydrate 
technologies (4). In this regard, sulfosuccinates of fatty alcohols that facilitate the growth 
of gas hydrates were studied in this work.

In this work, the ability of sulfosuccinates with different lengths of the hydrocarbon 
radical to promote kinetics and thermodynamics of hydrate formation were studied under 
dynamic and static conditions using an autoclave and high-pressure DSC. Alcohols 
such as butyl, pentyl, hexyl, heptyl, octyl, decyl, lauryl, myristyl and cetyl alcohols were 
selected as starting compounds. It was shown that as the chain length increases, the 
promoting activity increases from butyl to lauryl alcohol (short induction time, high rate of 
hydrate formation and large amount of hydrate formed) and then falls again. 

The work was supported by a subsidy allocated to Kazan Federal University for the 
fulfillment of the state task in the field of scientific activity (project No. FZSM-2021-0025).
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Abstract

 Separation of water from oil in produced crude is an essential objective of crude 
oil production. Water-in-oil emulsions and oil-in-water dispersions prevent separation 
of oil and water within production systems. Separation challenges can be exacerbated 
due to several factors, for example waxy, viscous crude oil, together with a low arrival 
temperature impacting separation efficiency and water quality. Separations management 
requires vital technical considerations during design phase towards sizing and selection 
of the separation equipment. Design criteria would make considerations based on 
composition of the fluid mixture, as well as evolution of the management strategies through 
the production lifecycle changes (first oil, water-breakthrough, late life, etc.). Produced 
water management is another critical concern owing to environmental, economic, and 
regulatory consequences. Currently, the growing trend to reduce project CAPEX with 
subsea tiebacks so as to maximize the use of existing brownfield facilities in developing 
greenfield projects is adding to technical challenges including separations especially 
when the length of tieback increases, and fluids of significantly different properties are 
being handled together. This presentation will discuss petroleum emulsions during oil and 
gas production and challenges for production chemistry in today’s ever-more complex 
production environments.
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 Abstract

 The successful proof-of-concept of a novel froth treatment process for bitumen 
recovery from oil sands by surface mining has demonstrated the existence of a transition 
region, in which the paraffinic content of the solvent is intermediate of those used in 
the commercial paraffinic (PFT) and naphthenic (NFT) froth treatment processes.1 The 
operational window of the transition region is determined at 76-90 wt% paraffinic content 
of the solvent. At this range of conditions, the paraffinic solvent content is below the 
critical dilution of bulk asphaltene precipitation and essentially yields effective water and 
solids removal, as in PFT, with minimal hydrocarbon loss in the tailings by retaining the 
asphaltenes in the oil product, as in NFT. These highly desirable characteristics effectively 
combine the advantages and largely eliminate the drawbacks of NFT and PFT. Due to the 
solvent composition, the NFT and PFT proceed via the oil-water separation mechanisms 
of coalescence and agglomeration, respectively. Here, the behavior of water-in-diluted 
bitumen emulsions in the transition region below critical dilution is further investigated to 
provide deeper understanding of oil-water separation mechanism.2 Microscopic and thin 
liquid film experimental evidence shows changes at the oil-water interface, causing the 
inhibition of the coalescence and the initiation of agglomeration below critical dilution. 
Unlike the agglomeration in PFT that is driven by bulk asphaltene precipitation, the 
agglomeration in the transition region is attributed to surface asphaltene precipitation, 
initiated by the formation of gel-like structures in the contact zone of adjacent water 
droplets (Figure 1). The newly defined surface asphaltene precipitation state and 
proposed mechanism challenge the conventional understanding that bulk asphaltene 
precipitation drives both agglomeration and effective oil-water separation. In addition, 
evidence of a reverse oil-in water emulsion and fine mineral solids suspended inside the 
emulsified water droplets highlights the complexity of water-diluted bitumen emulsions 
and emphasizes the importance of understanding water-in-oil emulsion behaviour, not 
only in terms of the oil-water separation process but also for the water treatment and 
recycling processes.
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Abstract

 Due to the affinity between bitumen and the organic solvents, non-aqueous extraction 
(NAE) of bitumen is a viable method with high bitumen recovery, and reduction of tailing 
ponds and overall water consumption. However, solvent recovery from the extraction 
gangue presents its challenges, and the use of high-boiling-point solvents reduces 
the solvent recovery from large volumes of extraction gangue. A significant number 
of fine solids and clays migrate to the dilbit, rendering the bitumen product unsuitable 
as direct feed to high conversion refineries and requiring energy and capital-intensive 
downstream operations such as upgrading prior to refining. The fine particle size and 
the partial hydrophobicity of the fine solids limit conventional separation methods such 
as gravitational or centrifugal settling followed by filtration from being cost-effective. The 
uniformity of the bituminous layer on the clay’s surface has been studied, providing strong 
evidence of a non-uniform layer. It was found that even at high adsorption densities the 
bitumen coating is patchy and discontinuous. Due to the heterogeneity of the bitumen 
coating onto the fines, hydrophilic patches are found and targeted with a small drop 
of water for settling [1]. This study focuses on water-assisted settling, therefore, the 
interactions between bitumen-coated fine solids, water and organic media are investigated. 
Dissolved inorganic salts in water could influence the settling and flocculation behavior 
of fine clays. In aqueous media, fine solids are more stable in suspensions containing 
monovalent cations than with divalent cations. Figure 1 shows the changes in the size 
distribution with the addition of Ca+2 (A-B) and Na+ (C-D) containing water to a 20:1 
solvent-to-bitumen dilution, . Aggregate size distribution does not shift to the left with the 
first increments of Ca+2. Higher Ca+2 content values (4-5mL) results show higher counts in 
the medium size aggregate range. The changes in the size distribution with the addition 
of monovalent cations (Na+) showed aggregate size distribution significantly shifts to 
the large aggregate range size (>50 µm) as Na+ content is incremented gradually. This 
could be explained by size of the Na+ ions, which is smaller than Ca+2. A smaller size of 
the ions could mean a stronger higher probability of interactions with hydrophilic patches 
in the surface of bitumen coated clays. Understanding water chemistry in water-assisted 
settling, to increase settling rate with the formation of larger stable aggregates brings us 
a step closer to rendering NAE as a viable environmentally friendly and cost-effective 
method for bitumen recovery from the Alberta oil sands.
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Figure 1. FBRM measurements of the effect of the addition of cation containing 
water in cyclohexane diluted bitumen (~ 0.6 wt% solids). A-C) No weight and B-D) 

square weighted size distribution.
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Worldwide on average for each barrel of oil 4 barrels of water are produced. This water 
will need to be treated to remove constituents that may either harm the environment 
during discharge or harm reinjection processes. The surface active nature of many oil 
field chemicals are key to the specific intended performance e.g. demulsification or 
corrosion inhibition. It is known from the industry that combinations of different chemicals 
whilst having good performance in the intended process step can have adverse effects 
in other processes such as produced water treatment. E.g. by nature a water in oil 
demulsifier (DE) will potentially be able to stabilize oil droplets in water when partitioning 
into the water stream leaving the oil-water separator. Optimization of chemicals are often 
performed by bottle tests. However, these tests report on bulk phase behavior, but cannot 
reveal the microscopic behavior at the droplet length scale. The latter can be observed 
using microfluidic experimentation. Herein we report a series of microfluidic experiment 
of oil droplets in water in the presence of various production chemicals, model chemicals 
and realistic combinations of chemicals added to either the oil phase or the water phase. 
We observe significant increase in droplet stability and may by this fast method create 
phase diagrams for chemical dosage optimization. The droplet stabilization occurs by 
creation of repulsive interfacial films constituting both natural compounds and the oil 
field chemicals. Both model oil and a downhole sampled crude oil was investigated 
allowing us to investigate the impact of natural surfactants. As an example we observe 
that beyond 2 ppm of DE droplets are increasingly stable and dependent on the oil 
type. Further addition of corrosion inhibitors to this system shows market effects on 
the stability and could lead to slug flow in the water treatment system and hence poor 
hydrocyclone performance. In order to model and quantitatively explain the observations 
we have incorporated the hydrophilic-lipophilic deviation (HLD) approach by Salager et 
al. (1). We further used dynamic interfacial tension to understand the interfacial behavior 
of the blends of chemicals. The approach taken herein explains the action of the different 
chemicals and different dosage in the system, and may provide guidelines of dosage 



79

of chemicals in the process to increase removal of dispersed oil in the produced water 
treatment. 

Figure 1. Effect of demulsifier concentration on droplet coalescence. HLD 
becomes increasingly negative leading to increased stability.

(1) Salager, J. L.; Marquez, N.; Graciaa, Alain.; Lachaise, J. Partitioning of ethoxylated 
octylphenol surfactants in microemulsion-oil-water systems: Influence of temperature 
and relation between partitioning coefficient and physicochemical formulation. 
Langmuir. 2000, 16, 5534–5539.
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Abstract

 Produced water is a major byproduct in oil production and the largest waste stream 
generated in the petroleum industry. Gas flotation has proven to be an efficient topside 
separation technology that generally reduces the oil concentration to <25 ppmv1. 
Nowadays significant attention is given to subsea production and processing, and gas 
flotation is a strong candidate for subsea produced water treatment. The higher absolute 
pressure and a higher temperature will result in lower viscosity and higher density 
difference, which should enhance the separation. Moreover, the higher pressure could 
prevent the increase of pH and the subsequent partitioning of acidic species or their 
adsorption at interfaces. In the literature, gas flotation at high pressures has not been 
thoroughly investigated, as many research groups used ambient conditions to test their 
systems. To the best of our knowledge, only Zhao et al.2 performed and published gas 
flotation experiments at the relevant seabed conditions using a Compact Flotation Unit 
(CFU) module. 

Here, a laboratory-scale high-pressure and high-temperature gas flotation set-up has 
been built (Figure 1). Gas flotation and gravity separation tests up to 80 bar and 80°C 
with synthetic produced water have been performed, to study the impact of pressure 
and temperature on the separation process. Initial gravity separation results show that 
pressure itself can have a considerable impact on the separation. For example, when 
working at 20 bar we observed an increase of 40% in the separation, compared to ambient 
conditions. To complement these studies, microfluidic methods to study the drop-bubble 
attachment efficiency and the drainage time have been developed. With these methods 
it is possible to follow the entire attachment event, from the drop-bubble encounter to the 
oil spreading on the gas bubble (Figure 2). Combining the data from the two approaches 
is expected to provide useful information about the larger scale flotation processes.
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Abstract

 Produced water (PW) is a worrisome coproduct of offshore oil & gas extraction that needs 
to be constantly monitored, given its ecotoxicity. Dispersed hydrocarbons in produced 
water discharged into the North Sea should not exceed 30 mg L-1, as recommended by 
the OSPAR Convention. The reference method of analysis uses gas chromatography, 
which is time-consuming, expensive, and fails at determining the most toxic oil-derived 
components: dissolved species, mainly aromatic hydrocarbons. In this scenario arises 
the need for cheaper and faster methods, and those based on fluorescence spectroscopy 
have attracted a lot of attention. Calibration with oil in water/isopropanol samples is a 
very often recommended trick to overcome the creaming of dispersed oil and obtain 
more reproducible measurements under static conditions. Although isopropanol does not 
present fluorescence, the aim of this work was to investigate if the emission from crude 
oil in water could be affected by the addition of isopropanol. Our data set comprised 
182 samples of crude oil in water/isopropanol mixtures, with oil concentrations varying 
from 42 to 1000 mg L-1 and isopropanol mass fractions in the mixtures ranging from 0 
to 1. Emission spectra of these samples were measured between 320 and 580 nm, with 
excitation at 300 nm, from which the following features were extracted: highest emission 
peak position, highest emission peak intensity, and the integrated area under emission 
spectrum. Those spectral features were used as input for Principal Component Analysis 
(PCA), which is an exploratory data analysis method that decomposes the originally 
measured variables into uncorrelated new variables called Principal Components (PCs). 
The scores plot (Figure 1-A) shows the projections of the samples onto the PCs axes, 
whereas the loadings (Figure 1-B) present the relationship between the original variables 
and the PCs. We could observe that the samples tend to cluster into three groups, 
according to their variability in spectral features. The isopropanol content in each mixture 
and, consequently, the dielectric constants were found to be the main underlying factors 
that drive the shape and intensity of emission. Additional experiments indicated that, for 
different isopropanol contents in the mixture, changes in oil concentration seem to be 
irrelevant to variations in emission intensities. We noticed that crude oil presents different 
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quantum yields in different water/isopropanol proportions, thus one should be very careful 
to use isopropanol in calibration samples to quantify oil in PW, as the emission intensity 
showed to be more correlated to isopropanol content than to oil concentration itself.

Figure 1. PCA (A) scores and (B) loading plots of emission spectra features 
of crude oil in water/isopropanol mixtures. Scores are colored according to 

isopropanol mass fraction.
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Abstract

 Chemical enhanced oil recovery (cEOR) is an efficient and proven technique to improve 
oil recovery factor (Manrique, 2017; Gbadamosi, 2019). Water-soluble polymers and 
surfactants are commonly used to modify the water properties to improve the volumetric 
sweep efficiency. However, it is expected that residual concentrations of these additives in 
the production fluids, affect Water/Oil (W/O) emulsions behavior, and the quality of these 
two phases (Argillier, 2013 and 2018; Hua-Xing Chen, 2015; Al Kalbani, 2014). This study 
aims to evaluate the rheological and colloidal properties of W/O emulsions as a function 
of the water-oil ratio and the residual concentration of three different polymeric additives 
(Block Copolymer Surfactant, HPAM-ATBS co-polymer, and SiO2-HPAM Nanohybrid). 
The effect of these three variables (polymer type and concentration, and water-oil ratio) 
on the emulsions was studied by measuring their viscosity, droplet size distribution, 
water content, and morphological properties as a function of time. The compatibility with 
common demulsifies was also evaluated. The study was performed in two stages. In 
stage 1 (well conditions), two additive concentrations (20-40% of polymer concentration 
injected) and three water-oil ratios (50, 70 y 90%) were used to run the experiments. In 
stage 2 (surface conditions), the experiments were performed at a fixed water-oil ratio of 
70% and up to three additive concentrations (10-30% of polymer concentration injected).

At well conditions, higher residual polymeric additive concentration reduced the water 
content in the W/O emulsions. The droplet size of the emulsions containing residual 
polymeric additives decreased (<15 μm), in comparison with the control sample (W/O 
emulsion without the additives, >15 μm) under all experimental conditions. Also, the 
colloid microscope images showed heterogeneous and possibly unstable emulsions. 
The residual polymeric additives did not change the Newtonian behavior of the W/O 
emulsions but decreased their viscosity. Additionally, these additives increased the 
oil and grease content and the turbidity of the aqueous phase. All these effects were 
attributed to the low incorporation of the aqueous phase into the oleic phase due to their 
viscosity increment by the polymeric additives. At surface conditions, higher residual 
polymeric additive concentration reduced the phase separation time, decreased the oleic 
phase viscosity due to the reduction of the water content, and affected the aqueous 



84

phase quality as was observed at well conditions. The results provide a novel approach 
to understanding the residual polymer effects as a correlation between morphological 
properties and bulk properties of W/O emulsion
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Abstract

 The presence of asphaltenes in crude oil is a key factor in stabilizing water-in-crude oil 
emulsions. Recently, we have shown that changes in asphaltenes molecules aggregation 
have a definite effect on the formation of an elastic and highly resistant film that stabilizes 
such emulsions. It is known that using the HLDN = 0 equation to select a demulsifier 
adequately is crucial to warrant the emulsion breaking [1], [2]. Herein, we are reporting 
asphaltenes aggregation changes by using two different methods. First, with a Quartz 
Crystal Resonator sensor [3], clear changes in the oscillation parameters (Df and DG) of 
the quartz sensor fully immersed in asphaltene + cyclohexane solution were observed 
when the asphaltene concentration in the solution reaches approximately 1,000 ppm. And 
secondly, using an Oscillating Spinning Drop Interfacial Rheometer, a clear discontinuity 
of the trend of optimum formulation is found when the asphaltenes content CA attains this 
threshold value [4]. This abnormal event takes place with two very different demulsifiers, 
e.g., a non-ionic and an extended anionic one [5], as seen in Figure 1 right plots, where 
the break in continuity occurs along the concentration range indicated with the arrows. 
Thus, it is seen that the asphaltene concentration CA generates an unexpected sudden 
formulation change at the interface, according to Winsor’s and HLDN premises. This is 
clearly compensated by a change in another formulation parameter to attain the optimum 
(e.g., type of surfactant or salinity). These newly reported results could help in reaching 
a further understanding of how the asphaltene aggregation models [6], [7] and the HLDN 
equation [1] can be tools for the formulator to find fast and efficient answers to crude oil 
dewatering.
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Abstract

 In recent years, drilling muds modified with graphene oxide and different nanoparticles 
have been studied and have demonstrated great effectiveness in several mud systems 
improving properties such as rheology, filtration control, shale inhibition, electrical and 
thermal conductivity, magnetism, and contaminant removal. Nevertheless, there are 
few implementations of nanomaterials in mud systems specifically design for depleted 
reservoirs. For this reason, this research work aims to evaluate the experimental 
performance of zinc oxide and magnetite nanoparticles functionalized in graphene oxide 
nanosheets when added in a drill-in type drilling fluid. To achieve this, two different calcium 
carbonate-based drilling muds were selected as the base fluids. Mud A, which contains 
1.5 ppb of PACL and Mud B, with 3.0 ppb of it. Nanomaterials were synthesized in the 
laboratory using industrially scalable methods. Graphene Oxide (GO) was synthesized 
based on the modified Hummer’s method described by Tour et al. (2010) with an oxidation 
time of 24 hours. The synthesis of the magnetite- graphene oxide nanocomposite (OG-
Fe3O4) consists of the partial oxidation of Fe+2 in the presence of graphene oxide. Zinc 
oxide-graphene oxide nanocomposite (OG-ZnO) is synthesized by sol-gel method. 
These nanomaterials were characterized using UV-Vis, XPS, XRD and SEM techniques. 
From UV-Vis spectra, GO showed a peak in the signal at 228 nm, as well as a “shoulder” 
or a change in concavity at 300 nm. On the other hand, OG-ZnO presented a peak at 
369 nm. Finally, OG-Fe3O4, presented a peak or local maximum, in the signal of 239 
nm. It should be noted that the composites, despite having the presence of graphene 
oxide, only presented the characteristic signs of their metal oxide. From XPS, it was 
noticed a reduction of the hydroxyl functional group in peak C1s of the nanocomposites 
compared to pristine GO. From X-ray crystallography it was observed that GO presents 
an intense signal at 9.9°, which is a characteristic signal of these structures. OG-ZnO 
presents 6 peaks, which correspond to the hexagonal structure of Wurzite. Additionally, 
the magnetite composite presents 8 peaks corresponding to its octahedral structure. 
Rheological properties and API filtration volume were studied for the based muds and 
the drilling fluids reinforced with nanomaterials following API 13B-1 standard. The results 
showed that pristine GO exhibited the best results overall. Filtration was decreased up 
to 38% and rheological properties such as plastic and apparent viscosities increased up 
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to 29 and 35%, respectively. On the other hand, OG-ZnO nanocomposites, presented a 
decreased of up to 23% in filtration volume, whereas rheological properties diminished 
up to 18%, for this reason, the decrease in filtration can be attributed to their nanolaminar 
morphology. Finally, OG-Fe3O4 presented a slight decreased in filtration volume (less than 
5%), while rheological properties also increased very slightly. Therefore, it is concluded 
that GO and OG-ZnO can be favorable nanomaterials when added into a drill-in mud due 
to their improvement in filtration properties.

Figure 1. SEM micrograph of Graphene Oxide – Magnetite nanocomposite.
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Abstract 

Asphaltene deposition is a petroleum production problem that threatens the production 
of crude oil. Considered the heaviest and the most polar fraction of crude oil, asphaltenes 
can precipitate and deposit in the near-wellbore region, production tubing, and surface 
facilities, because of changes in pressure, temperature, and/or composition. Asphaltene 
deposition can cause significant downtime and require costly interventions, which many 
times offer only a partial and temporary solution. Strategies to mitigate asphaltene 
deposition via down-hole chemical injection have not always been successful and 
sometimes have even aggravated the problem. 

In this presentation, I will share my experience and main findings of the last fifteen years 
of conducting research, development, and practical applications related to asphaltene 
deposition prediction, mitigation, and remediation. I will discuss some of our case studies 
in which we have successfully implemented a series of laboratory techniques to quantify 
the extent and kinetics of asphaltene precipitation, aggregation, and deposition, and to 
determine the performance of chemicals for asphaltene inhibition and remediation. I will 
also present our most advanced simulation methods, including a unique combination 
of sound physical models with the power of machine learning algorithms. In addition 
to providing practical solutions to long-standing asphaltene deposition problems, I 
will conclude my talk with our contribution to utilizing asphaltenes as inexpensive and 
abundant precursors of carbon-based nanomaterials.
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Abstract

 Viscosity is one of the most key properties of crude oil since it determines the flow 
porous media capacity, forecasting oil reservoir production profiles, design of facilities, 
transport equipment, and pipelines.1 Therefore, the viscosity estimation of crude oil 
is crucial due to large viscosity changes by temperature, pressure, and composition 
variations. In this sense viscosity models are helpful since direct measurements of 
this property, for each crude oil, at all conditions of interest are not practical.2 Although 
different approaches for viscosity calculation are available in the literature, the semi-
theoretical models are the most used in the oil industry. Within this framework, the most 
applied models for oil viscosity calculations include corresponding states 3-5, expanded 
fluid 6-8 and f-theory model.9-11

In this study, the predictive capabilities of three compositional viscosity models are 
tested against experimental data for different Colombian heavy oil (HO) and extra-heavy 
oil (EHO). For each of the fluids a cubic equation of state was fitted with experimental 
PVT data. The three viscosity models studied work for the whole range of pressures 
(Single Phase and Two-Phases) at different temperatures and compositions.

For the f-theory model, the parameter Kv was adjusted to dead oil density (°API), while 
Kz and Kc were adjust to experimental viscosity data. Subsequently, these adjusted 
parameters were related to macroscopic properties such as ºAPI and GOR, to obtain 
correlations applicable for EHO, which allowed the generation of a predictive model that 
doesn´t require any experimental data. For HO applications, only a single viscosity point 
is required to fit the model to different pressures and compositions.

The expanded fluid model was fitted using a multiplier for the C2 parameter of the 
heavy fractions, without finding clear trends between the multiplier (model fit) and the 
properties of the reservoir fluids. For that reason, for different Colombian HO and EHO 
only a single viscosity data is required to fit the model.
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Although different fluids, such as methane, decane and eicosane, have been used 
as reference fluids in the corresponding states model for viscosity calculation, four 
different fluids that have not been previously studied (hexane, octane, dodecane and 
hexadecane) are proposed. The density and viscosity models of these fluids were taken 
from the literature. The model was fitted from a multiplier. For the different crude oils, just 
a single point is required to fit the model to different pressures and compositions. From 
the tuning, the best reference fluids for the EHO are octane and dodecane, while hexane 
and octane are the best for HO. 

Figure 1 shows that the best model for calculating the viscosity of Colombian HO 
and EHO is the f-theory; this is because this model has a solid theoretical framework 
based on the principles of friction of the classical mechanics and the fluids theory of van 
der Waals. Based on this work, it’s possible to calculate the viscosity of EHO without 
using experimental data with an average relative deviation of less than 15%. For HO a 
minimum experimental data is required for tuning the three compositional models.
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Abstract

 The prediction of production losses due to emulsion formation is a tool used both 
in the project stage and in production management. However, rheological modeling 
of emulsified fluids is a challenge. This work aims to present how digital solutions in 
the Exploration & Production (E&P) segment can automate the process of prioritizing 
producing wells for the continuous application of chemicals, improving the simulations of 
multiphase flow of emulsions and oils using Artificial Intelligence for mapping rheological 
analysis of produced fluids, to predict their properties throughout the production life cycle 
and to quantify the financial gain by anticipating revenue and generating value. 

The Petrobras Research Center (CENPES) performs rheological characterization 
analyses of field emulsions for wells that require more accuracy in terms of flow 
simulations. The analyses demand a long logistic and execution time, in addition to the 
costs involved in the transport and the laboratory test itself. On the other hand, the results 
allowed the creation of an extensive rheology database including several wells from the 
basins produced by Petrobras at different temperatures, water cuts, and shear rates. 
This database is used in a machine learning framework, which produces a model that 
allows Artificial Intelligence to infer emulsion viscosity as a function of input parameters, 
such as API gravity, water shear and dehydrated oil viscosity. This model is tested with a 
large amount of oils from different reservoirs, in a wide range of API gravity, presenting 
an adequate average absolute percentage error (Figure 1). Furthermore, the result 
preserves the expected physical behavior for the emulsion viscosity curve. Consequently, 
this approach eliminates the need for frequent sampling, which means lower logistical 
costs and faster action in the decision-making process regarding the injection of flow 
improvers. Furthermore, by incorporating the AI   model into numerical flow simulation 
software, the overall flow model can more reliably estimate production curves due to 
better representation of rheological fluid characteristics.
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Due to the low cost of implementation and operation, this technological solution has 
great relevance and attractiveness, as it enables the increase of production in mature 
fields located in deep waters, with a direct impact on the profitability and production 
efficiency of these fields.

Figure 1. Typical behaviour of emulsion as a function of water cut for a fixed 
temperature. Points used for training are indicated in red, whereas points used 
for test are indicated in black. The AI Model curve (in blue) presents emulsion 

breakage at 70% water cut.
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Abstract

The asphaltene fraction has been widely studied due to its impact on oil production, 
transport, and refining.1 This oil fraction can promote a drastic reduction of oil production 
due to asphaltene precipitation and deposition damage.1,2 Therefore, screening models 
to predict the risk of asphaltene damage are useful to prevent production drops and to 
optimize the management of the oil resources.1 Several screening models have been 
focused on the oil compositions (SARA analysis) since the asphaltenes were defined as 
the heaviest oil fraction which is soluble in aromatics solvent (as toluene) and insoluble 
in short-chain aliphatic (as n-heptane and n-pentane) 3,4. The asphaltene stability index 
(ASI), the colloidal instability index (CII), qualitative-quantitative analysis (QQA), stability 
cross plot (SCP) can be cited as the most conventionally used screening models based 
on the oil SARA composition.1 However, these screening models cannot consider key 
variables for the asphaltene stability as the temperature, pressure, well-depth, and gas-
oil ratio (GOR). In this sense, the Boer plot method offers a very interesting formulation 
because it considers the driven force of asphaltene precipitation (undersaturation 
degree, i.e., the difference between reservoir pressure and the bubble point) and the live 
crude oil density.1 This last property can encompass the omitted variables in the SARA-
based screening models since the live crude oil density is a function of the pressure, 
temperature, and composition (e.g., GOR variations).4 Hence, two crude oils that have 
different densities, at reservoir conditions, could have a dissimilar risk of asphaltene 
precipitation and still have similar SARA composition.

In this study, a machine learning (ML) model based on support vector machines 
(SVM) was proposed to predict the asphaltene damage risk from the asphaltene stability 
class index (ASCI) data and the in-situ live crude oil densities. Unlike the de Boer plot, 
this model uses an estimation of the asphaltene aggregation ability. Since, the ASCI 
evaluation considers the structural characteristics of asphaltenes from their intrinsic 
solubility and the dispersing capacity of maltenes in crude oil, simultaneously. In total, 24 
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crude oils were evaluated experimentally, 18 of them were used for training the ML model 
whereas the other 6 fluids were used as validation data, obtaining a perfect classification 
accuracy (100%). The results were compared with compositional screening, being the 
classification accuracy of 29% for the resin/asphaltene ratio, 28% for ASI, 64% for CII, 
and 98% for de Boer plot. Therefore, the use of ASCI values allows for more accurate 
predictions and more reliable classification. In addition, a novel evaluation parameter was 
proposed, based on the percentage reduction of the absorbance in each vial, allowing to 
obtain a quantitative determination instead of a qualitative evaluation based on visually 
observing the precipitated “solid” material. Finally, a compositional comparison between 
the samples that precipitate and those that do not precipitate asphaltenes was carried 
out to determine the key factors that promote or prevent this phenomenon. The model 
proposed contributes to predicting the potential risk of damage due to asphaltene 
precipitation, allowing to take the necessary preventive measures to avoid the oil 
production declination.
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 Abstract

 Compositional changes in hydrocarbon reservoirs due to gravity have been described 
with various assumptions and thermodynamic models in recent literature. Empirical 
modifications of plus-fraction properties with depth, and asphaltene grading calculations 
using simplified representations of a polymer-solvent system are some of the tools 
proposed. Here, we show that an equation of state for the reservoir fluid and a continuous 
description to the composition of the heavy ends (including the asphaltene fraction) 
suffice to develop a unified model that equally predicts: the reservoir fluid segregation, the 
location and extent of GOC/WOC/ and tar-mat contacts, two and three-phase saturation 
pressures, and hydrostatic reservoir pressures without the need of further assumptions. 
We first present the thermodynamic basis of compositional grading in continuous or 
semicontinuous mixtures, and show how a model-implicit update of the plus-fraction 
properties with depth (including asphaltene molar mass) suffices to perform accurate 
predictions. Sample calculations are presented for a reservoir fluid column undergoing 
GOC/WOC/and tar-mat transition regions at constant temperature.
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Abstract

 Wax crystallization in low temperature conditions creates significant flow assurance 
problems during oil production. Several techniques, such as differential scanning 
calorimetry (DSC) or gas chromatography/mass spectroscopy (GC/ MS) are currently 
being used for quantifying wax precipitation 1 2. Low field nuclear magnetic resonance 
techniques have rarely been used for analyzing wax crystallization, despite early studies 
showing their ability to track the rate of precipitation. Previous advances have shown 
the applicability of the NMR CPMG (Carr-Purcell-Meiboom-Gill) sequence to measure 
the wax content in model systems 3. However, the accuracy of the results remained to 
be tested in crude oil systems. This study builds on literature findings and presents two 
novel, improved NMR methods, adaPTEd for the quantification of wax precipitation in 
real systems. The techniques use FID (Free Induction Decay) and CPMG sequences. 
Both of them allow to quantify a signal that is proportional to the liquid wax content after 
renormalization. DSC was also used as a reference method for wax content quantification. 
Model system analysis showed a high degree of consistency between the three methods 
in toluene-based wax solutions and also generated a thorough comparison between 
the behavior of different types of waxes (macrocrystalline and microcrystalline). For real 
systems, consistent results were obtained with the three methods for crude oils with high 
wax content (Figure 1), but an accurate comparison between different systems can be 
performed for oils with wax concentrations as low as 2% at 0°C. A significant advantage 
of NMR is the very low cooling rate (0.2°C/minute), inaccurate for DSC, facilitating the 
determination of data, closer to the equilibrium state. Moreover, the only assumption for 
NMR is the calculation method used for the conversion of solid proton fractions to actual 
wax weight fractions. For DSC, however, several thermodynamic assumptions need to 
be considered: constant standard latent enthalpy of wax with temperature, proportionality 
between the peak heat and the crystallized wax mass, as well as baseline determination. 
The NMR methods could also be used to assess the effect of the addition of wax inhibitors, 
such as pour point depressants, in crude oils. The determination of the solid content can 
provide the ground for the creation of more robust flow assurance methods.
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Figure 1: Comparison of CPMG, FID and DSC solid fraction evolution for a 
selected crude oil from the Norwegian shelf
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Abstract

 Once a potential for wax deposition has been identified during FEED effective 
mitigation strategies with and without the use of production chemicals are designed and 
implemented in the respective operational procedures. However although the industry 
is many decades of experience in handling waxy crude oils are continuous challenge 
remains in the understanding of physical property and compositional data generated 
by different laboratories on a global basis using a variety of in-house test procedures 
or various international standards. In addition in many cases the original data used for 
the early design may have been generated years or even decades ago. This poses a 
significant challenge for the design team as not only test conditions may not be well 
documented but also in many cases the sampling procedure of the original fluids is 
unknown.

To illustrate these challenges and to provide a guideline on the best way to utilise historic 
data and aligning it with data generated by current state-of-the-art experimental designs 
this paper details the evaluation process and experimental assessment performed under 
field conditions exemplified on examples from onshore field located in northern Germany.

Following a review of historical data new tests were performed with a novel fibre-
optic detection system for the onset of wax crystallisation, wax deposition was assessed 
utilising a solid deposition cell with a wider operational envelope in contrast to the 
traditional cold finger setup and the option to evaluate chemical performance in presence 
of variety of surfaces representing different pipeline materials and ages as well as 
variations in pressure/temperature and cooling. This enabled the evaluation of a wide 
variety of changes in system conditions to be studied and resulted in an effective strategy 
to address the flow assurance risks.
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Abstract

Carbon capture and sequestration processes can use the infrastructure of 
unconventional EOR projects targeting organic-rich source rocks and use the existing 
fluids separation and injection technologies. Accordingly, source rocks, such as shale, 
have unique petrophysical properties that facilitate the storage of large amounts of gas, 
such as methane and carbon dioxide (CO2), at high pressure. Several laboratory methods 
have previously been developed to measure the storability of gases such as methane 
and CO2 in shale. In this presentation, I will visit the idea of using source rocks for carbon 
sequestration by applying an existing gas storage method. My target is to contribute to 
the current global efforts to maintain the earth’s temperature from rising by 2°C by 2050. 
Based on experimental results, I show that sequestration in North American source rocks 
should suffice to reach to this target. Barnett shale alone, including in my calculation 
the total (both developed and not-yet developed) acreage, has the capacity to store 
hundreds of giga-tons of CO2. The Marcellus and Utica shales in the Appalachian basins, 
on the other hand, are a massive storage unit with a carbon sequestration capacity of 
1,000 gigatons, i.e., 1 tera-ton. This is mainly due to the potential of the organic material 
in source rock to store carbon dioxide in sorbed states. I will compare these results to La 
Luna formation and conclude that the source rocks as volumetric storage units have a 
significant capacity for the carbon sequestration.

In the second part of the presentation I will focus on the CO2 stripping effect of liquid 
hydrocarbons in organic-rich source rock. Recent molecular-level simulation studies 
using hydrocarbon mixtures in pore models revealed that compositional variation caused 
by selective adsorption and nanoconfinement significantly alters the phase equilibrium 
properties of fluids. One important consequence of this behavior is capillary condensation 
and the trapping of hydrocarbons in organic nanopores. Pressure depletion produces 
lighter components, which make up a small fraction of the in-situ fluid. Equilibrium 
molecular simulation of hydrocarbon mixtures was carried out to show the impact of 
CO2 injection on the hydrocarbon recovery from organic nanopores. CO2 molecules 
introduced into the nanopore led to an exchange of molecules and a shift in the phase 
equilibrium properties of the confined fluid. This exchange had a stripping effect and, 
in turn, enhanced the hydrocarbon recovery. Diffusing CO2 into the nanopores and 
the consequential exchange of molecules were the primary drivers that promoted the 
recovery, whereas pressure depletion was not effective on the recovery.
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Abstract

Steam injection is a thermal Enhanced Oil Recovery (EOR) technology to develop 
heavy and extra heavy crude oil reservoirs worldwide. However, oil price volatility, 
trends in energy transition, and steam injection carbon footprint are factors limiting 
the commercial deployment of such technology. In response to these new challenges, 
hybrid steam methods such as cyclic steam stimulation (CSS) with preformed foam have 
become energy and environmentally efficient technology revitalizing mature wells in 
Colombia. Since mid-2019, six field tests of preformed foam injection before the steam 
cycle have been implemented. The objective is to generate divergence in the steam 
injection to contact unswept zones with high oil saturation, allowing the optimization of 
the CSS processes in mature wells (> 10 cycles) of a heavy oil field located in the Middle 
Magdalena Valley (MMV) [1]. The technology includes injecting the foaming agent with 
nitrogen as non-condensable gas using a specially designed wellhead mixer that can 
generate a stable foam at the surface and inject it as a diverting agent before the steam 
cycle is injected [2].

Since waterflooding enhanced oil recovery is considered as a mainly physical process, 
minimal attention is paid to the detailed chemistry of production water before and during 
EOR field applications [3]. Water injection studies have made some efforts to characterize 
inorganic water-soluble species and their effects, ignoring the content and nature of 
the organic species that are soluble in water. Despite the generally non-polar nature of 
oil, some heteroatoms containing compounds exhibit a considerable solubility in water 
[4]. The characterization of such crude oil fraction, known as organic dissolved matter 
(DOM), becomes important for the oil industry since its composition is closely related to 
environmental consequences [5]. At the same time, its composition holds outstanding 
information for geochemical studies, production allocation, and reservoir engineering 
[6]. DOM is considered an unresolved crude oil fraction composed of a wide variety of 
chemicals, including naphthenic acids (NAPS) [6]. It is well known that about 3%Wt of 
some crude oils may correspond to acidic species, where NAPS are highly abundant 
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[7]. Conventional DOM analyses include oxygen demand tests (DQO), elemental 
composition (EA), and different spectrophotometric properties [8]. Gas chromatography 
coupled to mass spectrometry (GC-MS) and more recently ultra-high resolution mass 
spectrometry (FT-ICR-MS) coupled to low-voltage ionization (ESI) has proven to be 
useful to provide detailed compositional information on volatile fractions (low molecular 
weight compounds) and non-volatile fractions (high molecular weight compounds) of 
petroleum [9], including DOM [4,6]. However, little has been explored on developing 
quantitative methodologies for species present in DOM and its application in industrial 
processes, such as EOR associated water from Low Salinity (SmartWater) waterflooding 
[10] to thermal EOR such as CSS.

In the present work, the non-volatile water-soluble fraction or DOM obtained from 
production water associated with preformed foams CSS processes were analyzed 
through high and ultra-high mass spectrometry. Using ESI FT-ICR MS, six naphthenic 
acids were identified and selected as potential natural tracers. Subsequently, the DOM 
fractions were analyzed via ESI MSMS, through which semi-quantitative concentrations 
of these compounds were established for the different waters analyzed. The results 
show that the DOM components concentration monitored through ESI-MSMS allows 
correlating the changes during the cycles of steam+foam injection with the increases/
decreases of oil production observed on the surface. This information is relevant for the 
cyclic steam injection success and the development of mature heavy oil fields. It also 
opens the possibility of using natural water-soluble tracers in future non-thermal EOR 
technologies and reservoir geochemistry.

(1) SPE 199104 & SPE 209399. (2) Prada, H. et. al. Application CONC2019/0009535A 
events. (3) Yildiz, H. O.; Morrow, N. R. J. Pet. Sci. Eng. 1996, 14 (3−4), 159−168; (4) 
Stanford, L.A. Kim, S. Klein, G.C. Smith, D.F. Rodgers, R.P. Marshall, A.G. Environ. Sci. 
Technol. 2007, 41, 2696-2702; (5) Liu, Y. Kujawinski, E.B. PLoS ONE 10(9): e0136376. 
(6) Gonsior, M., Zwartjes, M., Cooper, W. J., Song, W., Ishida, K. P., Tseng, L. Y., & 
SchmittKopplin, P. Water research, 2011, 45 (9), 2943-2953. (7) Jones, D. M.; Watson, 
J. S.; Meredith, W.; Chen, M.; Bennett, B. Anal. Chem. 2001, 73, 703- 707. (8) Leenheer, 
J.A, Crou’e, J.P. Environ. Sci. Tech. 2003; 37: 18A. (9) Aeppli C, Carmichael CA, Nelson 
RK, Lemkau KL, Graham WM, Redmond MC. Environ Sci Technol. 2012; 46(16):8799–
807. (10) Orrego-Ruiz J.A. et. al. Energy Fuels 2020, 34, 5, 5317-5330.
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Abstract

Chemical Enhanced Oil Recovery (cEOR) flooding is one of the more attractive 
methods to improve oil recovery. However, during times of instability in the oil market, 
cost of specialized chemicals and necessary facilities for alkali-surfactant-polymer (ASP) 
or surfactant-polymer (SP) make this technology very expensive and challenging to 
implement in the field. In majority of cases, polymer flooding alone has proven to be 
the most cost-effective solution that has resulted in attractive and predictable return on 
investment. In recent times, challenging economic environment has operators looking 
for added economic and sustainable savings. The possibility of re-injection of produced 
polymer to offset injection concentration requirements can lead to reduced cost and 
overall sustainability of oil recovery. This innovative approach is subject to conditions 
experienced in the surface facilities, as well as in the reservoir. As part of this study, 
different polymer chemistries were investigated for their mobility control in porous media 
and comparative effect on oil recovery trends in presence of produced fluid containing 
residual polymer. The initial fluid-fluid testing and lab characterization results were 
validated against a mature field EOR project for reduction in polymer requirement to 
achieve target viscosity. Monophasic flow behavior experiments were performed in 
Bentheimer and Berea outcrop cores, while oil recovery experiments were performed in 
Bentheimer outcrops with different polymer solutions – freshly made and combinations 
with residual produced polymer. In addition, comparative injectivity experiments with 
field and lab prepared solutions were performed in Bentheimer outcrop cores. Based on 
field observations and lab measurements, a 10-15% reduction in fresh polymer loading 
could be achieved through the re-utilization of water containing residual polymer in 
these specific field conditions. Similar screen factor measurements were obtained with 
increasing concentration of residual polymer solution. This agreed with the monophasic 
injectivity experiments in both outcrop cores that resulted in similar resistance factors for 
fresh polymer and blends with produced water containing residual polymer solution. Oil 
recovery experiments also resulted in similar oil displacement behavior (approximately 30-
40% OOIP after 0.5 PV waterflood) for fresh and blends with sheared polymer solutions, 



105

validating no loss in recovery potential, with the added benefit of 10-15% polymer loading 
reduction. 
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Abstract

 Paraffin wax deposition continues to be one of the several flow assurance challenges 
in oil and gas industry from reservoir to production tubing and transport pipelines to 
storage tanks and downstream processing facilities. Our recent works [1-3], demonstrated 
some unique behaviors of crudes containing C60+ carbon chains. Lab and field data 
point to potential formation damage because of precipitation and deposition of higher 
molecular waxes not only near wellbore but also deep in the reservoir as a well transitions 
from primary to secondary production phase or even earlier. For tight and ultra-tight 
formations, this results in a net reduction of permeability and as such a production 
decline. In this study, we have used model oil systems comprising known fractions of 
either linear or a mixture of linear and cyclic paraffin molecules up to C100 carbons 
(Figure 1). Core flooding and Amott Cell Spontaneous Imbibition tests were conducted 
on tight sandstone and carbonate reservoir rocks. NMR Studies and high-temperature 
GC analyses provided details of the nature of wax molecules present in feed and effluent 
fluids. Semi-quantitative analyses clearly showed different adsorption – desorption 
mechanisms happening for linear vs cyclic paraffin molecules, and the fact that higher 
molecular weight chains retained on the rock. It was found that use of selected glycolipid 
biosurfactants are highly effective in liberating and releasing deposited wax molecules. 
Unmatched multifunctionality of microbially produced biosurfactants offers a sustainable 
method for remediation of formation damage due to wax deposition for unconventional 
reservoirs.
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Figure 1. Wax 1 shows significant amount of cyclic CH2 groups, while Wax 2 
does not show any cyclic groups.

[1] Aguiar, J.I.S., Nerris, A.A., Mahmoudkhani, A., SPE-201297-MS
[2] Pontifes, A., Iwasiw, A., Trevino, E., Mahmoudkhani, A., SPE-208867-MS
[3] Aguiar, J.I.S., Samouei, H., Mahmoudkhani, A., SPE-204315-MS
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Abstract 

During in-situ combustion (ISC), the heat is propagated throughout the reservoir by 
igniting heavy oil (HO) by the air or oxygen-enriched gas injection into the formation 
and reducing the unburnt oil viscosity by heat transfer. Nevertheless, ISC faces several 
challenges about the combustion front instability and the increase in oil viscosity due 
to low-temperature reaction, which hinders its large-scale deployment. Because of the 
complexity of HO, the understanding of their thermal oxidation at reservoir conditions still 
has many limitations, in particular the structural factors ruling asphaltene reactivity and 
self-association, aggregation states, and cracking tendencies.

Hence, this work is interested in the theoretical and experimental study of the thermo-
oxidative decomposition of HO based on the understanding of the oxidative behaviour 
of asphaltene model molecules. First, the influence of pressure on the oxidation kinetics 
of n-C7 asphaltenes was analysed using a high-pressure thermogravimetric analyser 
coupled to a mass spectrometer. The asphaltene oxidation phenomenon was identified 
as pressure dependent and consists of four main well-defined stages, including i)oxygen 
chemisorption (OC), ii)oxygen decomposition of chemisorbed oxygen functional groups 
(DCO), iii)first combustion (FC), and iv)second combustion (SC). Six different asphaltenes 
obtained from industrial partners from different regions worldwide were robustly 
characterized and analysed at different pressures. Depending on the chemical structure 
at the end of OC, asphaltene can present exothermic and violent reactions during the 
FC-SC transition, which generates instability in the combustion front. Asphaltenes favour 
OC in turn with a high content of carboxyl and ketones groups, high content of aliphatic 
α-hydrogen linked to aromatic rings, low dealkylation degree, lower cluster diameter, 
and higher aromaticity. By molecular dynamic simulation, it was also found that ketones’ 
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formation controls the nuclei of asphaltenes’ reactivity, being more unstable at higher 
pressures.

The aggregate state’s influence on asphaltene reactivity was studied due to its 
importance on coking. For this, four aromatic solvents were used to simulate different 
aggregation states. It was demonstrated that despite aromatic core-dominated interactions 
(π-stacking) drive asphaltene aggregation, the heteroatom-based intermolecular forces 
also have a significant effect on the overall solubility and aggregation behavior. The 
thermograms show that the amount of oxygen chemisorbed increases as the asphaltene 
aggregation size decreases. The results suggest that the smaller aggregates present 
a higher surface area/volume ratio and slower growth of mass in OC and, therefore, 
higher stability at high temperatures. These findings suggest that asphaltene oxidation 
is controlled by the sequential reaction mechanisms which change under high-pressure 
conditions. It is hoped that a new landscape can be open to deepening knowledge of 
thermo-oxidation reactions of HO.
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C&UC-5

Changes in Surface Chemistry and Wetting State during Aging and 
Flooding of Carbonate Rock Studied by SEM-EDS and AFM-IR

Dmytro Mihrin1*, Ming Li1, Rasoul Mokhtari1, and Karen Louise Feilberg†1 
1Danish Hydrocarbon Research and Technology Centre, Technical University of Denmark, 

Elektrovej 375, 2800 Kgs. Lyngby, Denmark

Abstract 

 The efficiency of displacement of oil in tight reservoirs largely depends on the 
physicochemical properties of the solid-oil-water three phase system. Understanding the 
interfacial phenomena involved in fluid flow in subsurface reservoirs such as tertiary 
recovery methods and CO2 injection and is critical for developing novel processes to 
improve oil production while reducing emissions and other environmental impacts at a 
lower operating cost. Prior to conducting displacement experiments rock samples are 
typically “aged” in oil containing surface active compounds to replicate the wetting state of 
the reservoir. The wetting state is traditionally defined by contact angle changes and the 
injection profile during displacement experiments, however an improved understanding 
the chemistry that defines these surface properties can be obtained by advanced surface 
imaging and chemical analysis. This study presents an investigation of the surface 
chemistry of chalk samples from the Danish North Sea reservoirs during aging in crude oil 
and before and after core flooding. The aging process of the rock sample is investigated 
for rock samples from five different reservoirs at aging times ranging from 3 days to 9 
months. The chalk surfaces analyzed by SEM-EDS before and after immersion in crude 
oil for the selected aging periods to show the changes in elemental composition of the 
surface. The adsorption of organic material of the surface during aging is investigated 
by IR enabled AFM (Bruker NanoIR3) which indicates the distribution and qualitatively 
the amount of polar organic material which adheres to the surface. The results indicate 
an enrichment in -COOH and -OH groups on the surface, and a material richer in N 
and S compounds than elements than the crude oil. These changes are generally most 
evident after aging times longer than 2 months which is longer than generally considered 
sufficient for aging. During displacement experiments the geochemical processes result 
in a reduction of Ca after water flooding and other elements are seen to accumulate 
increase, including Si, Al, Mg, Sr, Ba and Na. The results of surface changes after flooding 
experiments for both organic and inorganic material is discussed in the context of low 
salinity water flooding in mature carbonate reservoirs.
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UPF-K

Sustainable and Versatile Upgrading of Heavy Oils from Any Origin

Dr. Pedro Pereira-Almao

University of Calgary- Schulich School of Engineering

Catalysis and Adsorption for Fuels and Energy

CTO NanosTech

Abstract 

 The much needed “meaningful transformation” required for upgrading heavy oils is 
now under way as initially announced by the author at the Petrophase 2015 (Mexico). In 
this opportunity our “walk of that talk” will be presented.

As then suggested it is anachronistic to continue giving future consideration to thermal 
upgrading as a route to conventionalization of crude oils to enter refineries. In a context 
claiming for industrial sustainability, a liquid fuel producer should phase out those 
energetically inefficient and highly polluting thermal processing technologies and the 
schemes based on rejection of streams that concentrate extremely heavy residues loaded 
with metals, sulphur and nitrogen. Their phase out currently proceed via progressive 
improvement of that practice, while sustainable compliant technologies are implemented. 
What these compliant technologies could look like will be introduced. They are essentially 
catalytic, to minimize energy consumption, making fully selective the production of fuels 
and chemicals of target, making that processing self-sustainable in hydrogen generation 
and efficient in its transfer to quality liquid fuels, completely eliminating residual streams.

The composed practice of in reservoir upgrading with surface upgrading, the versatile 
approach of a surface upgrading capable of catalytically co-processing heavy oils, bio 
oils, pyrolysis oils, spent or residual oils is the privileged path to be introduced in this 
speech highlighting the transition toward sustainability of the liquid fuels industry.
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UPF-1

Nanoparticles enhanced solvent deasphalting (e-SDA) and 
catalytic cracking oxidation of pitch

Juan David Guzmán Calle*1, Camilo Andrés Franco Ariza†2 and Farid Bernardo Cortés Correa3

1-3Universidad Nacional de Colombia, Medellín, Colombia 

Abstract

 The energy landscape and the technical alternatives to supply the growing energy 
demand have made the oil and gas industry focus on heavy and extra-heavy oils. 
However, the production, transportation and refining processes for this kind of hydrocarbon 
bring significant technological challenges. In this scenario, the enhanced solvent de-
asphalting (e-SDA) process was proposed as highly innovative nanotechnology to 
improve deasphalted oil (DAO) quality and catalytic pitch conversion, as shown in Figure 
1. There was proven that the presence of nanoparticles generates DAO samples with 
lower asphaltene and sulfur content (reduced in 24 and 23% respectively), higher °API 
(increased in 14%) and distillable fraction, and with lower expected viscosity values 
than those obtained with the traditional solvent deasphalting process (SDA), showing 
reductions near to 50%. The catalytic decomposition of the pitch or residue there was 
also potentiated by the presence of nanoparticles optimized, reducing the temperature at 
which this process occurs. In this sense, its isothermal catalytic conversion was evaluated 
for the e-SDA pitch obtained with the optimized nanoparticles. At 340 °C, there was 
achieved a total conversion of the pitch, while for the virgin pitch, it can be reached less 
than 60 % of conversion at 390 °C. Finally, the e-SDA process generates more gases 
helpful in generating energy or being used in enhanced oil recovery methods.
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Figure 1. Schematic diagram of the e-SDA process. AdaPTEd from [1]

[1] J. D. Guzmán, C. A. Franco, and F. B. Cortés, “An enhanced-solvent deasphalting 
process: effect of inclusion of SiO2 nanoparticles in the quality of deasphalted oil,” 
Journal of Nanomaterials, vol. 2017, 2017.
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UPF-2

Root solution to replace naphtha for dilbit crude production in 
Colombian Llanos region using upgrading technologies

David J. Pérez-Martínez*†1, July C. Vivas-Baez1, John A. Buendia-Garcia1, Juan E. Torres- Macias1, 
and Luis J. Hoyos-Marin1

1Centro de Innovación y Tecnologia ICP, Ecopetrol S.A, Km 7 vía Piedecuesta, Piedecuesta 
(Santander), Colombia

Abstract

 A major part of Colombian crude oil production corresponds to heavy and extra heavy 
crude oil. Llanos region is the main producer of this high viscosity and low API crude oil. 
To ensure the transport from the production field to the export terminal located in the 
Colombian Atlantic coast, the crude oil is diluted using naphtha generally imported from 
the USA gulf coast to the centralized storage facilities located also in the Colombian 
Atlantic coast. Compared to the transport cost of the naphtha diluent from the gulf coast 
to the Atlantic coast facilities, the transport cost from these facilities to the production 
facilities is approximately 10 times higher. Therefore, the acquisition and transport cost 
of the naphtha is an economic incentive to change the actual scheme of heavy and extra 
heavy crude dilution to produce a diluted crude (dilbit, as known in literature). In this paper 
different alternatives to replace the dilbit scheme in Colombia, especially in the Llanos 
region were conceived and reviewed considering the technical-economic perspective. In 
Figure 1 is presented a curve of VPN vs Brent value for the different schemes evaluated. 
Two different alternatives to substitute diluent were evaluated. The first was the classical 
production of a synthetic crude through upgrading facilities located in the Llanos region 
using mature and emergent technologies including: partial thermal cracking, delay 
coking, downer thermal cracking, slurry Hydrocraking (HCK) with partial conversion, 
and slurry HCK with total conversion. The second alternative was producing a synthetic 
diluent directly in the Llanos region combining technologies such as the classical delay 
coking - fixed bed HCK and slurry HCK with total conversion combined with fixed bed 
HCK. The results lead to conclude that thermal cracking technologies to produce synbit 
has similar or negative VPN for all Brent levels compared to the dilbit alternative. Partial 
slurry HCK and total slurry HCK to produce Synbit presented positive values for Brent 
values equal to or higher than U$ 35/bbl. The best VPN results are exhibited for the 
synthetic diluent production alternative, notably the slurry HCK total conversion – fixed 
bed HCK combined option. For the diesel + naptha product obtained in the synthetic 
diluent production options a diluent power of 0.71-0.73 relative to a gulf coast naphtha 
scenario was calculated using a specialized software and inhouse correlations.
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Figure 1. VPN vs Brent for the different schemes proposed relative to the dilbit 
scheme.
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PC-1

Effect of different substrates on asphaltene precipitation

Rogel, E.1*†, Witt, M.2

1 Chevron Energy Technology Company, 100 Chevron Way, Richmond, California 94802, United 
States

2 Bruker Daltonics GmbH & Co. KG, MRMS Solutions, Fahrenheitstrasse 4, 28359 Bremen, 
Germany

Abstract

 In this work, we tried to examine differences in chemical composition and behavior that 
arise from extracting asphaltenes in different ways. In particular, this work focused on the 
effect of different substrates during extraction. We examined differences in composition 
when asphaltenes are precipitated in the presence of iron oxide and sand. These two 
materials are frequently around when asphaltene precipitates in the real world. Asphaltene 
were extracted using n-pentane with/without iron oxide (hematite) or Ottawa sand.

Extracted asphaltenes were characterized by elemental analysis, Fourier-transform 
infrared spectroscopy (FTIR), in-line filtration solubility profile (SP), size exclusion 
chromatography (SEC) as well as magnetic resonance mass spectroscopy (MRMS). 

We found that the presence of iron oxide or Ottawa sand leads to asphaltenes with 
larger H/C ratios. Solubility profiles show subtle changes in the solubility distribution of 
asphaltenes that correlate to their aggregation behavior by SEC. In agreement with larger 
H/C ratios, MRMS showed that DBE distributions shifted to lower values for asphaltenes 
extracted with the inorganics present. On the other hand, molecular size distributions for 
the whole samples did not show any significant changes. 

Detailed analysis of the classes by MRMS indicated that not all the classes experienced 
a shift to lower DBEs. The shift seems associated to the presence of heteroatoms in the 
classes. These findings point out to the effects that the adsorption into the substrates 
from the fluid might have in the type of species that end in a deposit. As it is well known, 
there is a wide range in the affinity and capacity of different organic species for different 
mineral surfaces. The goal of this work is to understand which are these affinities and 
how they affect deposit formation.
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PC-2

Experimental and molecular dynamics study of the thermo-
oxidative decomposition of asphaltene under high-pressure 

conditions

 Ivan Moncayo-Riascos1†*, Camilo A. Franco1, and Farid B. Cortés1

1 Grupo de Investigación en Fenómenos de Superficie − Michael Polanyi, Facultad de Minas, 
Universidad Nacional de Colombia Sede Medellín, Kra 80 No. 65−223, Medellín, Colombia.

Abstract 

Previously, the effects of pressure on the thermo-oxidative decomposition of different 
sources of n-C7 asphaltenes at high pressure were studied.1 Determining four stages 
of the process: oxygen chemisorption (OC), desorption/decomposition of chemisorbed 
oxygen functional groups (DCO), and finally the first and second combustion (FC and 
SC, respectively). In this study, molecular dynamics simulations were carried out in order 
to have an atomistic description of the reaction mechanism. To do this, we used the 
REAX-FF potential to propose a reaction route, representing the conditions used in the 
experimental evaluation. The results obtained with molecular dynamics were contrasted 
with the conversion profiles obtained experimentally, obtaining acceptable approximations 
between them as shown in Figure 1. Molecular dynamics mass fraction was determined 
by tracking the mass of the asphaltene aggregate, considering as asphaltene aggregate 
all atoms within a distance of 4 Å through clusters analyzing.

Figure 1. Mass fraction of asphaltene in thermo-oxidative decomposition
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(1)  Medina, O. E.; Gallego, J.; Nassar, N. N.; Acevedo, S. A.; Cortés, F. B.; Franco, C. A. 

Thermo-Oxidative Decomposition Behaviors of Different Sources of n-C7 Asphaltenes 
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Gasoline Molecular-level Blending Model

Linzhou Zhang*

State Key Laboratory of Heavy Oil Processing & Petroleum Molecular Engineering Center (PMEC), 
China University of Petroleum, Beijing 102249, People’s Republic of China

*Lzz@cup.edu.cn (L. Zhang)

Abstract

The gasoline molecular-level blending model comprehends the gasoline composition 
and blending process on the molecular level. The advantage is that it treats the blending 
process of different types of gasoline as a linear superposition of the mass fractions of 
molecules contained in the gasoline, and then uses the molecular composition-property 
correlation method to predict the bulk properties of the mixed gasoline. The molecular-
level blending model does not need to consider the interactions between different types 
of gasoline streams, thus avoiding the repeated training of interaction parameters. The 
molecular-level model has a wide application range, high prediction accuracy, and low 
model maintenance cost. 

The gasoline molecular-level blending model construction is mainly divided into three 
steps: 

(1) Establishing quantitative structure-property relationship (QSPR) models to 
accurately predict the key properties of gasoline molecules according to the quality 
indicators of gasoline, including octane number, Reid vapor pressure, yield sooting index, 
combustion heat, density and boiling point. 

(2) Building GC-FID-based gasoline molecular composition models to obtain qualitative 
and quantitative information of gasoline molecules. Then the molecules can be digitally 
represented and reconstructed on computer. 

(3) Constructing the correlation between gasoline molecular composition and bulk 
properties, in which the bulk properties are separated into linear and nonlinear mixing. 
The density, olefins, aromatics, benzene and oxygen content of gasoline mixtures are 
estimated using linear mixing. In addition, we developed a gasoline octane number (ON) 
prediction model based on molecular interaction, which can consider the contribution of 
each molecule to the ON of gasoline and identify the interactions between different types 
of molecules. Several different approaches were used to validate the predictive ability 
and extrapolation performance of the model. The mean absolute errors of the training and 
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test sets for RON are 0.99 and 0.91 (1.03 and 0.85 for MON). A mechanism data fusion 
approach was used to calculate the Reid vapor pressure and D86 distillation curve. First, 
a large amount of virtual gasoline molecular composition and its corresponding bulk 
property data were generated using the gas-liquid equilibrium-based mechanism model. 
Then the deep learning algorithm was used to build the mapping relationship between 
gasoline fingerprints and bulk properties. 

Finally, the developed model was applied to the practical gasoline blending process 
and recipe optimization in refineries.

Figure 1. Schematic diagram of gasoline molecular-level blending model
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Profiling of carboxylic acids in North Sea crude oils by 
halogenated secondary amine labeling and LC-HRMS

Khoa Huynh*1†, Simon Ivar Andersen1, and Karen Louise Feilberg1 1DTU Offshore, Technical 
University of Denmark, 2800 Lyngby, Denmark

Abstract

 Molecules containing carboxyl functional groups play essential roles in petroleum 
geochemistry ranging from production and refining of crude oils to reservoir biomarkers 
and environmental impacts. However, the chemical composition and molecular structure 
of carboxylic acids (CAs) remain unidentified due to the crude oil matrix complexity, 
the relatively low abundance, and the structural diversity of carboxylic acids. Here we 
developed a novel strategy of halogenated amine labeling in combination with high-
performance liquid chromatography Fourier transform Orbitrap (LC-FT Orbitrap) analysis 
for non-targeted profiling of carboxylic acids in Danish North Sea crude oils. In this study, 
the carboxylic acids were isolated by liquid-liquid extraction technique and labeled by a 
secondary halogenated amine, 4-bromo-N-methylbenzylamine (4-BNMA). The selected 
reagent is potential for small (poly)carboxylic acids derivatization, which features phenyl 
group for chromatographic separation improvement and characteristic product ions 
from bromine isotope patterns for precursor ions determination.1 The derivatization 
and extraction of carboxylic acids were optimized and evaluated on both CAs spiked 
model oil and Danish crude oil, using statistical design of experiments (DOE) technique. 
The CA-4- BNMA labeled molecules generate two characteristic product ions m/z 169 
and 171, which were used to assign derivative precursor ions and potential carboxylic 
acid candidates as describe in Figure 1. We successfully recognized 7 standards in the 
spiked oil and discovered 50 candidates in original Danish crude oil. Overall, the method 
is demonstrated to be a promising strategy in the profiling of compounds with carboxyl 
groups.
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Figure 1. Schematic for carboxylic acids identification workflow using HRMS and 
bromine’s isotope pattern of product ions.

1. Marquis, B. J.; Louks, H. P.; Bose, C.; Wolfe, R. R.; Singh, S. P., A New Derivatization 
Reagent for HPLC– MS Analysis of Biological Organic Acids. Chromatographia 

2017, 80 (12), 1723-1732.
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From Molecular Structures to Value-Added Materials: 
Opportunities and Challenges in Asphaltene Processing

 Murray R Gray*1,2, Martha L. Chacón-Patiño3, Anika Neumann4,5, Christopher Rüger4,5, and Paolo 
Bomben†1

1 Alberta Innovates, Suite 2540, 801 6th Avenue SW, Calgary, AB T2P 3W2, Canada
2 Department of Chemical and Materials Engineering, University of Alberta, Edmonton, T6G 1H9, 

Canada
3 Ion Cyclotron Resonance Program, National High Magnetic Field Laboratory, Florida State 

University, Tallahassee, Florida 32310, United States
4 Joint Mass Spectrometry Centre/Chair of Analytical Chemistry, University of Rostock, 18059 

Rostock, Germany.
5 Department Life, Light & Matter (LLM), University of Rostock, 18051 Rostock, Germany

Abstract 

 As the petroleum industry becomes more and more focused on minimizing the 
environmental impact of fossil fuels, the use of asphaltene-rich fractions for non-
combustion materials is becoming more attractive. The advanced characterization 
methods developed over the past decade allow us to track molecular structure through 
separation and reaction steps, both in fuel production and in preparing high-performance 
materials. A critical challenge in producing materials from asphaltene-rich fractions is 
to predict and control the rheological properties and the phase behavior. For example, 
residue/high-boiling-point petroleum fractions could be processed to give precursors 
to carbon fibers that are cheaper by ~90% compared to current pathways, enabling 
carbon fiber use in a much wider range of composite materials. However, the task is not 
simple, as it requires revisiting the methods for melt-spinning (“green” fibers production), 
stabilization of the produced fibers (oxygen incorporation and formation of O-containing 
cross links between carbon moieties), and carbonization. Interestingly, recent work 
indicates that some asphaltene-rich samples present rheological properties that make 
them optimal for melt-spinning and carbon fiber production, whereas in other cases, the 
spun asphaltene-feedstocks are unsuitable for stabilization/carbonization. In this work, we 
apply thermal cracking to asphaltene-enriched samples in order to tweak the properties 
that make good carbon fibers. Thermally-cracked samples are comprehensively studied 
by separations based on solubility and extrography (structural motifs) and subsequently 
characterized by positive-ion APPI 21 tesla FT-ICR MS, gas-phase fragmentation (i.e., 
CID and IRMPD). Moreover, thermogravimetric analysis coupled to mass spectrometry 
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(APPI-HRMS and EI-QMS) was used to study various samples along the proposed 
production workflow as well as to mimic the pyrolytic conditions of the fiber generation. 
The results demonstrate that upon thermal cracking, asphaltene-rich feedstocks 
produce a mixture with more diverse solubility (i.e., maltenes, asphaltenes, and toluene-
insoluble material). The molecular composition of remnant asphaltenes suggests that 
thermal treatment dramatically reduces molecular polydispersity in terms of number of 
detected heteroatom classes, alkyl-chain content (Figure 1), and structural motifs, as 
the treated samples reveal higher abundance of alkyl-depleted molecules with island 
structure. Thermal analysis HRMS of the untreated and thermally-cracked samples 
acted as validating approach to the direct infusion experiments. Furthermore, laboratory-
scale mimicking of the production process by thermogravimetry enabled us to trace the 
complex evolved molecular pattern at pyrolytic conditions and the release of small gases 
at high-temperature carbonization. The outstanding challenge is to link this chemical 
information to the rheological properties to enable process prediction and control.
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Promising molecular distillation applications to understand the 
heaviest fraction of crude oils and their successful use in reservoir 

fluid modeling

Oscar F. Ramirez-Jaramillo*†1, Alexander Guzman2, Carlos Munoz4, Yohany Gonzalez-Diaz4, 
Juliana Giraldo-Castro3, Libia-Sofia Sandoval-Rodriguez3, Cristiam Cundar3 and Raul Osorio3

1 Meridian Consulting Ltda – Ecopetrol S.A., Bogotá, Cundinamarca 110231, Colombia
2 Centro de Innovación y Tecnología ICP, Ecopetrol S.A., Piedecuesta, Santander 681018, 

Colombia.
3 Departament of Resevoir and Recovery, Ecopetrol S.A., Bogotá, Cundinamarca 110311, 

Colombia
4 Cooperativa de Tecnólogos e Ingenieros de la Industria del Petróleo TIP – Ecopetrol S.A., Girón, 

Santander 687542, Colombia

Abstract

 This study focused on increasing true boiling point (TBP) curves of crude oils using 
vacuum bottoms residues (VB) physical distillation1 (PHD). VB residues are the heaviest 
portion of petroleum, composed of hydrocarbon molecules with at least 39 carbons (C39+), 
including resins, polar and asphaltenic compounds. The most significant limitation of PHD 
for crude oils and derivate is the tendency to react thermally, breaking down the sample 
and producing different molecules, which is called thermal cracking (TC)2. VB residues 
were obtained from standardized test methods ASTM D28922 and ASTM D52363.

Usually, PHD is performed up to temperatures in which TC is detected, generally 
higher than 500 °C4. For heavy oils (HO) and extra-heavy oils (EHO), this VB residue 
can represent up to 50 wt% of the whole oil5, leaving most of the sample without proper 
characterization. In black oils (BO) it is feasible to distill almost 85 wt% of the whole 
oil. From the possibility to use technology able to distill bitumens and heavy oils4, as 
shown in investigations from HOPP research group6, crude oil fractioning supplemented 
by falling film distillation under deep vacuum pressure (10-4 Torr), referred to as molecular 
distillation7 (MD), allows physical separation of VB samples into fractions through boiling 
temperatures differences. MD is achieved through the thermal transpiration principle 
instead of liquid-vapor equilibrium. This process was performed in a pilot plant achieving 
the correct separation of each VB by controlling pressure, temperature and ensuring 
samples flowability8 through the apparatus in runs of three hours on average each one. 
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The runs were conducted up to 644°C and 672°C atmospheric equivalent temperature 
(AET) depending on charge and products the viscosity. 

This study was performed for 33 VB from Colombian crude oils with API gravities 
ranging from 7 to 35°, n-heptane insolubles concentration ranging from 0.2 to 18 wt%, and 
viscosity ranging from 3.7 to 178000 cSt at 40°C. Fractions with quality were obtained, 
that allowed their characterization in the laboratory with variables such us specific 
gravity, molecular weight, simulated distillation9 (SimDist) and others and to define the 
representativeness. The runs performed fundamentally improve the TBP curve range 
and the understanding of the complex mix10 of large hydrocarbons molecules11 that exist 
in VB and crude oil.

The main findings obtained from the characterization of the products were MD 
validation, by processing one sample several times, the comparison12 between TBP and 
SimDist of crude oils at high temperatures, and to reduce the uncertainty in experimental 
results of the heaviest fraction in ASSAY-type studies13. Additionally, to evaluate the 
application of PHD and their repercussion in the fluid behavior, heavy oil viscosity and 
asphaltene precipitation models, as well as, equations of state14 (EoS) of crude oils for 
reservoir fluid modelling. Finally, two EoS were performed (for BO and EHO), applying 
Peng-Robinson three-parameter model (PR-3p), focused on asphaltene precipitation 
and HO compositional model, using the characterization of samples obtained with MD 
and ASSAY-type study. The results obtained indicate a significant improvement in the 
modeling of fluid for liquid-vapor equilibrium prediction.

Figure 1. Crude oil distillation scheme to increase TBP curves and example for 
EHO. 

*Final boiling point temperature is different for any VB residue ranging between 492 to 545°C. 
** Final boiling point temperature is different for any MD residue ranging between 644 to 672°C.
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PC-7

Development of a computational tool with experimental analytical 
thermodynamic water mixing models, to management the 

precipitation of the inorganic minerals 𝑭𝒆𝑺, 𝑭𝒆𝑺𝟐, 𝑭𝒆𝟐𝑶𝟑, 𝑭𝒆𝑪𝑶𝟑, 
𝑺𝒓𝑺𝑶𝟒, 𝑩𝒂𝑺𝑶𝟒, 𝑪𝒂𝑪𝑶𝟑 y 𝑺𝒊𝑶𝟐 in commingled wells, two formations

Arias C. A.*1; Cabarcas S. M.2; Durán J.3

1Industrial University of Santander, Hydrocarbon Process Modeling Group (GMPH), Bucaramanga/
Carrera 27 Calle 9

2 Industrial University of Santander, Hydrocarbon Process Modeling Group (GMPH), Bucaramanga/
Carrera 27 Calle 9

3 Ecopetrol S.A, Colombian Petroleum Institute ICP, Piedecuesta/via Piedecuesta Km 7.

Abstract

 In the present investigation a computational tool was developed to performs the 
estimation, balance, and proposal of a representative physicochemical analysis for each 
producing formation that will be used in the modeling of the stability of the water mixture 
at different mixing range with the commercial software of the user’s preference, the 
adjustment of the criteria of precipitation the minerals analyzed taking into account the 
reported historical events of precipitation of inorganic minerals.

Finally, the computational tool creates the precipitation curves of each mineral analyzed 
at the different mixing percentages with the new field criteria, which allow to directly identify 
the mixing ranges in which the two producing formations can be developed together 
without problems critical of inorganic mineral precipitation in wells, results required for 
decision making on the management of the precipitation of inorganic minerals analyzed 
in this type of wells.

Figure 1. Stages of the Watermm computational tool.



131

(1) Arias C. A.; Cabarcas M. E.; Durán J.; Development of a computational tool with 
experimental analytical thermodynamic water mixing models, to management the 
precipitation of the inorganic minerals 𝐹𝑒𝑆 , 𝐹𝑒𝑆 2 , 𝐹𝑒2 𝑂3 , 𝐹𝑒𝐶𝑂3 , 𝑆 𝑟𝑆 𝑂4 , 𝐵𝑎𝑆 𝑂4 , 
𝐶𝑎𝐶𝑂3 y 𝑆 𝑖𝑂2  in commingled wells, two formations, Master of Science Research 
in Hydrocarbon Engineering, Industrial University of Santander and Colombian 
Petroleum Institute Ecopetrol-ICP, Bucaramanga, 2021, page (35-36).



132

PC-8 

Molecular composition and physical properties modeling of 
gasoline based on chromatographic characterization

Yifei Li*1, Guangqing Cai1, Mingyuan Cheng1, Chunming Xu1 and Linzhou Zhang†1
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Abstract

 A molecular-level model for predicting the molecular composition and properties of 
gasoline has been developed based on the concept of “molecular management”. The 
model construction process is divided into four main steps: firstly, the retention index (RI) 
database is built for the standard samples, and the conversion from a given retention 
time (RT) to RI as a prerequisite is one of the key steps. Secondly, gasoline samples 
were subjected to GC-FID detection to obtain detailed molecular composition and 
content information of gasoline by using RI characterization and chromatographic peak 
area quantification. Next, based on the qualitative and quantitative information obtained 
for gasoline, the composition is converted into computer-recognizable symbols, i.e., the 
gasoline molecules are digitally represented. For example, based on the SMILES CODE 
molecular list. Finally, a database of molecular key properties is established, and a non-
linear fitting by machine learning algorithm is used to evaluate and query molecular key 
properties such as boiling point and saturation vapor pressure of gasoline molecules 
through structure-property correlation, and a list of molecular physical properties is 
established, and the construction of a GC-FID-based gasoline molecular composition 
and property prediction model is completed. It provides valuable experience for the 
gradual improvement of the accuracy of molecular management model construction.

Figure 1. Principles of gasoline composition and property prediction model 
construction. 
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Abstract

 Olefins widely exist during the processing of various hydrocarbon resources (e.g., 
petroleum, coal, and polymer). The understanding of olefin molecular composition is 
critically important for the corresponding chemical processes and plays an important role 
in product quality improvement and process optimization.

According to the strong interaction of Ag+ with unsaturated hydrocarbon, Ag+ 
complexation was adoPTEd in this study as a tool to achieve selective olefin ionization in 
electrospray ionization (ESI). High-resolution mass spectrometry (HR MS) was used to 
characterize ionized olefin molecular composition. Various model compounds, including 
paraffins, naphthenes, olefins, and aromatics, were used to verify the ionization selectivity. 
The observed olefin carbon number distribution from Ag+ complexation ESI HR MS was 
in agreement with those from gas chromatography-mass spectrometry equipped with the 
electron impact ion source (GC-EI-MS).

The proposed method can be conveniently used for direct molecular characterization 
of olefins in mixtures without time-consuming olefin pre-separation or chemical 
derivatization. Olefins in coker diesel, coal tar liquid, and Fischer-Tropsch wax were 
successfully analyzed by the proposed method. Through the characterization of various 
reaction products, the transformation of olefins in different processes were also revealed 
by Ag+ complexation with ESI HR MS, such as hydrocraking and thermal cracking.
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Figure 1. The direct molecular composition characterization of olefins in 
hydrocarbon mixtures can be achieved by combining Ag+ complexation with 

positive ESI HR MS. 
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Abstract

 This work aims to understand the crude oil viscosity from the chemical characterization 
of the functional groups present in the crude oil and its asphaltene fractions. Some crude 
oils with very similar bulk properties have shown large differences in their viscosities and 
no significant correlation with variables such as their SARA composition and API gravity, as 
several authors have reported previously.1–4 This behavior indicates a strong dependence 
of viscosity on crude oil composition. Hence, an advanced characterization is required to 
reveal relevant chemical groups interactions. In this work, 25 crude oils from Colombia 
along with their asphaltenic fractions (AF) were studied by determining their dead-oil 
viscosity (50 – 27000 cP) at 150 °F and measuring middle infrared (MIR) spectra. Crude 
oil (CRU) fractionation was performed by Soxhlet extraction using n-heptane (n-C7) as 
a solvent to obtain three n-C7 soluble occluded fractions (i.e., occluded at 48, 72, and 
96 hours of washing, labeled as OCL 48, 72, and 96H) and one n-C7 insoluble fraction 
(i.e., asphaltene at 96 hours, labeled as ASPH 96H). Deconvolution techniques were 
performed to MIR spectra to estimate areas of functional groups present in crude oil and 
AF5–7, according to the characteristic wavelength vibrational modes reported by several 
authors,5,8,9 obtaining reproducible results. Generalized Linear Models (GLM) were used 
as a statistical tool to evaluate the statistical significance (p-value) of chemical groups 
on viscosity data (logarithmic scale). Aromatics and oxygenated groups of CRU and ASF 
96H fraction was found to explain up to 74% of viscosity variance. Partial least squares 
regression (PLSR) was applied to the FT-IR preprocessed signals of the chemical groups 
found relevant by GLM using their wavelengths intensities as data seeds. The “Leave 
one out” cross-validation method was used to selectively include sections (functional 
groups in AF and crude oil) of the spectrum to evaluate R2

Pred criteria. Model coefficients 
form bands that represent the magnitude of influence of the chemical groups on crude 
oil viscosity. Regression parameters (R2=0.98, MSE=0.016, R2

Pred =0.82) were estimated 
to compare calculated and measured data. It was found that the model can explain up to 
82% of viscosity crude oil variations based on CRU, OCL 48H, OCL 96H, and ASPH 96H 
chemical compositions. Functional groups with more impact in viscosity variation were 
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aromatic and oxygenated (esters, carboxylic acids, quinones, anhydrides) in CRU and 
all ASPH. The results show an increase in viscosity by the presence of aromatic groups 
in CRU, OCL 48H, OCL 96H, and ASPH 96H. In addition, this increment in viscosity is 
also observed due to the presence of quinone-type oxygenated groups mainly in ASPH 
96H, and OCL 96H. The presence of acid groups in all fractions showed a decrease in 
viscosity acting as asphaltene aggregation inhibitors. This methodology can be extended 
to other heavy crude oils to understand asphaltene aggregation phenomena and identify 
specific viscosity reduction strategies.

Figure 1. Graphical Abstract. 
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Abstract

The word is rich in heavy oil resources, and high viscosity is the key restricting of the 
exploitation, transportation, and processing of heavy oil. The absence of light fraction and 
the high abundance of polar components are important characteristics of heavy oil. Here, 
we analyze these characteristics of heavy oils by high temperature gas chromatography 
(HT-GC) for simulated distillation. Figure 1 shows the distillation curves of 7 typical crude 
oils from China. The light component can act as a diluent to greatly reduce the viscosity 
of the crude oil, the amount of which is defined as yield at 300 °C. The light fraction yields 
of Daqing and Jianghan crudes are reaching more than 20 wt%, while that of Shengli 
and Henan crudes are less than 5 wt% (Figure 1b). Biodegradation depletes the alkane 
content in crude oils and leads to enrichemnt of polycyclic naphthenes. The absence of 
paraffins is closely related to the high viscosity of crude oil. The yield between 400°C 
and 500 °C, which involve the content of C30 and C40 biomarkers, can be used as an 
indicator of biodegradation degree. Both Shengli and Liaohe crudes show yields of more 
than 25 wt% between 400°C and 500°C (Figure 1c), indicating that they have been 
subjected to severe biodegradation. For polar components with higher boiling points, 
the distillation yield at 700 °C is used to correlate their content. The relatively low yields 
at 700 °C of Henan, Jianghan and Bohai crudes indicate that they have high content of 
polar compounds such as asphalenes. In this way, the important characteristics of heavy 
oil can be classified by means of HT-GC.
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Figure 1. Distillation curves (left) and the selected distillation yield values 
(right) of typical crude oils from China.



140

PC-12

Molecular Characterization of Asphaltene Deposition and Its 
Formation Mechanism in Well Gaotan-1

Yahe Zhang1, Erting Li2, Quan Shi1†
1 State Key Laboratory of Heavy Oil Processing, Petroleum Molecular Engineering Center (PMEC), 

China University of Petroleum, Beijing 102249, China
2 Xinjiang Oilfield Company, CNPC, Karamay, Xinjiang, 834000, China

Abstract

 Gaotan-1 is the first high-yield well explored in the southern margin of Junggar Basin, 
China, which is a major breakthrough in the oil exploration for Xinjiang Oilfield Company. 
The well produced high-quality light crude oil with very low sulfur content and total acid 
number. However, serious sedimentation occurred in the wellbore during production, 
which seriously affects production. In this paper, the sediments from Gaotan-1 were 
separated into organic soluble and inorganic solid fractions. The organic compounds 
were characterized by high resolution mass spectrometry and high temperature gas 
chromatography. It was found that the organic matter was rich in asphaltenes with very 
high molecular condensation. The high condensation compounds should be formed in 
the high temperature reservoir environment, which was extracted by the supercritical 
fluid formed by the light hydrocarbons under the ultra-high temperature and pressure. 
Due to its super-dissolving ability, the high-condensation hydrocarbons and asphaltenes 
are brought out of the reservoir, and deposit gradually mixed with silty sand on the wall of 
the wellbore as the temperature and pressure dropped in the process of oil exploitation.
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Figure 1. Ion relative abundance distribution of DBE versus carbon number 
of N1 and O1 class species assigned from the negative-ion ESI FT-ICR mass 
spectra of Gaotan-1 crude oil and the extract of S-0. The proposed structures were 

representative.
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Abstract

 Hydrocarbons are the main components in petroleum and their molecular 
characterization is of great significance to petroleum processing. Electrospray ionization 
(ESI) coupled with high resolution mass spectrometry has been widely used for molecular 
characterization of petroleum, however, hydrocarbons cannot be directly ionized by ESI. 
To enable the analysis of hydrocarbons by ESI, we have developed methods to convert 
saturates and aromatics into alcohols and sulfonates through redox and silica sulfuric 
acid sulfonation reactions, respectively.1, 2 The molecular composition of hydrocarbons 
of three heavy petroleum fractions was analyzed (Figure 1). Saturate hydrocarbons 
and aromatic hydrocarbons were selectively characterized without mutual interference, 
which was based on the excellent selectivity of the chemical derivatization reactions 
rather than dependent on the efficiency of hydrocarbon components separation. The 
inherent characteristics of the molecular composition of hydrocarbons in these heavy 
petroleum fractions were well distinguished. The series of hydrocarbons with 40 carbons 
could be cycloalkanes such as β-carotanes or/and aromatic hydrocarbons such as 
isorenieratanes. Alkyl and aryl groups could be effectively identified by the method, which 
was helpful for accurately understanding the molecular composition and predicting the 
structure of hydrocarbons. The monoaromatic steranes and alkyl naphthalenes were 
also distinguished by this method. The quantitative potential of the methods has been 
demonstrated and would be systematically investigated.
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Figure 1. Relative abundance plots of DBE versus carbon number for saturate 
hydrocarbons and aromatic hydrocarbons in three heavy petroleum fractions. 

(1) Zhou, X.; Shi, Q.; Zhang, Y.; Zhao, S.; Zhang, R.; Chung, K. H.; Xu, C. Analysis 
of saturated hydrocarbons by redox reaction with negative-ion electrospray Fourier 
transform ion cyclotron resonance mass spectrometry. Anal. Chem. 2012, 84 (7), 
3192-3199.

(2) Li, H.; Li, S.; Wu, J.; Xie, L.; Liang, Y.; Zhang, Y.; Zhao, S.; Xu, C.; Shi, Q. Molecular 
characterization of aromatics in petroleum fractions by combining silica sulfuric acid 
sulfonation with electrospray ionization high-resolution mass spectrometry. Fuel 
2022, 317.



144

PC-14

Experimental and Simulation Study of Swelling Capacity of 
Poly(acrylamide-co-acrylic acid) Hydrogels in Saline Solution: 

Response Surface Methodology (RSM)

Samira Heidari*1, Feridun Esmaeilzadeh2, Dariush Mowla3, Camilo A. Francoa†1, Farid B. Cortés†1 
1 Research Group on Surface Phenomena — Michael Polanyi, Department of Processes and 
Energy, Faculty of Mines, National University of Colombia, Sede Medellín, 050034, Medellín, 

Colombia 
2,3Enhanced Oil and Gas Recovery Institute, School of Chemical and Petroleum Engineering, 

Enhanced Gas Condensate Recovery Research Group, Shiraz University, Shiraz, Iran.

Abstract

 Excess water production is a serious problem in most oil and gas reservoirs. It has 
been confirmed that injecting preformed particle gels (PPGs) into fractured oil and gas 
reservoirs is an effective approach to control unwanted water production. The swelling 
capacity of the PPG samples in a saline solution (formation water) is a deciding factor, 
affecting their efficiency. In this study, an efficient set of PPGs [poly(AAm-co-AA)] 
was first synthesized through a free radical copolymerization approach and then their 
swelling capacities were examined in a saline solution. Central-Composite (CC) design 
of experiments (DOE) was used to design the synthesis experiments and optimize the 
swelling capacity of the PPG samples. The mole ratio of monomers (AAm/AA), mole 
percentage of crosslinking agent (N, N’-methylene bisacrylamide (MBA)), and swelling 
time were considered as the key factors. Results revealed that not only were all of these 
parameters influential, but they all also had the same significance. The optimum range 
of AAm/AA mole ratio, MBA mole percentage, and swelling time was found to be 6.77 
to 8.54, 9.92 to 11.6 mole%, and 170.7 to 179.99 min, respectively. The PPG samples 
had the maximum swelling percentage of 390 % at the optimum conditions. Validity 
experiments confirmed that there is a good agreement between the mathematical model 
and the real conditions.

Keywords: Optimization, Central-Composite design (CCD), Response surface 
methodology (RSM), Copolymerization, Excess water production.
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Abstract

 Following the methodology developed in previous works,1,2 maltenes were separated 
into three fractions using a liquid–liquid extractions. With this method, maltenes 
were dissolved in n-heptane and sequential extractions with acetonitrile (ACN), and 
dimethylformamide (DMF) were performed. Compounds containing V with low molecular 
weights (LMW) wee selectively removed with ACN, followed by extractions with DMF of 
the resulting maltene to separate the medium molecular weights (MMW) compounds from 
the high-molecular weights (HMW) compounds remaining in the final remnant maltene. 
Asphaltenes (n-C7) were separated into 4 fractions by a method of sequential liquid–solid 
extraction (leaching). Results by IR, UV-Vis, 1H NMR, 13C NMR and GPC ICP UV MS 
were dramatically different between the fractions obtained. For example, carbonyl signals 
were observed in the two fractions with LMW obtained for the asphaltenes and higher 
signals in the spectra of 1H and 13C NMR, absent in asphaltenes and species with HMW 
(identified as HMW1 and HMW2). Additionally, differences in the fractions obtained in 
terms of their stabilization to precipitation were observed using a quartz crystal resonator 
(QCR), specially with the compounds with HMW1 which turned out to be more unstable 
than that of the starting asphaltenes, demonstrating that these types of asphaltenes are 
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the main responsible for the instability in the crude and, therefore, should be the most 
studied object both at the level of fractionation and characterization.

These results show the importance of fractionation in crude oil for its better compression, 
also, the non-identification of these signals in originally fractions and their HMW fractions 
does not suggest their absence, on the contrary, a high level of interaction between 
compounds present that makes their detection difficult.

(1) Gascon, G., Negrin, J., Garcia-Montoto, V., Acevedo, 
S., Lienemann, C. P., & Bouyssiere, B. (2019). 
Energy & Fuels, 33(3), 1922-1927

(2) Gascon, G., Negrin, J., Montoto, V. G., Acevedo, S., Lienemann, C. P., & Bouyssiere, 
B. (2019). Energy & Fuels, 33(9), 8110-8117.
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Abstract

 Asphaltenes are recognized as one of the most complex organic mixtures known to 
humankind. Despite the advances in the in-depth chemical characterization of Asphaltenes, 
analytical techniques allowing insights into the molecular architecture are limited. Herein, 
we present the combination of a thermo-optical carbon analyzer (TOCA) and high-
resolution mass spectrometry (HRMS). TOCA, a common concept in particulate matter 
environmental analysis (1), is an evolved gas analysis approach capable of quantifying 
the temperature-resolved release of organic carbon (OC) and elemental carbon (EC) in 
an inert and/or oxidative atmosphere (Figure 1a). The molecular architecture strongly 
influences the coking behavior of a given heavy residue or Asphaltene fraction; thus we 
hypothesize that OC and EC serve as a direct measure. Moreover, hyphenation to soft 
vacuum laser-ionization HRMS grants access to molecular-level information (2) (Figure 
1b). Consequently, this novel concept was used to address a set of various Asphaltenes, 
encompassing the PetroPhase 2017 Asphaltene, as well as heavy algae pyrolysis oil 
residues. Preliminary data on the quantified OC/EC fractions together with the molecular 
response allow drawing first conclusions on the coking behavior linked to the molecular 
moieties.
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Figure 1. Scheme for the (a) TOCA hyphenated to (b) HRMS. The oxidative 
catalytic oven and near-infrared detector allows to quantify the carbon-fractions 

released via a temperature protocols. 

(1) Grabowsky, J.; Streibel, T.; Sklorz, M.; Chow, J. C.; Watson, J. G.; Mamakos, A.; 
Zimmermann, R. Analytical and Bioanalytical Chemistry, 2011, 401 (10), 3153–3164.

(2) Kösling, P.; Rüger, C. P.; Schade, J.; Fort, K. L.; Ehlert, S.; Irsig, R.; Kozhinov, A. N.; 
Nagornov, K. O.; Makarov, A.; Rigler, M.; Tsybin, Y. O.; Walte, A.; Zimmermann, R. 
Analytical Chemistry 2021, 93 (27), 9418–9427.
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Abstract

 During the last two-decades, the discussion about the archipelago and island-like 
structure of asphaltenes has been based on several approaches such as FT-ICR, 
GPC, fluid dynamics, molecular dynamics, nuclear magnetic resonance, AFM and more 
recent, thermogravimetric analysis coupled to molecular mass spectrometry (TGA- FT-
ICR).1 The thermogravimetric analysis is robust, fast and valuable technique which 
offers information in real time about the decomposition of any material when subjected 
to a heating ramp over a period of time under given conditions (inert or air atmosphere, 
heating rate, etc.). Coupling this kind of system to FT-ICR mass spectrometer is a complex 
and non-common instrument configuration which need big efforts to stabilize in order to 
obtain valuable information. The contributions about island and archipelago structures 
along these years have demonstrated from a chemical point of view, that both structures 
can be easily differentiated if the right technique is chosen. In this contribution we report 
the thermogravimetric analysis -coupled to a single quadrupole mass spectrometer- of 
several Colombian asphaltenes, spanning from island to archipelago (including cata- 
and peri- condensed domains). We analyze the degradation profile under an inert 
atmosphere, the presence of air, the coking process, and the reactivity towards oxygen at 
different heating rates, also including a real-time monitoring of detached species such as 
hydrogen (H2), water (H2O) and carbon dioxide. With this contribution we demonstrate 
that a simple and robust technique such as TGA-MS revealed significant and valuable 
information about the structural insights of asphaltenes.
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Abstract

 This study is focused on obtaining associative energies from molecular dynamics 
(MD) simulations to be implemented in an equation of state (EoS) Cubic-Plus-Association 
(CPA). In our oral presentation (PetroPhase 2021), we have shown that petroleomics 
characterization (FTICR MS, SARA composition, thermogravimetric and elemental 
analysis) can be used to both propose proper representative molecular structures 
and describe a specific crude oil using MD simulations.1 Based on this approach, we 
reconstructed a live crude oil model, including the gas phase representation, from the 
petroleomics information and PVT testing obtained from a Colombian crude oil. The liquid 
phase was composed of four different types of asphaltenes, and two types of molecules 
for describing saturates, aromatics, and resins (i,e, maltenes), whereas the gas phase 
was described by seven species (C1-C5, CO2, and N2) based on the compositional gas 
analysis.

API gravity, live crude oil densities, and viscosities at reservoir conditions were calculated 
by MD simulations. These results were compared with experimental measurements of API 
gravity, live crude oil densities measured in a PVT cell (constant composition expansion), 
and viscosities measured using an electromagnetic viscometer (EMV). These physical 
parameters showed deviations under 5% regarding the experimental values, indicating a 
proper description of both real dead and live crude oil. Disruptive results were obtained 
in this study, because of particular aromatic compounds containing oxygen heteroatoms 
were identified, which has a strong effect on the aggregation behavior of organics (Figure 
1). This effect could explain the pronounced formation damage produced by organics 
precipitation identified in this Colombian field. For this reason, MD results showed stronger 
interaction energy between these aromatic oxygenated compounds with asphaltene 
molecules than the resin molecules. This energy data are contrary to those reported 
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in the literature.2–4 This particular and new behavior is key because it allows optimizing 
chemical treatments of organics precipitation inhibition in this field.

Figure 1. Final configuration of asphaltenes and oxygenated aromatics at reservoir 
conditions (204.14 atm and 383.15 K). Maltenes and gas molecules are omitted for 

clarity.

To implement CPA EoS, it was necessary to develop a classical EoS. A Peng-Robinson 
three-parameter equation (PR-3p) was proposed. Critical properties and acentric factors 
were obtained from the molecular weights and specific gravities determined by MD 
simulations for each molecular structure. This EoS was successfully validated through 
PVT data such as API gravity, gas-oil ratio (GOR), bubble pressure (BP), and oil densities. 
The interaction energies between the self-associative organics and cross-interaction 
between. 
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Abstract

 Saturation pressures and physical property data (density and viscosity) are required 
to model heavy oil recovery processes involving solvents. Such measurements are 
time consuming and expensive and therefore it is desirable to minimize the number of 
measurements and use data or models from the literature to extend the measurements 
to other conditions. The measurements available in the literature are typically reported 
for different heavy oils at different temperatures, pressures, and compositions. Hence, 
it is challenging to compare and assess the data and to use the data to supplement 
measurements from another oil. The objective of this study is to provide a set of 
straightforward analytical models to fit saturation pressure and property data for mixtures 
of heavy oil and solvents. The purpose of the models is to: 1) compare datasets from 
different sources; 2) validate or identify inconsistencies in new measurements; 3) provide 
preliminary predictions when data are not available for a particular oil.

Mixture saturation pressures were fitted with an activity coefficient based model using 
fitted saturation pressures for the heavy oil, a proposed Henry constant correlation for 
each solvent, and a fitted activity coefficient. The heavy oil saturation pressure was fitted 
using mixture data measured at low solvent contents. The Henry constant and activity 
coefficient for each solvent were fixed and appeared to apply to mixtures of the given 
solvent with any heavy oil. 

The measured heavy oil densities were fitted with an empirical function of temperature 
and pressure. Mixture densities were fitted with an excess volume mixing rule using the 
fitted heavy oil density, previously established effective densities for the solvent, and 
a fitted binary interaction parameter. The fitted binary interaction parameter for each 
solvent varied within a narrow range for different oils. 

The measured oil viscosities were fitted with the Expanded Fluid viscosity model. The 
self-consistency of the viscosity measurements was tested by verifying that the double 
log of viscosity was linearly related to the log of temperature. Mixture viscosities were 
fitted with the Expanded Fluid model using the fitted heavy oil viscosity model parameters, 
previously established model parameters for the solvent, and a fitted binary interaction 
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parameter. The fitted binary interaction parameter for each solvent varied within a narrow 
range for different oils. 

The proposed methodology is illustrated on several independent datasets measured for 
mixtures of bitumen and solvents including propane, n-butane, n-pentane, and dimethyl 
ether. The methodology can be used to identify issues with the data, obtain representative 
model parameters, and to interpolate within the range of the measured data. The models 
can be used to test the consistency of new datasets as they are measured and can easily 
be fine-tuned to match the new data for interpolation purposes. Finally, average model 
parameters are recommended with which to predict properties for an oil where limited 
measurements are available.
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Abstract

 Absorption is still the most common technique used for natural gas dehydration 
(NGD) processes. Although many liquids possess the ability to remove water from gas, 
triethylene glycol (TEG) is the most popularly used for NGD, as it achieves the stringent 
product specifications, as the water and glycol content of the vapor phase stablished 
by GASSCO (1). These specifications are mandatory to ensure asset integrity in 
downstream transport, since water as impurity in natural gas is associated with several 
operational problems, such as slug flow and gas hydrates formation. Process design for 
such applications rely on predictions of thermodynamic models, which in its turn need 
to be parametrized and tested against consistent experimental data. However, very 
few glycol-related data sets are found in the open literature, which combined with the 
experimental challenges to measure the low concentrations of glycol in gas phase, result 
in high uncertainty on the validation of these TEG-systems (2). 

In this scenario, VLE experiments were conducted using an apparatus manufactured 
by Sanchez Technology (now Core Laboratories), which has been described previously 
(3). The equilibrium cell, after cleaning and placed under vacuum for 2−3 h with p < 0.20 
kPa, was loaded with about 250 ± 5 mL of the gas (methane or ethane). Then, 60 ± 2 mL 
of a prepared liquid mixture (TEG + water) was pumped into the cell. Once the cell was 
loaded, the stirrer was turned on and the process is left to equilibrate for a minimum of 16 
h. Gas dissolves into the liquid phase until a constant PVT condition (within the range: p ± 
1 kPa, T ± 0.01 K and V ± 0.01 mL) is reached. The sample space was then pressurized 
to 115 kPa with helium to minimize atmospheric ingress. The tubing between the cell 
and the separator was flushed with approximately 5 mL of liquid from the cell before a 
single 25 mL sample was taken. The change in volume of the gas meter (under constant 
pressure and temperature) was recorded, giving the volume of flash gas. Additionally, the 
liquid sample mass (Ohaus Explorer Pro, m ± 0.001 g), water content (Metrohm 915 KF 
Ti-Touch, u(xH2O) = ±2%), and density (Anton Paar DMA 4500M, ρ ± 0.00007 g.mol−1) 
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were measured. These measurements were used to determine the dissolved methane 
content. Water content of the gas phase was measured by routing vapor to a coulometric 
KF analyzer (Metrohm 831 KF Coulometer, u(yH2O) = ± 3%). Depending on the volume 
of gas available and the stability of the measurement, between 5 and 15 parallel samples 
were taken. Gas samples (typically 10 samples of 0.5 L each) were routed through ATD. 
Glycol adsorbs onto the Tenax coating of the ATD tubes and was then later thermally 
desorbed for analysis. Analysis was done using an Agilent 5975C GC−MS, which was 
fitted with a Varian CP7448 capillary column. Duplicate three-point calibration (versus 
standard solutions) was performed for each batch of samples. 

These measurements have resulted in 18 new experimental VLE data for the system 
TEG (1) + methane (2) + water (3) at 6.0 and 12.5 MPa, and temperatures ranging from 
288 K to 323 K, and 21 new ternary points of the system TEG (1) + ethane (2) + water 
(3) at (293, 303) K and 3.0 and 4.0 MPa. The newly measured data were also used in the 
evaluation of CPA EoS, showing that the model provides a good qualitative description 
of the first system, with average absolute relative deviation (AARD) ranged between 
7−25%, while presents a significant under-prediction of glycol and water in gas phase 
(10-42%) when ethane is present.

(1) Wang X., Economides M. Natural Gas Processing. Adv Nat Gas Eng, 2009, 115–69.
(2) Arya A., Maribo-Mogensen B., Tsivintzelis I., Kontogeorgis G.M. Ind Eng. Chem Res, 

2014, 53(29), 11766–78.
(3) Kruger, F. J.; Danielsen M. V.; Kontogeorgis G. M.; Solbraa E.; von Solms N. J. 

Chem. Eng. Data, 2018, 63, 1789−1796.
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Abstract

 S Smart water flooding (SWF) is a quite promising enhanced oil recovery (EOR) 
technique due to its economic advantages. Although its exact mechanisms in carbonates 
are still unknown, wettability alteration is pointed out as the controlling mechanism that 
leads to increased recovery factors (RFs). Mg2+, Ca2+ and SO4

2- are known as potential 
determining ions (PDIs), whose optimum concentrations maximize the wettability 
alteration.1 This work compares different injection approaches in order to investigate the 
effect of water salinity, ion composition, and interpolant ion on the geochemical interactions 
of SWF in carbonates. Numerical simulations using a generic carbonate core at 114.4 
°C were conducted employing the simulator packages by Computer Modelling Group 
(CMG). Salinity levels ranged from 30 to 1 kppm (no dilution, 3x, 6x, and 10x dilutions) 
and three water compositions were considered: standard water (STD – with seawater-
compatible composition), monovalent-rich water (MV), and divalent-rich water (DV), 
keeping the total dissolved solids unchanged for each salinity level. For each salinity and 
composition, Mg2+, Ca2+ and SO4

2- were compared as interpolant ions. Oil RF, water and 
gas production, reservoir pressure, rock and fluid properties along the core and effluent 
composition were monitored. Results from Figure 1 show that oil RF changes significantly 
as a function of salinity and composition when SO4

2- is taken as the interpolant ion. 
For these cases, DV water provides higher oil RFs for each salinity and lower salinities 
lead to greater RFs for each composition. Oil recovery does not change significantly 
when  Mg2+ is the interpolant ion. It is then concluded that taking SO4

2- as interpolant is 
more appropriate and useful to perform geochemical analysis from effluent composition.
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(1) Namaee-Ghasemi, A.; Behbahani, H. S.; Kord, S.; Sharifi, A. Geochemical Simulation 
of Wettability Alteration and Effluent Ionic Analysis during Smart Water Flooding in 
Carbonate Rocks: Insights into the Mechanisms and Their Contributions. J. Mol. Liq. 
2021, 326, 114854.
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Viscosity is one of the most key properties of crude oil since it determines the flow porous 
media capacity, forecasting oil reservoir production profiles, design of facilities, transport 
equipment, and pipelines.1 Therefore, the viscosity estimation of crude oil is crucial due 
to large viscosity changes by temperature, pressure, and composition variations. In this 
sense viscosity models are helpful since direct measurements of this property, for each 
crude oil, at all conditions of interest are not practical.2 Although different approaches 
for viscosity calculation are available in the literature, the semi-theoretical models are 
the most used in the oil industry. Within this framework, the most applied models for oil 
viscosity calculations include corresponding states 3-5, expanded fluid 6-8 and f-theory 
model.9-11

In this study, the predictive capabilities of three compositional viscosity models are 
tested against experimental data for different Colombian heavy oil (HO) and extra-heavy 
oil (EHO).  For each of the fluids a cubic equation of state was fitted with experimental 
PVT data. The three viscosity models studied work for the whole range of pressures 
(Single Phase and Two-Phases) at different temperatures and compositions.

For the f-theory model, the parameter Kv was adjusted to dead oil density (°API), while 
Kz and Kc were adjust to experimental viscosity data. Subsequently, these adjusted 
parameters were related to macroscopic properties such as ºAPI and GOR, to obtain 
correlations applicable for EHO, which allowed the generation of a predictive model that 
doesn´t require any experimental data. For HO applications, only a single viscosity point 
is required to fit the model to different pressures and compositions.

The expanded fluid model was fitted using a multiplier for the c2 parameter of the 
heavy fractions, without finding clear trends between the multiplier (model fit) and the 
properties of the reservoir fluids.  For that reason, for different Colombian HO and EHO 
only a single viscosity data is required to fit the model.
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Although different fluids, such as methane, decane and eicosane, have been used 
as reference fluids in the corresponding states model for viscosity calculation, four 
different fluids that have not been previously studied (hexane, octane, dodecane and 
hexadecane) are proposed. The density and viscosity models of these fluids were taken 
from the literature. The model was fitted from a multiplier. For the different crude oils, just 
a single point is required to fit the model to different pressures and compositions. From 
the tuning, the best reference fluids for the EHO are octane and dodecane, while hexane 
and octane are the best for HO. 

Figure 1 shows that the best model for calculating the viscosity of Colombian HO 
and EHO is the f-theory; this is because this model has a solid theoretical framework 
based on the principles of friction of the classical mechanics and the fluids theory of van 
der Waals. Based on this work, it´s possible to calculate the viscosity of EHO without 
using experimental data with an average relative deviation of less than 15%. For HO a 
minimum experimental data is required for tuning the three compositional models.

a. 
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Figure 1. Experimental and predictive viscosity of (a) Extra Heavy Oil (8.5 ºAPI – GOR 70) at 
185 ºF and (b) Heavy Oil (11.6 ºAPI – GOR 52) at 104.4ºF 
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Abstract

Oil spills in freshwater generate short, medium, and long-term adverse environmental 
effects. The mitigation of these impacts depends on the development and execution 
of appropriate Contingency Plans, which include identifying oil spill behavior and 
environmentally sensitive areas. The oil spill behavior is usually predicted using numerical 
models, analyzing advection processes, mechanical dispersion, adhesion, evaporation, 
dissolution, vertical mixing, and oil resuspension. Additionally, studies have shown that 
the particles in the water column form aggregate with the oil, changing its buoyancy and 
final fate; however, the factors that influence the process are not well-known yet. 

In this study it was tested on a laboratory scale the interaction of light crude oil (37 
°API) and three natural sediments sizes, mixing in water for 10, 240, and 480 minutes. 
Every batch of experiments consists of mixing 100 ul of oil with equivalent particles 
(p/p) in a baffled flask with 120 ml of distilled water, using an orbital rotator at 200 rpm. 
Every experiment was carried out five times and by every mixing time, it was carried out 
experiments without particles as reference. After mixing, the flask content was separated 
into three phases: C -25 ml in the bottom, B – water column (90 ml), and A –remaining 
mix in the flask (5 ml, plus residues in walls). The oil in every phase was extracted with 
dichloromethane and its concentration was quantified using the UV-Vis spectrometry. 

As result, it was evidenced that the presence of particles influences the behavior crude 
oil in the water column and its effect increase with the time mixing. Without particles, most 
of the oil (70 - 80 %) stays floating in surface water even after 480 minutes of mixing, but 
the presence of particles favored the transference of oil to the bottom. In the experiments 
with the smallest particles (< 38 µm), meddle size particles (125 – 250 µm), and the 
biggest one (250 – 425 µm) the amount of oil on the water surface decreased approx. 
42 %, 35 % y 30 % respectively from 10 minutes to 480 minutes mixing and at the same 
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time increase in the bottom (approx. 36 %, 39 % y 40 % respectively). The most amount 
of oil in the bottom (65 % of oil) was evidenced in the experiments with the meddle size 
particles, and 480 minutes mixing (Figure 1).
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Figure 1. Oil distribution in water, after mixing for 10, 240, and 480 minutes whit 
three particles sizes. 
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Abstract

This study presents the evaluation of crude oils True Boiling Point1 curves (TBP), 
obtained from standard test methods ASTM D28922 and ASTM D52363, amplified with 
Molecular Distillation4 (MD) and its comparison with Simulated Distillation (SimDist) 
through the standardized method ASTM D71695, combined with method ASTM D79006 in 
case of light samples. Typically, petroleum TBP reaches up to incipient Thermal Cracking 
(TC) sings appear3; in those cases, a part of the crude oil remains non-distillable, known as 
Vacuum Bottom residue (VB), being a large amount for heavy oils (HO) and extra-heavy 
oils (EHO). VB represents a complex mixture7 of high molecular weight hydrocarbons8, 
including asphaltenic compounds, with deficient characterization. 

Petroleum TBP are generally developed using cumulative yields from physical 
fractioning according standard methods, that is, distillation of crude oil at atmospheric 
pressure until 371°C, and the remaining mass, distillated at vacuum pressure (10-

1 Torr) to a safe temperature avoiding incipient TC, to ensure the non-appearance of 
new molecules resulting from thermal reactions, that guarantees quality of the remaining 
mass or VB. 

According to the results found by the HOPP research group, regarding the possibility 
of distilling bitumens and heavy crude oils without generating TC9,10, VB fractioning using 
MD process12 allowed their physical separation into fractions through boiling temperatures 
differences, operating at high vacuum pressure (10-4 Torr), reaching temperatures up to 
644°C and 672°C Atmospheric Equivalent Temperature (AET). The resulting yields of 
each product, obtained in a high efficient MD unit built in house, were used to amplify 
crude oils TBP. The quality of MD process was assured from laboratory results, analyzing 
trends in properties such as sulfur content, carbon residue amoung others.
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A complete crude oil distillation curve obtained by gas chromatography or SimDist, can 
start from -162°C and reach up to 720°C, equivalent to molecules with 1 and 100 carbon 
atoms (C1 to C100) respectively. TBP and SimDist curves can be compared showing a 
very close behavior, although, considering the complexity of the chemical composition 
for HO11 and EHO and the dependency of SimDist reference and calibration based on 
paraffinic standards, at temperatures higher than 400°C, it is possible the shape of the 
curves cannot be similar and the modeling of phase behavior may lead inaccurate13.

In this study, 33 amplified TBP from Colombian crude oils between EHO and black oils 
with API gravities ranging from 7° to 35°, were analyzed. Amplified TBP curves increased 
their distillable region from ~43%wt to ~65%wt for EHO (heaviest sample) and from 
~85%wt to ~97%wt for black oil (lightest sample. All crude oil TBP curves were plotted 
with their corresponding SimDist curve, finding a similar behavior between them at high 
temperatures. It is valid to use the results of SimDist to understand the behavior of the 
heavy fraction of crude oils.

This study have an impact on reservoir fluid modeling because it ensures the use of 
TBP and SimDist curves for the interpretation of properties of crude oil heavy fractions 
and their corresponding transformation into carbon groups, larger than reported in 
compositions by GC.

Figure 1. Amplified TBP curves for EHO and Black Oil crude oils. Emphasis on 
the reproducibility of the amplified TBP curve and SimDist curve.
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Abstract

In this work we develop a thermodynamic model for the phase equilibrium process 
of solvent deasphalting between heavy oil feedstock and isobutane solvent. In order 
to accurately describe the extraction effect of light hydrocarbon solvent on heavy oil 
feedstock in solvent deasphalting process, we divide the pseudo-components of heavy 
oil feedstock according to the chromatographic column separation results, and propose 
a set of thermodynamic parameters correlation methods based on the molecular weight, 
hydrogen carbon ratio and aromatic carbon ratio of pseudo-components. Then SRK 
equation of state coupled vapor-liquid equilibrium flash model is used to calculate the 
composition and properties of light and heavy phases when reaching phase equilibrium. 
We further investigate the effects of temperature, pressure and solvent ratio on the key 
properties of the product under different feedstock composition. The results show that the 
four-component phase equilibrium model of solvent deasphalting process can simulate the 
extraction process of heavy oil feedstock and light hydrocarbon solvent system. The four-
component phase equilibrium model realizes the prediction of product composition and 
properties under supercritical conditions in the process of heavy oil solvent deasphalting. 
The predicted results are consistent with the change rules of product composition and 
properties with different conditions in the experimental process, which is expected to 
provide guidance for solvent deasphalting process design and condition optimization.
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Figure 1. Schematic diagram for SDA four-component phase equilibrium model
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Abstract

 The ability of a material to interact with microwave radiation depends on its composition 
and structure. Two types of interactions are identified: dipole rotation and ionic conduction, 
the first is related to the polarity that the molecule presents and on the other hand, ionic 
conduction depends on the presence of ions in the material. These two mechanisms will 
allow the material to interact with the fields that make up electromagnetic radiation and 
generate vibration in the material molecules, which will manifest itself as an increase in 
their temperature. Microwave susceptible materials allow the possibility of developing 
more specific and efficient heating systems since they do not depend on the material’s 
thermal conductivity. Taking into account that Zeolites are microporous minerals with a 
composition of aluminosilicates and a tetrahedral structure, which interacts weakly with 
ions such as Ca+2, Mg+2, Na+, K+. These ions are easily exchanged in the pores of the 
structure and this characteristic makes them a candidate to be used as a microwave 
susceptor (1-2).

This research analyzes the capacity of a synthetic zeolite as a receptor for microwave 
radiation. The crystallographic phases of the mineral were analyzed by X-ray diffraction 
(XDR) (Figure 1). These phases were analyzed using the PDF 4 -database. and it was 
determined that the Zeolite is a Clinoptilolite-Na, although there are other common 
minerals in the composition of the sample, such as albite, muscovite and quartz, as well 
as other aluminosilicates, the one that prevails is clinoptilolite, which is why This material 
is proposed as the basis of a heating system, in which the zeolite is the heat source 
and allows the temperature of materials to be raised with low and null interaction with 
microwave radiation.
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Figure 1. X-ray diffraction pattern for zeolite with Analysis PDF-4 database from 
the 2017 International Centre for Diffraction Data.

(1) Rodríguez-Fuentes G, Ruiz-Salvador A R, Mir M, Picazo O, Quintana G, Delgado M 
1998 Microporous and Mesoporous Materials 20(4-6) 269

(2) Yu J, Yu J, Ying T, Liu X, Zhang X, Han D 2020 Journal of Alloys and Compounds 
838(15) 155629
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Abstract

 Reservoir fluids may present complex phase diagrams involving three-phase behavior, 
due to the presence of different compounds that -when exceeding certain quantities- can 
induce the separation of a second liquid phase. Typical and important cases are carbon 
dioxide, water and asphaltenes, while the mere asymmetry in the mixture of hydrocarbons 
can also be responsible for a three-phase region in the fluid phase envelope. Although 
the behavior and practical implications are quite different in each of these cases, their 
phase diagrams may share some qualitative characteristics, and therefore require similar 
methods and strategies for their calculation.

A general computation strategy, including details on the calculation method for 
three-phase envelopes and highlighting the importance of double-saturation points, 
was presented in Petrophase 2017.1 That work focused on the behavior of asphaltenic 
reservoir fluids, illustrating three different possible topologies for the complete phase 
envelope, based on reservoir fluid cases taken from the literature. 

In this work we study different composition effects on these complex phase diagrams for 
reservoir fluids, with focus on the transitions between different topologies. New possible 
topologies have also been identified and considered in the extension of the strategy for 
computing complete phase envelopes with two and three-phase boundaries. Reference 
fluids considered in this study consisted again of compositions and parameters taken 
from the literature, but in simplified lumped versions. Starting from those fluids, different 
alterations in compositions were used to analyze the effect on the predicted phase 
diagram. The effects and relations observed could help to advance the understanding of 
asphaltenes phase behavior in reservoir fluids.
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Abstract

 The precise determination of water saturation (Sw) is essential to estimate the 
volumes of fluids in the reservoirs and thus better characterize hydrocarbons. However, 
many methods are available for estimating water saturation in formations, although these 
models have limitations, and their input parameters are often unavailable. Consequently, 
this leads to underestimated or overestimated fluid saturations. That is, in Colombia, a 
field located in the Llanos Orientales Basin with a producing unit, the Mirador Formation, 
has about eleven wells; where the value of water saturation and other petrophysical 
properties present uncertainties due to the non-existence of analysis of water samples 
of the Formation of interest for the remaining ten wells, which have only information from 
well logging, and also do not report in the forms 6CR of each well samples of conventional 
and wall cores; in that same order of ideas, a single well report the information of direct 
(cores) and indirect (electrical loggings) measurements; where the core data (Dean-
Stark) of the well under study are the reference to know if the proposed model of Sw 
obtained is predicting correct values. Nevertheless, the information available without a 
data analysis does not favorably to the calculations, presenting underestimated Sw data. 
Likewise, understanding the distribution in the sands is a critical factor in the heavy crude 
reservoir. It is relevant to mention that the Formation in mention the salinity of the water 
is typically < 5000 ppm and heterogeneities with complex fluids, where the resistivity 
profiles are ambiguous. Therefore, the need to answer the concern and outlines the 
current research project delimited by a methodology that is the gear of the logical order 
of their respective objectives starting with the analysis of alternative water saturation 
models through the informative integration of well logging and well cores, identifying the 
critical variables and selecting those that are valid for the calculation of Sw. Then, the 
comparison of Sw models for complex Formation with heavy hydrocarbons; subsequently, 
the resulting representative equation is modeled in adaptive terms, from the formulation 
in mathematical and technical terms defining a proposed model of Sw for the Mirador 
Formation, ending with the analysis of the data of the proposed model of Sw evaluated 
with the singular value decomposition method (SVD); and consequently as an expected 
result the definition of a water saturation model using the programming language in 
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MATLAB which allows estimating the fraction of water and hydrocarbons in the Mirador 
Formation. This situation requires implementing strategies in data analysis with advanced 
mathematical models and the use of software tools such as MATLAB (Figure 1), which 
allows obtaining a sophisticated approximation to reality when the information from direct 
measurements is limited and indirect measurements are inconclusive.

Figure 1. Definition of a water saturation model using software tool MATLAB.

(1)  Adaptado de MATLAB, 2022 (logo), Academic License, Afra, S, G, 2014, 
Heterogeneous Reservoir Characterization using Efficient. American Control 
Conference (ACC), page 6, Baker, (2002), atlas of log responses https://www.
spec2000.net/downloads/LogResponses.pdf
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Abstract

 This study focused on developing a methodology to determining those correlations 
between properties commonly determined in fluid characterization studies1, which allow 
or not, to identify trends for the fluids that are being produced throughout the Magdalena’s 
Middle Valley Basin (MMVB) located in the Colombia’s central zone. To do this, information 
was taken from 13 different fields for the development of the methodology. A total of 283 
different wells and 3535 dead oil’s properties measurements were registered as fluid 
information. To validate the methodology 4 fields with a smaller volume of information were 
selected to perform the validation of the methodology with the inclusion of its information 
in the determined properties correlations. This methodology allows to validate if the fluid 
information is adjusted or not to the general trends of the basin and allow these data to 
be included, in the future, in a general fluid model for the MMVB.

First of all, with all the fluid’s information, it was generated a classification between 
paraffinics (7 fields) and asphaltenics (6 fields) oils using the Witson’s Characterization 
Factor data available. Then the correlation between properties was performed, among 
the properties evaluated and correlated in this study are: API gravity, sulfur content, 
total acid number (TAN), SARA analysis, metal content (nickel and vanadium), dead oil 
viscosities, among other properties.2 From all the information collected and organized, 
it was proceeded to establish those correlations between properties that possibly had 
more relationship between them, having as the main point, correlate the API gravity 
of each of the fluids concerning the other properties and subsequently, correlate the 
other properties with each other. As a result of this procedure, correlation plots were 
generated that, in some cases, presented total dispersion at the time of graphing the 



176

data, in the same way, the generalized and expected trends for the mentioned fluids with 
other correlations were also clearly evidenced. Once the correlations that evidenced the 
trends were established, the information from the validation fields was added and their 
inclusion in the methodology was confirmed (Figure 1 (a)). Finally, contours maps for the 
different properties were generated3 with their real location, which allowed observing the 
behavior from the trends throughout a geographical area (Figure 1 (b)(d)).

The results of this study made it possible to establish correlations between properties, 
some of which were not expected to have a significant impact on the study as the 
correlation between the Sulphur content and the Viscosity (measured at 40°C or 50°C). 
Also, correlations that were expected to have an impact on the development of this study 
were ruled out as the correlation between pour point and wax content (Figure 1 (c)). 
From correlations proposed in this study, it will be possible to determine in the future the 
quality of the information available for the generation of predictive fluid models for the 
fluids present in a geographical area, a fluid system, or in an asset of interest.

Figure 1. (a) Correlation between API gravity and Sulphur Content. (b) Contours 
map for the API gravity data available for the 19 fields studied. (c) Correlation 
between Wax Content and Pour Point. (d) Contours map for the Sulphur Content 

available for the 19 fields studied. 
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Abstract

 Complex and unfavorable characteristics in tight gas-condensate reservoirs require a 
proper design of fluids for formation damage inhibition and remediation. Hence, the main 
objective of this manuscript is to evaluate for the first time the use of Ca-diethylenetriamine 
pentamethylene phosphonate (Ca-DTPMP)- based nanofluids in clay-rich tight gas 
condensate reservoirs for inhibition and remediation of formation damage due to CaCO3 
scales. In this sense, static tests and coreflooding tests were carried out for determining 
the performance of Ca-DTPMP based nanofluids in this type of reservoir. In the static 
evaluations, fluid-fluid and fluid-rock interactions were assessed via batch scale inhibition 
test and batch adsorption isotherms, respectively, to determine the performance of Ca-
DTPMP-based nanofluid at different remaining synthesis fluid (RSF) dosages. The scale 
inhibition performance using two supersaturated saltwater systems was evaluated in the 
presence and absence of Fe+2 and Fe+3 ion sources for Ca-DTPMP-based nanofluids 
at 50 mg·mL−1 and RSF dosages of 0.1, 0.25, 1, and 10vol%. The results reveal a 
decrease of 1.8 and 14.7% in the scale inhibition effectiveness of Ca-DTPMP nanofluids 
in the presence of Fe+3 and Fe+2, respectively. Besides, batch adsorption isotherms of 
Ca-DTPMP based nanofluids over model porous media in the absence and presence of 
clay minerals were carried out to determine the affinity between the nanofluids and the 
rock surface. Results indicate that clay minerals improve the adsorptive capacity of the 
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rock surface by 28.1% regarding the rock without clay. Dynamic tests were conducted 
at reservoir conditions of 5000 psi and 110 °C to account the inhibition and remediation 
effect of the treatment. During the experiments, dynamic evaluation was accomplished 
by 2 kinds of coreflooding tests based on the evaluation of CaCO3 scaling remediation 
and inhibition, followed by the study of induced fines migration damage for confirming 
the effect of the nanofluid in the formation damage for its interaction with the clays. 
Thus, coreflooding tests showed that the injection Ca-DTPMP based nanofluids exhibits 
recoveries in the effective permeabilities for both brine (42%) and oil (60%), showing 
a partial damage removal of the CaCO3 scales. Remarkable results suggest that the 
interactions between the nanofluid and the rock surface affect the effectiveness of the 
treatment during the removal stage. In this case, an increase of 600% of the gradient 
pressure during the coreflooding test was observed, indicating the induction of further 
formation damages by a mechanical mechanism. Besides, clay swelling index estimation 
and the evaluation of the fines migration damage at reservoir conditions was performed to 
identify the possible swelling and/or detachment of the clay minerals after the interaction 
within P-OH and P-O-Ca functional groups from the chemical treatment (Ca-DTPMP 
nanofluid). It was found that the high affinity between the phosphonate compounds of the 
nanofluid and the clay minerals alters the electrostatic interactions with the rock matrix 
promoting the migration of the clay materials and the subsequent blockage of the porous 
media, however, there was no evidence related with clay swelling during the interaction 
of Ca-DTPMP nanofluid with the porous media.

Keywords: CaCO3, Ca-DTPMP nanoparticles, Clay minerals, Iron, Phosphonates, 
Scales inhibition, Tight gas-condensate reservoirs.
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 Abstract

During the process of characterizing and understanding a basin or a reservoir, a robust 
and representative compositional fluid model is required to allow the characterization of 
the variation of PVT properties (saturation pressure, density, among others) along with 
its extension1.

The scope of this study is to build a basin-wide thermodynamic model for a set of 
fluids whose common feature is their unusual natural occurring CO2 content at the time 
of discovery of the reservoirs. This variation in CO2 content, which is in the range of 10 
to 90% mol on a live fluid compositional basis, is associated with the existence of a wide 
range of hydrocarbon systems from black oil/volatile oil to low-yield gas condensate, with 
system transitions exhibiting near-critical-point behavior; all of them controlled by light 
phase CO2 in GOR instead of only light hydrocarbons such as C1-C5 in GOR.

This study focused on adjusting the parameters of a cubic Peng-Robinson equation 
of state (EoS-PR), in such a way that a predictive model can be generated with minimal 
or no regression. This model allows determining the volumetric and phase properties 
of the different fluid systems2-5 and evaluating the diffusion phenomena that dominate 
the gradients of compositional variation with depth6 in each reservoir. The final model, 
controlled primarily by CO2 content, is used in numerical reservoir simulation to evaluate 
field development plans and recovery processes as well as to support basin models 
aimed at understanding both the source of these hydrocarbon systems and processes 
behind this naturally occurring CO2.

The study began with the analysis of all PVT data available in the basin in terms of 
quality and representativeness in situ, which includes compositional studies associated 
with crude oils with densities ranging from 25 to 50 API. Then, the 3-parameter gamma 
function was used for the purpose of modeling all C7+ compositional distributions of 
crude oils with different API gravities.
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Different sensitivities, including that related to the measured molecular weights and 
the shape parameter of the gamma function, were developed to obtain the compositions 
of the live hydrocarbon systems (gas condensate, near-critical fluid, volatile oil and black 
oil) that are used for PVT predictions using the EoS-PR of three parameters7. Then, the 
parameters of the EoS-PR were adjusted to finally generate the models of compositional 
variation with depth to evaluate the presence of equilibrium or non-equilibrium mechanisms 
present in the basin generated by diffusive effects.

The main finding from the compositional gradient analysis view is that the vertical 
distribution of the components is linked to pressure diffusion, especially for those that 
have a greater number of heavy components within the fluid. In addition, it was found 
that CO2 is significantly sensitive to the thermal diffusion (Figure 1), as a result, a direct 
relationship between the thermal effect and the acceleration of the compositional gradient 
was identified.

According to the authors’ best understanding of the subject, this is the first time that 
both PVT data and actual compositional gradients associated with such a wide diversity 
of reservoir hydrocarbon systems with naturally CO2 occurrence content are presented.

A 

B 

Figure 1. Compositional gradients of (a) near-critical and (b) saturated fluid 
systems whit unusual and variable contents of originally dissolved CO2.
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Abstract

 The Modeling of Petroleum Systems represents a fundamental step in the exploration 
process, which is characterized by being a useful tool in the assessment of the different 
opportunities in the exploration portfolio. In this context, it is necessary to enhance the 
geological models that predict the expected fluids at each opportunity according to the 
nearby environment of the accumulations. However, seeking to reduce uncertainty, it is 
not enough to predict the type of fluid expected, but rather it is important to determine 
as precisely as possible its physical properties such as: gas-oil ratio (GOR), API gravity, 
saturation pressure, among others, which directly impact the expected gas and oil 
volumes. In this sense, the study and determination of variables such as: the definition of 
the type of kerogen, the total organic content TOC, the level of maturity and preservation 
of the source rock, and source rock kinetic parameters and composition of its cracking 
products, associated with thermodynamic conditions specific to the environment, they 
are insufficient to determine the degree of precision that seeks to reduce uncertainty and 
be more assertive in the predictions of the expected fluids and their economic impact on 
drilling processes and subsequent development of wells. For this reason, it is important 
to use available PVT data of characterized fluids that allow optimizing the general basin 
modeling methodology by integrating the PVT data at the right time. Consequently, the 
most suitable or acceptable conceptual development model for the accumulation is 
designed, and the predictions related to the fluid should reflect the highest degree of 
certainty.

The Ecopetrol prospectivity groups has been carrying out integrated studies to correlate 
the petroleum system analysis and the presence of different fluid types in foothills and 
foreland Llanos Basin. This specific area of the Colombian territory presents not only 
a high complexity in the geological context, but also a wide compositional variation of 
fluids, with the presence of black oils to low yield gases, passing through volatile oils, 
transitional fluids, and condensate gases. This situation presents a series of very high 



184

challenges at a technical level and offers the opportunity to understand more clearly 
the phenomenology related to the prediction of hydrocarbons from basin modeling. 
For this reason, the objective of this work is to integrate Data PVT to the modeling of 
basin opportunities in the Foreland basin by estimating compositions of fluids commonly 
present in the area, combining rock experimental techniques such as MSSV, and TOC, 
chromatography liquid to known fluids, and recommended mathematical modeling. A 
regional 3D numerical basin and petroleum system model has been performed integrated 
with PVT fluid data from known fields, considering the specific kinetics of the different 
organofacies documented in the basin. The results obtained from the petroleum systems 
modeling must be evaluated in detail, regarding the coherence between the composition 
of the fluids and the physical properties obtained.

This is an initial step to optimize a methodology capable of be applied to other basins, 
even in different geological contexts.
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The properties of asphaltene interfacial films are crucial to defining the stabilization or 
breaking of crude oilemulsions. In this work, the results are presented as a contribution 
to understanding the elasticity of interfacialfilms composed of asphaltene. N-pentane 
insoluble asphaltenes (C5I) were extracted from a crude oil by meansoftheIP143method.
Theasphaltenefractionsweredepositedattheair-waterinterfacefromadichloromethan
espreading solution to form two-dimensional monolayers. The film properties were 
evaluated using a Langmuirtroughundercompressionataconstantrate.Surfacepressure-
areaisothermswereinterpretedfromamathematicmodel of the surface pressure. The 
C5I monolayers displayed an extensive region containing liquid-expanded(LE) and 
liquid-condensed (LC) phases and a well-identified transition region in between these 
phases. ThecompressibilityofLEfilmswasalwayslowerthanthecompressibilityofLCfilms.
Themixedfi lmcompressibi l i tywasinbetweentheLEandLCfi lmcompressibi l i ty.
Thehighestsurfacepressurewas52mN.m-

1for asphaltene fractions, which denotes higher repulsive forces acting in the 
film. Films built by saturates,aromaticsandresinsreachedlowersurfacepressure.
Agradualincreaseinthemaximumsurfacepressureis

noticeable as the concentration of sodium chloride in the system increases. This behaviour 
can be attributed totheincreasedadsorptionofmoleculesattheair-aqueoussolutioninterface
,duetothesalt-outeffect.Theforcesacting on the molecules constituting the film are subject 
to changes in the electrostatic interactions occurring attheinterfaceduetothesaltpresence.
Saltpresencepromotesalterationsinelasticityandphasebehaviouroftheinterfacialfilms
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Figure 1. Surface pressure - area isotherms of asphaltene (C5I) films at 10 ◦C 
and pH 7 at differentsubphasesalinity.

(1) Kabbach, C.B.; Santos,R.G.Energy &Fuels,32, 2018,2811-2818.



187

Posters

Petroleum and Transition Energy



188

PTE-1

Experimental Bubble-Points Measurements of CO2-Crude Oil 
Mixture

Saif Al Ghafri*†1, Vincent Lim2, and Fuyu Jiao1

1Fluid Science & Resources, School of Engineering, University of Western Australia, 35 Stirling 
Highway, Perth, WA 6009, Australia 

Abstract

 A full understanding of the phase behavior of CO2–hydrocarbon mixtures at reservoir 
conditions is essential for the proper design, construction and operation of carbon capture 
and storage (CCS) and enhanced oil recovery (EOR) processes. While equilibrium 
data for binary CO2–hydrocarbon mixtures are plentiful, equilibrium data and validated 
equations of state having reasonable predictive capability for multi-component CO2–
hydrocarbon mixtures are limited. In this work, a synthetic apparatus was used to measure 
the bubble points of systems containing CO2 and crude oil. The apparatus consisted of 
a thermostated variable-volume view cell driven by a computer-controlled servo motor 
system and equipped with a sapphire window for visual observation. The measurements 
were carried out at temperatures up to 373.15 K and at pressures up to 30 MPa. The 
experimental data have been compared with results calculated with the Peng–Robinson 
78 (PR78) and Soave–Redlich–Kwong (SRK) equations of state. 
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Abstract

In this research, the degradation of petroleum wastewater originated from the process 
of experimental improvement of heavy and extra-heavy crude oil was studied, through 
advanced oxidation processes (AOP). 

A particular case is the oil refining effluents known as sour or bitter waters, which 
are produced in the different stages of upgrading heavy and extra-heavy crude. Water 
vapor is used in refineries as a stripping medium in different upgrading processes; crude 
oil refining such as catalytic cracking, delayed coking, visbreaking or hydrotreating. 
The steam is condensed in the presence of hydrocarbons, hydrogen sulfide (H2S) 
and ammonium (NH3), so these compounds are sorbed in the water. These effluents 
generate a major problem for treatment plants, because they contain compounds that 
make sour water samples a complex matrix of organic sulfur, nitrogen, ketones, aromatic 
and aliphatic compounds.

The sour water sample was characterized by measuring the pH, conductivity, 
turbidity and Chemical Oxygen Demand (COD) using the HACH DR2010 method; The 
concentration of Total Petroleum Hydrocarbons (TPH) was determined through the 
ultraviolet fluorescence (UVF) technique Sitelab: EDRO: 16. The chloride concentration 
was determined according to Standard Methods 4500 (1995). Induced Plasma Mass 
Spectroscopy (ICP-MS) was applied for the determination of metals and the concentration 
of sulfides by means of the ASTM D4658-03 standard. Identification of organic species 
was performed by mass coupled gas chromatography (GC-MS). Non-photochemical 
(Fenton-like) and solar photochemical (photoFenton-like and solar photocatalysis) 
reactions were applied with a 22 factorial experiment design with a replica. The treated 
water was evaluated for its pH, conductivity, COD, TPH and the remaining concentration 
of hydrogen peroxide. The identification of the ions generated was carried out by means 
of an Ion Chromatograph (IC). In the non-photochemical reaction, a reduction in COD 
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was obtained by 83.42% and in TPH by 99.92%. For the solar photochemical process, a 
reduction of 91.16% for COD and 100% for TPH was obtained.

The conversion of sulfide to sulfate in the first technique was 44.73% and the second 
was 99.99%. There was greater organic oxidation in the solar photochemical reaction, 
obtaining carbonyls and short-chain carboxylic acids.

Keywords: Advanced oxidation processes, red mud, Fenton-like, photoFenton-like, 
photocatalysis, sour waters, design of experiments.
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 Abstract

 Polyethyleneterephtalate (PET) is perhaps one of the most popular polymers in the due 
to its application in various industries, especially the food industry that generally uses it as 
a container for varieties of food and soft drinks, however, its residue and final disposition, 
harm and infest our most vulnerable ecosystems, some for more than 50 years, average 
time they require to biodegrade, constituting an unprecedented environmental problem, 
therefore the academy and the industries involved are aware of the problem, generating 
a growing interest in the search for new forms of recycling and optimization of existing 
ones, including chemical recycling based on some method of solvolysis, such as the 
hydrolysis method, its implementation would allow to take advantage of a waste that has 
a high molecular richness, with a high return performance and low amount of energy 
required, helping significantly to reduce the environmental impact compared to other 
processes, therefore this research mainly seeks to characterize and evaluate this method, 
using PET as a residue, in order to verify and contribute to the wider community, whether 
this type of process is feasible and in turn check whether a product can be obtained from 
recovered resources, specifically in the synthesis of a metal-organic framework (MOF).

Keywords: Polyethylene terephthalate, chemical recycling, plastic waste, acid 
terephthalic, metal-organic frames, hydrolysis.
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Figure 1. MOF-5 or IRMOF-1 is a metal-organic frame compound with the 
formula Zn4O(BDC)3, where BDC2 =1,4-benzodicarboxylate. (MOF-5) was found by 

Omar M. Yaghi.
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Abstract

 Foamed polystyrene (PS), commercially known as Icopor, occupies a very important 
place in transport and preservation systems for goods and food, but it is also one of 
the main polymer contaminants, due to its low biodegradability and low reusability. 
Polystyrene has aromatic and aliphatic functional groups in its structure, which present 
a high hydrophobicity, which makes them candidates as permeability and surface 
properties modifiers, although for this purpose the implementation of solvents is also 
required. In the following work, polystyrene residues from domestic and food use were 
used to obtain coatings, which allow modifying the surface tension, on surfaces with high 
water permeability. For this purpose, the polymeric residue was dissolved in organic 
solvents, generating a varnish, which was used to coat the surface under study, of which 
the surface tension with respect to water was previously known through the analysis of 
the contact angle; compared with those obtained after coating, resulting in an increase 
of the contact angle, which indicates an increase of the surface tension, which confers 
hydrophobicity to the new surface. In this way the polymer becomes the basis of a family 
of paints and coatings that protect the integrity of homes and buildings. 
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Figure 1. Post-consumer polystyrene coating dissolved in ethyl acetate 
(commercial nail polish remover) applied to a gray cement cube. Note: the drop 

represents the hydrophobicity of the coating on the test material.

Source: Authors
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 Abstract

 The use of nanoparticles and biomass in the area of energy has increase in recent 
years. The development of nanofluids for the oil industry, Nano catalysts, photovoltaic 
nanocrystals and other nanocomposites are common materials used in the oil industry. 
The larger area and confinement quantic effect of the nanomaterial make shown a higher 
efficiency and performance to their traditional counterparts with microscopic sizes. On the 
other hand, the use of biomass and its derivatives in the search for sustainable energy is 
a goal for developing countries to reduce dependence on non-renewable energy sources 
and move to a process of renewable energy generation, more environmentally friendly 
and sustainable. With this premise we are developing a methodology circumscribed 
in the circular bioeconomy to develop biofuel and new nano composite materials from 
rice husks. In our methodology, the rice husk is pyrolyzed at high speed transforming 
the organic material (75%, mostly cellulose and lignins) in condensates and 18% in 
mesoporous silica. The condensate is composed of a mixture of organic compounds, 
mostly phenolics, carboxylic acids, a low content of saturates and 15% of high molecular 
weight components. The solid phase is composed of amorphous silica which after a 
milling process is transformed into nanosilica with size distribution around 25 nm 
and a porosity of more than 76% with average pore size of 3 nm. The nanosilica is 
converted into nanocatalysts filling their pores by impregnation and thermal treatment 
with a mixture of Co/Mo or Ni/Mo in appropriate ration. These nanocatalizers are used 
for biofuel upgrading through catalytic deoxygenation processes. With this methodology 
a biofuel with good characteristics is obtained that can be used to generate energy and 
as a secondary product a nanometric silica that has diverse applications in the industry, 
among them the production of nanocatalysts. All the process is sustainable from the 
energetic point of view and transform waste material (rice husks) in valuable materials as 
nanocatalizers and upgraded bio oil. The unmodified silica can be used as CO2 trapping 
agent to have a bioeconomic with zero CO2 footprint process.



196

PTE-6

CO2 Adsorption and Wettability of Shale

 Jinsheng Wang1†, David Ryan1, Hanin Samara2, Philip Jaeger2, and Ana Maria Nova Bastidas 3*

1CanmetENERGY, Natural Resources Canada, 1 Haanel Dr., Ottawa, Ontario, K1A 1M1 Canada
2Institute of Subsurface Energy Systems, Clausthal University of Technology,

Agricolastr. 10, 38678 Clausthal-Zellerfeld, Germany
3Eurotechnica GmbH, An den Stücken 55, 22941 Bargteheide, Germany

Abstract

 Production of oil and gas from shale reservoirs has increased in recent years. 
However, the recovery rate is low, leaving vast volumes of unproduced resources in 
the subsurface. Besides, shale oil and gas development results in higher greenhouse 
gas emissions, worsening the global climate change. To increase resource recovery and 
reduce greenhouse gas emissions, injection of CO2 captured from industrial emitters 
into the reservoirs to drive oil and gas out of the surface and retain the CO2 in shale 
has been actively investigated. A problem with injection of CO2 into shale reservoirs 
is poor injectivity caused by low permeability of shale. When water is present in the 
reservoirs, the capillary force would oppose the entry of CO2, aggravating the injectivity 
problem. In this work, we have studied the wettability of a shale by measuring the contact 
angle of water on shale surrounded by CO2, and found that the shale becomes less 
water-wet under high CO2 pressure, as reflected by the increase of the water contact 
angle shown in Figure 1. The decrease in the water wettability would lead to decrease in 
the capillary force and increase in CO2 injectivity. We have also observed a correlation 
between the increase of water contact angle and increase of CO2 adsorption on shale, 
which is considered the principal mechanism for retention of CO2 in shale. Based on the 
experimental results of contact angle (Figure 1) and adsorption (Figure 2), the correlation 
is analyzed in terms of interfacial interactions. 
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 Figure 1. Water contact angle on shale under CO2. Figure 2. Adsorption of CO2 on 
shale. 
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Abstract

 Selective conversion of biomass-derived pyrolysis oils and native lignin into small 
molecules and materials is a key component of the transition from petroleum towards 
more renewable sources of fuels and chemicals. In this talk we will report silica-supported 
copper and nickel nanocatalysts for internal transfer hydrogenolysis of lignin β–O–4 
model compounds and, more importantly, lignin itself under remarkably mild conditions. 
Importantly this simple and scalable one-pot procedure requires no reducing agent, or any 
other stoichiometric additive, reinforcing the overall greenness of this approach. Hydrogen 
donor solvents enhance C–O bond cleavage, especially in model polymers and native 
lignin samples. Partially deoxygenated sinapyl and coumaryl alcohol phenylpropanoid 
monomers are isolated from organosolv lignin using a bimetallic Cu–Ni catalyst which 
mediates C–O bond hydrogenolysis is followed by hydrodeoxygenation of the aliphatic 
sidechains.

Separately we will disclose electrochemical strategies for lignin depolymerization 
and upgrading. Specifically, both kraft and dioxasolv lignin samples are depolymerized 
under either electro-oxidative or electro-reductive conditions, providing small monocyclic 
aromatic molecules such as vanillin, guaiacol and propyl benzene. Both aqueous and 
organic electrolytes are suitable for these electrochemical lignin depolymerization 
reactions, which proceed under ambient temperature conditions. Finally, we will 
describe electrochemical rearrangement of the native lignin biopolymer into structurally 
distinct oligomeric and polymeric molecules which are ideal precursors for carbon fibre 
manufacture.
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Abstract

 The main objective of this study is to evaluate multifunctional nanomaterials that 
allow the capture of CO2 and its subsequent transformation into valuable sub-products 
during the catalytic decomposition of asphaltenes in a steam gasification atmosphere 
for shallow reservoirs. To this aim, three ceria nanoparticles with cubic (C-CeO2), 
orthorhombic (O-CeO2), and spherical (S-CeO2) were tested in four stages including: i) 
CO2 capture at 30, 50, 100, and 200 °C between 0.084 and 3.0 MPa, ii) dynamic in-situ 
CO2 capture between 170 and 230 °C at atmospheric pressure, iii) dynamic in-situ CO2 
capture in the presence of steam between 170 and 230 °C at atmospheric pressure and 
iv) dynamic in-situ CO2 capture in the presence of steam with adsorbed asphaltenes 
between 170 and 230 °C at atmospheric pressure. CO2 conversion was analyzed in the 
last three stages. The best nanoparticle morphology was doped with 1 wt.% of Ni and 
Pd (C-NiPdCe) and was tested in the same experiments. Dynamic in-situ CO2 capture 
was estimated by introducing a fixed molar flow (0.296 mmolCO2 min-1) of CO2 in a TGA 
device and analyzing the exhaust gases with a mass spectrometer. From the first stage, 
CO2 capture increased in the order S-CeO2 < O-CeO2 < C-CeO2< C-NiPdCe. At 30 °C 
the CO2 capture was ~ 7.2, 7.7, 8.0, 9.0 mmol·g-1 on S-CeO2, O-CeO2, C-CeO2, and 
C-NiPdCe, respectively. In addition, the CO2 capture remains high at all temperatures 
evaluated. On the other hand, during the second stage during 60 min of isothermal 
(200 °C) heating without steam, the in-situ CO2 capture was 4.3 mmol, 4.6 mmol, 5.5 
mmol, and 5.6 mmol of CO2 were captured by S-CeO2, O-CeO2, C-CeO2, and C-NiPdCe, 
respectively. Similarly, 0.30 mmol, 0.32 mmol. 0.35 mmol, and 0.38 mmol of CO2 were 
converted by the same systems. Then, once steam in injected, the CO2 capture was 
reduced. At 200 °C was reduced 3.0%, 2.7%, 2.5%, and 2.0% when the process is 
assisted by S-CeO2, O-CeO2, C-CeO2, and C-NiPdCe, respectively. In an opposite way, 
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the increased up to 2.85, 2.80, 2.70, and 2.62% in C-NiPdCe, C-CeO2, O-CeO2, 
and S-CeO2, respectively. Similar trends were found at 170 and 230 °C. During the third 
stage, the C-CeO2 nanoparticle capture around 24.3% and converts 15.2%, that is, 3.92 
mmol and 2.45 mmol of CO2 at 200 °C during the 60 min analyzed. Then, the in-situ CO2 
capture (%) was reduced in orthorhombic and spherical nanoparticles to 18.6% (3.00 
mmol) and 23.7% (3.82 mmol), respectively. Moreover, the C-NiPdCe capture 37%, 34%, 
and 26%, at 170 °C, 200 °C, and 230 °C of CO2, respectively, that is, 11.6%, 11.8% and 
1.6% more than C-CeO2 at the same temperatures. Finally, for CO2 conversion, it was 
obtained a mixture of gases composed of CO, CH4, H2, and light hydrocarbons (LHC). 
The hydrogen production content follows a trend that agrees well with each material’s 
adsorptive capacity and catalytic activity for in-situ CO2 capture during asphaltene 
gasification evaluated conditions. The maximum %vol of H2 at 200 °C was 31%, 29%, 
24%, and 23% for C-NiPdCe, C-CeO2, O-CeO2, and S-CeO2, respectively.
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Abstract

 The dental industry sector uses many polymers as biomaterials, such as 
polymethylmethacrylate (PMMA), alginates or cellulose acetate, the latter widely used 
in the manufacture of retainers and neuro-relaxing plates, with the growing popularity 
of dental treatments. orthodontics, the use of this material has increased greatly, to the 
point that in a dental laboratory about 10 Kg of waste from this polymer is produced 
per week. In this work, a spectroscopic and thermogravimetric characterization of the 
residual material is proposed, which allows corroborating that, in effect, this material is 
cellulose acetate and, based on the results, propose chemical and mechanical recycling 
methods, which lead to obtaining of higher value-added products. The results obtained 
by infrared spectroscopy allowed to detect the characteristic functional groups for 
cellulose acetate, and its thermogravimetric behavior is expected for a thermoplastic 
polymer. The dissolution of the post-consumer cellulose acetate in commercial methyl 
acetate (nail polish remover) was carried out, obtaining a good dissolution of the material. 
Subsequently, the silver nanoparticles were prepared from a mixture of silver nitrate, 
sodium hydroxide and ethylene glycol, which was subsequently subjected to one minute 
of microwave radiation, to obtain silver nanoparticles, which were characterized by UV-
Vis, FTIR and SEM. 5% silver nanoparticles were added to the previously prepared 
cellulose acetate polymer solution, and it was subjected to an evaporation process to 
obtain the composite material. which was characterized by SEM and is planned to be 
used as an antiobacterial material, and its tests are currently in process.

Keywords: Cellulose Acetate, Biomaterials, Silver nanoparticles, Clorhexidine 
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 Abstract

  Due to the growing concern about global warming, different worldwide governments have 
joined the Net-zero emission (NZE) by 2050 initiative, which establishes the main strategies 
for reaching net-zero emissions of greenhouse gases for the mentioned year, including all the 
energy production, storage, distribution and usage sectors [1]. In this scenario, the International 
Energy Agency (IEA) estimates an increase in the energy consumption from the hydrogen 
passing from 0.1% of the total energy in 2020, to 2% in 2030 and 10% in 2050. [2]. Precisely, 
for its characteristics, the hydrogen can behave like an energy vector, being the only one with 
the capacity to compete with electricity as a zero-carbon energy source easy to store and easy 
to transport [2, 3]. However, about 80% of the hydrogen, about 90 Mt, was produced from 
fossil fuels, generating near 900 Mt of CO2 [2]. This situation pinpoints another challenge: the 
decarbonization of hydrogen production, giving the change to the surge of green hydrogen 
production. This is produced by water electrolysis powered by removable energy sources like 
solar and wind [4]. In the specialized literature, there had been reported several works about 
used electrodes, their material and geometry [5-12], just like the used electrolyte [7, 13-16], 
including seawater [17] and graphene quantum dots [18]. However, can’t be found a single work 
using an oil field production water as an electrolyte. Thus, this work has studied the impact 
of the hydrocarbon content of a typical oil field production water in the production of green 
hydrogen by electrolysis. For this, as can be seen in Figure 1, linear sweep voltammetry (LSV), 
cyclic voltammetry (CV) and Tafel analysis were carried out to determine the impact of the oil 
present in the electrolyte in the electrochemistry of the system. There was found that hydrogen 
production remains almost constant for oil concentrations ranging from 0 ppm to 400 ppm. Also, 
the kinetics of the reaction was similar in all cases. The main difference was noticed in the 
chlorine production, which increased with the oil content. These results were checked with mass 
spectrometry. The production of green hydrogen from crude oil production water was proven 
as doable. This exploratory work opens some other investigation roads for improving hydrogen 
production, diminishing the production of other subproducts such as chlorine.
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(a) (b) 
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(e) 

Figure 1. CV curves for graphite electrode for rates of 2, 5, 10, 10, 20, and 50 mV/s 
in 0.25 M NaCl brine. (b) CV cyclic voltammetry for the four crude concentrations 
with scan rate was set at 20 mV/s. (c) LSV curves for the potential range between 
-0.9 V and 2 V for the four scenarios studied. (d) Tafel Plot for hydrogen evolution 
reaction (HER) from LSV curve and electrode area. (e) Potentiometry for 23 hours 

to evaluate the system’s behavior, including the production flow rate

References
[1]  I. E. Agency, “Net Zero by 2050 A Roadmap for the Global Energy Sector,” 

International Energy Agency, 2021. [Online]. Available: https://iea.blob.core.



204

windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-
ARoadmapfortheGlobalEnergySector_CORR.pdf

[2]  I. E. Agency, “Global Hydrogen Review 2021,” International Energy Agency, 2021. 
[Online]. Available: https://iea.blob.core.windows.net/assets/3a2ed84c-9ea0-458c-
9421-d166a9510bc0/GlobalHydrogenReview2021.pdf

[3]  I. Staffell et al., “The role of hydrogen and fuel cells in the global energy system,” 
Energy & Environmental Science, vol. 12, no. 2, pp. 463-491, 2019.

[4]  M. Newborough and G. Cooley, “Developments in the global hydrogen market: The 
spectrum of hydrogen colours,” Fuel Cells Bulletin, vol. 2020, no. 11, pp. 16-22, 
2020.

[5]  N. Nagai, M. Takeuchi, T. Kimura, and T. Oka, “Existence of optimum space between 
electrodes on hydrogen production by water electrolysis,” International journal of 
hydrogen energy, vol. 28, no. 1, pp. 35-41, 2003.

[6]  H. Saleet, S. Abdallah, and E. Yousef, “Effect of Electrodes’ Geometry on Hydrogen 
and Oxygen Production Using PV Powered Water Electrolyzing System,” International 
Journal of Applied Engineering Research, vol. 12, no. 16, pp. 6002-6011, 2017.

[7]  S. S. Kumar and V. Himabindu, “Hydrogen production by PEM water electrolysis–A 
review,” Materials Science for Energy Technologies, vol. 2, no. 3, pp. 442-454, 2019.

[8]  S. S. Kumar and V. Himabindu, “Boron-Doped Carbon nanoparticles supported 
palladium as an efficient hydrogen evolution electrode in PEM water electrolysis,” 
Renewable Energy, vol. 146, pp. 2281-2290, 2020.

[9]  S. S. Kumar, S. Ramakrishna, B. R. Devi, and V. Himabindu, “Phosphorus-doped 
carbon nanoparticles supported palladium electrocatalyst for the hydrogen evolution 
reaction (HER) in PEM water electrolysis,” Ionics, vol. 24, no. 10, pp. 3113-3121, 
2018.

[10]  S. S. Kumar, S. Ramakrishna, S. V. Krishna, K. Srilatha, B. R. Devi, and V. 
Himabindu, “Synthesis of titanium (IV) oxide composite membrane for hydrogen 
production through alkaline water electrolysis,” South African Journal of Chemical 
Engineering, vol. 25, no. 1, pp. 54-61, 2018.

[11]  A. Yuvaraj and D. Santhanaraj, “A systematic study on electrolytic production of 
hydrogen gas by using graphite as electrode,” Materials Research, vol. 17, no. 1, pp. 
83-87, 2014.

[12]  S. Cheng and B. E. Logan, “High hydrogen production rate of microbial 
electrolysis cell (MEC) with reduced electrode spacing,” Bioresource technology, vol. 
102, no. 3, pp. 3571-3574, 2011.

[13]  M. H. Sellami and K. Loudiyi, “Electrolytes behavior during hydrogen production 
by solar energy,” Renewable and Sustainable Energy Reviews, vol. 70, pp. 1331-
1335, 2017.

[14]  L. Amaral, D. Cardoso, B. Šljukić, D. Santos, and C. Sequeira, “Electrochemistry 
of hydrogen evolution in ionic liquids aqueous mixtures,” Materials Research Bulletin, 
vol. 112, pp. 407-412, 2019.



205

[15]  L. Amaral et al., “Toward Tailoring of Electrolyte Additives for Efficient Alkaline 
Water Electrolysis: Salicylate-Based Ionic Liquids,” ACS Applied Energy Materials, 
vol. 1, no. 9, pp. 4731-4742, 2018.

[16]  L. Zanchet et al., “Cation influence of new imidazolium-based ionic liquids on 
hydrogen production from water electrolysis,” Ionics, vol. 25, no. 3, pp. 1167-1176, 
2019.

[17]  G. Amikam, P. Nativ, and Y. Gendel, “Chlorine-free alkaline seawater electrolysis 
for hydrogen production,” international journal of hydrogen energy, vol. 43, no. 13, 
pp. 6504-6514, 2018.

[18]  S. Zhang et al., “Graphene quantum dots as the electrolyte for solid state 
supercapacitors,” Scientific reports, vol. 6, no. 1, pp. 1-7, 2016.



206

PTE-11

EOR using CO2/FlueGas Injection for methane production in a 
hydrate formation using replacement stimulation potentiate with 

nanoparticles in a micromodel scale

Frank V. Acosta1, Geir Ersland 2, Camilo A. Franco1, Farid B. Cortes1

1Universidad Nacional de Colombia – Sede Medellín, Departamento de procesos y energías, 
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Abstract

 The growing energy demand leads to an increase in the consumption of fossil fuels 
which in turn cause environmental impacts such as greenhouse gases in which CO2 
predominates with 82% of its total composition. Thus, CCUS (carbon capture, utilization, 
and storage) technologies are emerging. This study is focused on the geo-storage of 
CO2 in methane hydrates since an excellent synchronization is projected between storing 
pollutants and producing methane using the replacement and depressurization technique. 
The experiments are carried out in a representative system of the porous medium at the 
micro-scale (Figure 1). Initially, silica nanoparticles are surface modified with different 
amine groups (Ethylenediamine - CTAB) at a concentration of 0.5 %wt to enhance the 
selective CO2 capture in the porous medium, the nanoparticles are characterized by 
SEM, XPS FTIR, and TGA analysis. Hydrate formation is performed in three steps. 1) 
brine injection at different nanoparticle concentrations (0 - 0.05 - 0.1 - 0.15 %wt), 2) 
methane is injected for the porous medium, 3) finally CO2/Flue gas is injected until the 
pressure (8.3 Mpa) of hydrate stability is achieved and the temperature is set to 0.5 
°C. Afterward, the hydrates are dissociated by pressure reduction and by photographic 
recording and using Paint.Net software the corresponding measurements are made to 
determine CH4 hydrate saturation, CO2 hydrate saturation, and amount of free gas in the 
porous medium (CH4/CO2). 
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Figure 1. Schematic diagram of the assembly for the creation of hydrates at 
micro-scale. Image modified from (Almenningen et Al, 2021). 
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Abstract

 Water is a vital liquid for developing biological, industrial, and social processes. 
However, by 2020, the availability of drinking water decreased by 20% worldwide, leaving 
more than 2 billion people without access to high-quality water. Thus, this work was 
based on freshwater production from air dehumidification using silica- based supported 
materials in two climate zones in Colombia to deal with this lack of water. The results 
showed that the material synthesized based on a hygroscopic CaCl2 salt supported on 
silica (SHS) has a high sorption capacity and efficiency even after ten sorption/desorption 
cycles. The obtained water isotherms had the same tendency for 20, 30, 40, and 60 ◦C, 
showing type II behavior based on the International Union of Pure and Applied Chemistry 
(IUPAC) classifications from 2015. A sorption capacity of 0.85 g·g −1 for a relative humidity 
of 84% was obtained. Based on the thermodynamic properties of sorption, the process 
is defined as spontaneous and exothermic. For the field tests, simple equipment was 
designed for water sorption/capture during the night, while the desorption/condensation 
process occurs during the day. The exclusive use of solar energy generated productivity 
above 0.6 g·g −1 in the environmental conditions of Santa Fe-Antioquia and the Tatacoa 
desert in Colombia. The relative humidity was less than 80% during the entire test. The 
desorption temperature was lower than 40 ◦C, which shows the high capacity of the 
SHS to produce water in semidesert conditions at low temperatures. Thus, this SHS 
can produce water in challenging environments, generating a positive social impact by 
providing fresh water to those communities that need it most.
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Abstract

  The increasing world energy demand has contributed to researching and developing 
new renewable and sustainable energy generation forms. However, fossil fuels such 
as oil will continue to be essential for development and energy transition in the coming 
decades [1]. The oil and gas industry consumes 10% of the total oil produced to satisfy 
their energy requirement, with 90% of the consumption being thermal energy used in 
production and refining [2], which opens the opportunity for the use of concentrating solar 
power (CSP) to supply the thermal requirement of the industry [3]. The separation of 
water associated with the crude oil is commonly performed by chemical treatment and a 
thermal heating process achieved by gas burning. Currently, the gas produced in the field 
of study is not enough to satisfy the energy demand, causing problems in the treatment, 
fiscalization, and sale of crude oil. Consequently, a hybrid heating system (CSP/Gas) 
based on concentrated solar power was developed for the treatment and dehydration of 
crude oil through a project design in TRNSYS 18 software, considering solar irradiation 
of 4.5 KWh/m2 and using parabolic concentrators as a solar collection system as a partial 
substitute to the gas combustion method currently used. The hybrid system achieved a 
reduction in gas consumption of about 37% and a reduction in CO2 emissions of more 
than 680 tons/year. The application of concentrated solar power in the crude oil treatment 
process has significant advantages over the traditional gas combustion method because 
it generates a significant reduction in gas consumption, is a low-cost process, provides 
a constant supply of heat, significantly reduces greenhouse gas emissions, reduces the 
carbon footprint and improving the public perception of the oil and gas industry.
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Figure 1. Conceptual diagram of the heating system based on concentrating 
solar power for crude oil treatment.
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Abstract

 Farming practices associated with extensive livestock grazing in tropical areas 
worsen global climate change by releasing greenhouse gases (GHG) and promoting soil 
desertification due to erosion, compaction of soil, and loss of organic matter. The rational 
rotational regenerative (RRR) grazing system presented here solves this problem. 

The unique radial RRR design (Figure 1) provides a carbon sink in the livestock 
industry by reducing emissions and capturing carbon and nitrogen while improving 
livestock nutrition and enhancing the living conditions of the communities. This system 
integrates livestock, soil improvement, forestation, carbon dioxide (CO2) sequestration, 
methane (CH4) utilization, and nitrous oxide (N2O) reduction. The system also includes 
biogas & biofertilizer production from waste. Technology facilitates the optimization of the 
project with the utilization of photovoltaic renewable energy, real-time visual tracking with 
cameras and drones, and Big-Data management. The project also looks to safeguard 
forests and protect biodiversity with the formation of ecological corridors.

The radial RRR project intends to manage a high density of 10 heads per hectare, in 
contrast with the conventional-extensive cattle industry that operates about 0.5 heads 
per hectare. Every radial module of 100 hectares includes more than 130,000 selected 
protein bank trees and legumes that sequester CO2 and N2 to add organic matter to soils, 
enhance cattle nutrition and provide shade. Digesters extract biogas (a mixture of CH4 
and CO2) from manure. The produced biogas would replace the community’s firewood 
cooking method commonly used. Other products from the digestor are biofertilizers that 
will reduce the use of chemical fertilizers. This system closes the loop for an entirely 
circular economy.

This natural climate solution (NCS) project looks to deliver environmental, biodiversity, 
and social benefits in line with United Nations Sustainable Development Goals. We work 
in collaboration with government entities and private organizations.
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Figure 1. Radial RRR Module 
Project under development at Cumaribo, Vichada – Orinoquia Region in 

Colombia
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Abstract

 Research aim is to evaluate and compare thermodynamically and environmentally 
the energy quality of crude oil extracted with saturated steam injection in the presence 
of nanofluids compared to traditional extraction (without the presence of nanoparticles). 
The analyzed process consists of the injection of steam of different qualities following the 
stages: (i) injection of water, (ii) injection of steam of quality 0.5, (iii) injection of steam 
of quality 1.0, (iv) discontinuous injection of nanofluids, and (v) steam injection after the 
injection of nanofluids in grades 0.5 and 1.0. The prepared nanofluids AlNi1 and AlNi1Pd1 
consist of 500 mg L−1 of alumina doped with 1.0 mass fraction Ni (AlNi1) and alumina 
doped with 1.0 mass fraction Ni and Pd (AlNi1Pd1) , respectively, and 1000 mg ·L−1 of 
tween 80. The exergy of the streams involved and the exergy in the porous media before 
and after the treatment are calculated. The life cycle analysis is implemented to evaluate 
the reduction of the environmental impact that is achieved when steam injection is used 
in qualities 0.5 and 1.0 and nanoparticles in qualities 0.5 and 1.0. The results show that 
the use of nanoparticles allows obtaining a crude oil with a higher energy quality, 512.89 
BTU. Instead, with the use of steam and steam with monometallic nanoparticles, 261.10 
and 322.83 BTU are obtained, respectively. In addition, it is shown that the process with 
bimetallic nanoparticles has a higher exergy efficiency (η = 0.53) than the process with 
monometallic nanoparticles (η = 0.45); that is, in this process a better (crude) product 
is produced despite the exergy destroyed. Environmentally, a reduction of 46% and 
40% of the carbon footprint is achieved in the 1.0 quality steam injection system without 
nanoparticles and with 1.0 quality nanoparticles compared to the 0.5 quality steam 
injection. In conclusion, the use of bimetallic nanoparticles in crude oil extraction shows 
a better product with better energy performance.
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Figure 1. Carbon footprint of the extraction of crude oil with saturated steam in 
the presence of nanoparticles.
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Abstract

 Through Foam injection as an enhanced oil recovery method, the limitations 
associated with high gas mobility in gas injection technologies can be overcome and its 
sweep efficiency can be improved. However, foams are thermodynamically unstable. 
Incorporating nanoparticles in foam solutions increases foam stability due to the alignment 
of nanomaterials at the bubble-fluid interface, avoiding the liquid drainage of the lamella 
and reducing the interbubble gas diffusion. In this work it was investigated how surfactant 
adsorption to nanoparticles affects foam stability. Besides, the effect of nanoparticle 
concentration on the wettability and availability of surfactant at the gas-liquid interface 
were evaluated. Modified SiO2 nanoparticles (SiO2/A SiO2/B and SiO2/VR) and an anionic 
surfactant solution were used and evaluated by surfactant adsorption experiments, 
foam stability and flooding tests. It was found that the effectiveness of foam stability 
improvement is determined by the adsorption affinity of surfactant to the nanoparticle 
surface. The results revealed that the modification of surface wettability of nanoparticles 
after the adsorption process and the alignment of the adsorbed surfactant molecules once 
the nanoparticles are located in the gas-liquid interface determine foam stability and low 
surfactant adsorption onto the nanoparticle surface implies high nanoparticle dosage. 
The adsorption of surfactant on the nanoparticles reduces the surfactant concentration 
in the brine solutions to 35.1% for SiO2/VR and 90.2% for SiO2/B, which means that less 
surfactant is available to reduce interfacial tension and promote bubble formation. Figure 
1 shows a schematic representation of the surface of the nanoparticles in the presence 
and absence of surfactant for SiO2 and SiO2/VR (1). This work elucidates on the effects 
of nanoparticle surface wettability and surfactant concentration on foam stability for EOR.
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Figure 1. Schematic representation of surfactant P alignment on SiO2 
nanoparticles after the adsorption process. (a) SiO2 in the absence of the adsorbed 
surfactant, (b) SiO2 in the presence of the adsorbed surfactant, and (c) SiO2 coated 

with vacuum residue (VR) in the presence of the adsorbed surfactant.

References
(1) N. N. Nassar, F. B. Cort, and C. A. Franco, Nanoparticles: An Emerging Technology 

for Oil Production and Processing Applications, vol. 32. 2021.



217

PTE-17

Development of Silica Nanoparticles Biomass-Derived for 
Enhanced Carbon Capture and Storage Process (e-CCS) for Flue 

Gas Streams in Shallow Reservoirs

Lady J. Giraldo1, Viviana Ortiz1, Sebastian Diaz1, Oscar Medina1, Farid B. Cortés1, and 
Camilo A. Franco1
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Abstract

 Carbon capture and storage (CCS) is considered as a key process to reach net-zero 
emission by 2050 aim limiting global warming; However, its global implementation has 
been limited due to technical-economic considerations mainly related to i) the process of 
CO2 separation from the flue gas stream, and ii) the technical facilities required to inject the 
captured CO2 in deep geological deposits. Thus, this work proposes an enhanced e-CCS 
process based on nanomaterials inclusion where the flue gas stream can be injected 
directly into a reservoir, and the selective separation of the CO2 is carried out in-situ 
underground, besides including advantages related to the direct application in shallower 
reservoirs (<300 m) enhancing storage efficiency based on surface modifications onto the 
rock by molecular interactions with the rock- nanomaterial-CO2. Thus, this work includes 
nanomaterial synthesized from rice husk like agro-waste sources with better technical-
economic feasibility framed in a circular economy to reduce costs and maximize the 
use of available resources. The silica nanoparticles synthesized were characterized by 
hydrodynamic size, scanning electron microscopy (SEM), Fourier transforms infrared 
spectroscopy (FTIR), thermogravimetric analysis (TGA), and surface acidity. Silica 
Nanoparticles (RSi) were modified on the surface using urea (RSi-U), diethylamine (RSi-
DE), triethylamine (RSi-TE), and ethylenediamine (RSi-EM) to enhance preference for 
CO2, doped with 1, 3, and 5 wt% in mass fraction of urea and each amine group. Then, 
CO2 capture was evaluated at 30°C and different conditions of pressure (0,01 MPa to 3 
MPa) using a CO2 stream and flue gas stream to determine the adsorption performance 
of the nanomaterials. In this study, the nanomaterials with better performance were used 
as surface modifying agents onto porous medium to improve the selective adsorption 
of CO2 and storage in situ. Ottawa sand was used as a geological media and was 
impregnated with a nanofluid of silica nanoparticles dispersed in deionized water. The 
results obtained showed a high adsorption capacity of the synthesized nanomaterials 
and enhanced capture of CO2 and storage in shallow reservoirs.
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Figure 1. High-pressure CO2 adsorption isotherms for materials RSi-U0.7, 
RSi-U4.2, and RSi-U10 at 30°C. The Sips model used for modeling the isotherms is 

represented as black dotted line.
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Abstract

 CO2 emissions in the air had been gradually increasing due to industrial activities, fossil 
fuel burning (oil, natural gas and coal) and deforestation of natural reserves. Furthermore, 
this increment contributes to greenhouse effect and consequently to global warming. The 
problem is not only due to high CO2 concentrations, but its impact is greater due to its 
permanence in the atmosphere and in the oceans during a long life cycle. The objective 
of this study was to develop a polymer-surfactant dispersion system for CO2 capture. In 
order to achieve this, different systems were formulated, which were injected with CO2 
under the same conditions of pressure and ambient temperature. Conductivity, surface 
tension, kinematic viscosity and the amount of carbon dioxide captured were determined. 
Amine polymers showed greater effectiveness than alkyl amine systems, achieving 
satisfactory results at low concentrations (Figure 1). Polymer-surfactant system design 
was based upon synergy of the components, which made it sensible to CO2 presence. 
These surfactant systems may be considered a new source of capture in addition to 
benefits such as low cost, non-toxicity, biocompatibility and environmentally friendly.

Figure 1. Capture of CO2 by the different polymer-surfactant systems.
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 Abstract

 The human being presents a growing energy demand, which has promoted 
achievements in science and technology. However, negative impacts have been 
obtained, such as the increase in CO2 emissions as a by-product of fossil fuels. One 
of the most widely used energy sources today. A promising alternative solution is the 
implementation of renewable energy sources that can be stored, as is the case with 
green hydrogen from electrolysis. Today, the big problem with this technology is the need 
for high-quality water, seeking to reduce the impedance in the system. However, the 
use of more abundant and accessible water sources such as seawater is of increasing 
interest. For this reason, the present work is oriented to take advantage of high volumes 
of produced water in the oil industry that in different stages of treatment can have 
variable concentrations of emulsified crude. “Canola” oil was used for the experiments 
to replace crude oil and Graphene Quantum Dots (GQDs) were used as an electrolytic 
additive due to its electrical conductivity, seeking to reduce the impedance of the system. 
Different scenarios of voltage and concentration of GQDs and oil were evaluated using 
304 stainless steel electrodes. The results obtained show a significant contribution of 
the factors of voltage and concentration of GQDs in the production of hydrogen. At a 
voltage of 6V, a concentration of 100ppm GQDs, and 2500ppm oil, a maximum hydrogen 
production of 0.0004 moles was found with an efficiency close to 70%, which is very 
positive considering the low cost of the electrolyzer, which represents a great opportunity 
for application in oil fields with high production water cut.

Keywords: Produced Water, Electrolysis, Hydrogen, Conductivity, Emulsion
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Abstract 

 Graphene synthesis and its derivatives is very well-developed methodology, not only 
because of the wide range of precursors but also because of the different synthesis 
protocols such as “bottom-up” and “top-down” techniques. Unfortunately, the cost of these 
techniques is high, and it is almost unfeasible for practical applications due to the low 
production yield. However, in the last 5 years, these techniques have evolved towards 
more environmentally friendly synthesis protocols and are in favor of giving a better use 
or added value to waste or single-use materials. This becomes a great challenge to 
improve yields with new starting materials and to generate new synthesis routes that are 
low cost and simple to implement. One of them is from heavy petroleum fractions such 
as asphaltenes, which are mainly constituted by aromatic rings linked with alkyl chains 
and cycloalkanes, in addition to heterocyclic compounds that possess nitrogen, N, sulfur, 
S, and oxygen, O [1]. 

On the other hand, construction industry has used extensively Portland cement, due 
to its low cost and high compressive strength. However, its application in the concrete 
structure is sometimes limited due to its brittle nature [2]. In addition, outstanding 
chemical and physical properties of nanomaterials provide more efficient enhancement 
for the internal matrix of concrete, and recent advances in this nano-scale modification of 
cementitious composite materials have enabled applications in structural reinforcement, 
environmental pollution reduction, and production of self-cleaning materials [3]. This has 
led to the application of nanomaterials and nanotechnology in cement-based materials 
to modify their structure at the nanoscale and thus improve their mechanical properties. 
Therefore, the present investigation was focused on the revaluation of asphaltenes using 
it as a precursor for graphene- and sand-type composites to be used as reinforcement 
for cement. Therefore, the present research focused on the revaluation of asphaltenes 
using it as a precursor of graphene and sand composites to be used as reinforcement for 
cement. These composites were obtained in a two-step in situ synthesis using thermal 
treatment in an oxidizing atmosphere, with yields between 32.0–42.0 % of the material. 
The results of the characterization suggest a change in the structure of the precursor, 
presenting an OH band at 3450 cm–1 and the carbonyl C=O band at 1700 cm–1 and 
presenting another band corresponding to Si–O–Si at 1150 cm–1, which corresponds to 
the sand signal, which confirms the obtaining of the composites. Likewise, it was possible 
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to evaluate its performance as an additive in cement slurries for 28 days, observing an 
improvement between 26.0 %-49.5 % in the compressive strength, with a proportion of 
the composite in the cement slurry of 0.05 % in weight for the composite that presented 
the highest percentage of improvement, which represents a good performance with a 
minimum proportion of the material synthesized in the cementitious composite.
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Abstract

 In recent years, it has increased the application of activated carbon (AC) in different 
application fields. These carbonaceous materials generally present both adjustable 
microstructure and large specific surface area. For example, activated carbon has been 
used for environmental applications such as treatment of both waste and industrial waters. 
However, these physical and functional properties of porosity and adsorption capacity 
depend on the carbon precursor and used activation method. Additionally, during the 
process synthesis is necessary to identify the variables that allow the highest quality in 
the products. In the case of activated carbon, carbon precursor used has a significant 
effect on the final material adsorption characteristics and performance.

Among different carbon precursors for activated carbon (AC) synthesis, residues from 
crude oil refining are materials with high potential to be used as a precursor to obtain this 
kind of material, because it is a low-cost crude oil by-product. In this study, we analyzed 
feasibility of synthetize AC, using three carbonaceous materials from petroleum by 
products, identified as R1, R2 and R3 with different carbon contents, 85,0; 90,0 and 86,0%, 
respectively. For AC synthesis, carbonization and activation stages were performed using 
KOH as chemical activator to modify chemical structure. The AC obtained (AC-R1, ACR2 
and AC-R3) were characterized by elemental analysis, metal content, BET surface area 
and SEM analysis. The materials synthetized were also proved as adsorbent, to study its 
viability and efficiency for phenol removal.

The result shows the effect of experimental variables (nitrogen flow, KOH/carbon 
material ratio, final reaction temperature, and carbonization-activation time) on the BET 
surface area and material porosity, According to BET analysis, ACs surface areas ranged 
from 900-1100 m2/g, 800 -1000 m2/g and 450 and 400 m2/g for AC-R1, AC-R2 and AC-
R3 respectively. In general, based on the results obtained from isotherms for the ACs 
synthetized with these petroleum by-products, it is possible to affirm that ACs obtained 
present both, microporosity and mesoporosity, with a high fraction of microporosity.



225

Elemental analysis was used to calculated C/O ratio, getting results between 3,7 and 
7,0; very similar to commercial AC (3,3). SEM micrographs shows that samples consist 
of solid dense particles in random dispersion, with sizes between 1μm -500μm for AC-
R1; 1μm -100μm for AC-R2 and 10μm -900μm for AC-R3. The porosity patterns in the 
ACs synthetized were similar to porosity patterns and morphologies of ACs reported in 
literature.

The efficiency in the removal of phenol by synthesized AC from the petroleum by-
products R1 and R2, is greater than obtained for the commercial AC; this result is 
consistent with the largest surface area obtained in the synthesis (approx. 200 additional 
m2/g). The adsorption isotherms for the best performance CAs, fit with the Langmuir 
model, with R2 of 0,99, indicated adsorption in a monolayer process (adsorption sites 
occupied by a single molecule).

In conclusion, these results demonstrated that it is possible to stablish valorization 
routes for petroleum by-products, aimed to synthesize activated carbon, comparable to 
commercial ones; and that these carbon materials could be used in different applications 
at industrial scale.
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Abstract

 In the hydrocarbon sector, a large number of environmental laws and regulations in 
recent decades regarding the generation of waste were approved. [1,2]. About the used 
automotive oils, few recovery and utilization strategies have been developed, and it is a 
material with a worldwide polluting factor. To reduce the problem, this work developed 
a methodology for the recovery of lubricant bases from used engine oil with adsorbent 
materials.[3,4] IIn this work, initially, the used engine oil was diluted with acetone, and 
the solution was subjected to centrifugation at 6000 rpm for 30 minutes, showing 4.7% 
insoluble solids. Then, separation tests of used engine oil were carried out using dolomite, 
zeolite, and a florisil/zeolite mixture in a 3:1 ratio. The corresponding separated fractions 
by 1H NMR nuclear magnetic resonance spectroscopy were characterized. The yield of 
oil recovered with the adsorbent materials dolomite and zeolite was 61.5 and 96.7 %. 
Additionally, the fluid obtained after rotovaporation presented a yellow color, being lighter 
in color compared to the initial engine oil.

Florisil/dolomite mixture showed the separation of a colorless liquid with a yield of 
82.2% by weight. Characterization with 1H NMR spectroscopy showed that the liquids 
recovered with dolomite have a lower content of aromatic species compared to the liquid 
recovered with zeolite. Meanwhile, the liquid recovered with the florisil/dolomite adsorbent 
mixture showed insignificant traces of aromatic species. Therefore, the average molecular 
parameters of alkyl chain length (n) and aromaticity (Ar) confirm that the treatment of used 
engine oils with florisil/dolomite allows obtaining lighter fractions with a low concentration 
of aromatics. This work shows that the methodology is a good line for the utilization of 
used engine oils and the possibility of a business portfolio. Finally, waste treatment with 
adsorbent materials is an efficient and environmentally friendly process.
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Abstract

 Currently the world is going through a series of environmental problems related to the 
oil industry and disused plastics that invade ecosystems. In this regard, alternatives have 
been sought energy alternatives in order to minimize environmental impact. The present 
study proposes a fuel production process from the recycling of plastic material such 
as polyethylene terephthalate, low-density polyethylene, high-density polyethylene and 
polypropylene, through pyrolysis as a technology for obtaining liquid fuels, evaluating in 
turn the availability of raw material in the Metropolitan Area of Caracas, studying operating 
conditions and analyzing its environmental impact. After a bibliographic review about 
the operations, physical-chemical transformations and process stages, a proposal for 
its design is included, an evaluation of the performance depending on the type of plastic 
processed through the simulation of pyrolysis in PRO/II and a comparison between the 
effects that are produced on the environment by means of the fuel production process in 
the oil industry and by the fuel production process through pyrolysis. Figure 1 shows the 
scheme for the simulation of the pyrolysis process using PROII. As results, it was obtained 
that in Caracas more than 14 tons of plastic are recovered per day, where PET has 
higher performance in terms of liquid products, and the carbon footprint generated by the 
process of producing fuels from plastic is lower than that generated by the conventional 
fuel production process.
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Abstract

 The effect of modified salinity brine on enhanced oil recovery methods are still a 
matter of active investigations.

The rock-fluid-fluid interactions that take place during displacement in the reservoir 
govern the recovery processes and efficiency and in order to describe these effect 
it is necessary to understand the interfacial behaviour of the fluids and solid phases 
involved.1 This study presents a series of measurements of the interfacial tension (IFT) 
between a Danish North Sea crude oil and brines of varying salinity and the pressure 
and temperature dependence of the IFT. The IFT has been measured for high salinity 
formation water and sea water salinity brines and as well as several dilution levels of 
sea water in the presence of a 0.5 TAN crude oil. It is seen that while pressure plays a 
minor role in condensed phases, the temperature dependence of the interfacial tension 
varies with brine salinity and not in a straightforward manner. These results indicate 
that certain intermediate salinities lower the IFT to the highest degree rather the lowest 
salinity tested. In addition, the same crude oil and series of brine compositions were 
mixed with nanoparticles of chalk to investigate the emulsification properties of ultrafine 
particles that might be naturally present in the reservoir. A hypothesis about the modified 
salinity recovery mechanism relates to the formation of microemulsions in the presence 
of fines, and the emulsification properties are determined by amongst other things the 
particle size and the IFT between the fluid phases. We present a series of vortexed batch 
experiments combining the three phases, and the results indicate that the maximum 
emulsion formation generally takes place at intermediate dilution levels of sea water 
in the presence of particles less than 100 nm in size. The results are discussed in the 
context of recovery mechanisms in carbonate reservoirs.
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Figure 1. Varying emulsification properties of a Danish North Sea Crude Oil in 
the presence of chalk nanoparticles ranging from 5 nm to 500 nm and in varying 
salinity brines. From top left the Salinity varies from high salinity formation water 

to diluted sea water at bottom right. 
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Abstract

  Worldwide on average for each barrel of oil 4 barrels of water are produced. This 
water will need to be treated to remove constituents that may either harm the environment 
during discharge or harm reinjection processes. The surface active nature of many oil 
field chemicals are key to the specific intended performance e.g. demulsification or 
corrosion inhibition. It is known from the industry that combinations of different chemicals 
whilst having good performance in the intended process step can have adverse effects 
in other processes such as produced water treatment. E.g. by nature a water in oil 
demulsifier (DE) will potentially be able to stabilize oil droplets in water when partitioning 
into the water stream leaving the oil-water separator. Optimization of chemicals are often 
performed by bottle tests. However, these tests report on bulk phase behavior, but cannot 
reveal the microscopic behavior at the droplet length scale. The latter can be observed 
using microfluidic experimentation. Herein we report a series of microfluidic experiment 
of oil droplets in water in the presence of various production chemicals, model chemicals 
and realistic combinations of chemicals added to either the oil phase or the water phase. 
We observe significant increase in droplet stability and may by this fast method create 
phase diagrams for chemical dosage optimization. The droplet stabilization occurs by 
creation of repulsive interfacial films constituting both natural compounds and the oil 
field chemicals. Both model oil and a downhole sampled crude oil was investigated 
allowing us to investigate the impact of natural surfactants. As an example we observe 
that beyond 2 ppm of DE droplets are increasingly stable and dependent on the oil 
type. Further addition of corrosion inhibitors to this system shows market effects on 
the stability and could lead to slug flow in the water treatment system and hence poor 
hydrocyclone performance. In order to model and quantitatively explain the observations 
we have incorporated the hydrophilic-lipophilic deviation (HLD) approach by Salager et 
al. (1). We further used dynamic interfacial tension to understand the interfacial behavior 
of the blends of chemicals. The approach taken herein explains the action of the different 
chemicals and different dosage in the system, and may provide guidelines of dosage 
of chemicals in the process to increase removal of dispersed oil in the produced water 
treatment. 
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Figure 1. Effect of demulsifier concentration on droplet coalescence. HLD 
becomes increasingly negative leading to increased stability.
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Abstract

 In order to quantify the effect of destabilizing treatments on water-in-oil emulsions, 
the following research work is developed. It seeks to establish a general expression 
for the Destabilization Factor (FD) in this type of emulsions. For this, the application of 
an electric field is considered as a destabilizing treatment, and it is based on the initial 
definition FD, which relates the amount of water present in the sample for a specific 
droplet size after the applied treatment, in relation to the amount of water in the initial 
sample for the same droplet size. These amounts of water are quantified from the image 
analysis performed on the samples, using the Image-Pro 10® software in conjunction 
with an Excel® macro, in order to obtain the cumulative droplet size distribution. When 
applying the electric field to the W/O emulsion, variables such as: voltage, residence 
time, cell type, coalescing medium, amount of dispersed phase, type of current applied, 
droplet size distribution and wettability have been evaluated. A Global Destabilization 
Factor (FDG) was established and compared with the FD initially defined. There are 
important differences in the calculations of FD and FDG; however, the latter allows a 
closer analysis of reality in relation to the effect of the destabilizing treatment applied 
to the emulsion, when considering all droplet sizes. From the experimental results, a 
correlation was made between the percentage of separated water and FDG. Figure 1 
shows the cumulative droplet size distribution before and after the applied electric field.
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Figure 1. Cumulative droplet size distribution for the sample, before and after 
electric field treatment. 
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Abstract

 The amount of water associated with crude oil in its production stage represents a 
problem for the oil industry, which requires reaching the specification of 1% v/v of water 
in order not to reduce the price of crude oil for sale and avoid operational problems such 
as corrosion and fouling. In this research, the effect of the electric field on a crude water 
emulsion (W/O) is studied, from a microscope scale to a bench scale. This seeks to show 
the effects of the electric field on a small scale and reproduce it on a larger scale. In a first 
escalation, work is done in batch; a second escalation seeks to work continuously, while 
the last escalation resembles industrial equipment. In these systems, variables such 
as: voltage, residence time, type of current applied, type of cell, amount of dispersed 
phase, among others, are evaluated. In order to improve the coalescence of the drops in 
the face of the electric field, the effect on the phase separation of a W/O emulsion was 
evaluated, combining an electric field with a coalescing medium coated with a material of 
defined wettability, without the use of chemical demulsifying agents. The characterization 
of the emulsion was carried out in terms of: density, viscosity, percentage of water and 
content of water and sediments. The electrical system was conditioned with coalescing 
structures. The tests were carried out evaluating the mechanical and electrostatic 
separation and combining the electric field with the selected coalescing medium. It was 
found that working at high voltages and a 2 L water cushion gives good phase separation.
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Figure 1. Scaling up the electrostatic treatment system. 
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Abstract

 In this work, we investigated the emulsification ability of alkylamine-modified Graphene 
oxide in a water-oil system. Graphene oxide sheets were chemically functionalized by 
amidation reaction and nucleophilic substitutions with n-propylamine (GO@3C) and 
n-dodecylamine (GO@12C). The structural modification of alkylamine-GO was confirmed 
by FTIR and XPS spectroscopy. Results showed that the modified GO can decrease the 
Interfacial Tension (IFT) of the system as the nanomaterial concentration increase, like 
a molecular surfactant that obey the Traube´s rule. Emulsion droplets were analyzed 
by optical micrography and it was revealed that the kind of emulsion can be changed 
depending on the type of GO functionalization.

 
 
 

 

  

Figure 1. Interfacial tension vs concentration of GO based material and emulsion 
droplets.



239

References
(1) R. Khoramian, A. Ramazani S. A., M. Hekmatzadeh, R. Kharrat, E. Asadian, Graphene 

Oxide Nanosheets for Oil Recovery, ACS Appl. Nano Mater. 2 (2019) 5730–5742. 
https://doi.org/10.1021/acsanm.9b01215.



240

EIP-6

Optimal dosage of biobased surfactans in the breaking of 
emulsions w/o of heavy crude oil from Venezuela

María Eugenia González1, Víctor Pérez1, Yelithza Baptista1, Ricardo Ojeda1, Bari Aguero1, Juan 
Carlos Pereira1 and Iván Villanueva†*1

1Laboratory of Petroleum, Hydrocarbon and Derivates (PHD), University of Carabobo, Naguanagua, 
Venezuela

Abstract

Hydrocarbon production operations in Venezuela are facing, in many cases, high 
water cuts, associated with the formation of stable W/O emulsions that are difficult to 
treat, which leads to complications in the crude oil processing and transportation stages, 
downstream. The combination and adequate proportion of surfactants in the interface, as 
well as their hydrophilic nature, affects the effectiveness of the breaking process of these 
emulsions, establishing a compromise between the proportion of asphaltenes present 
and the proportion of added surfactants1. It is worth highlighting the role played by the 
demulsifier by acting on the interfacial film formed and by counteracting the interfacial 
effect of the natural surfactants present in the crude, in such a way that it cancels the 
balance estimated by the hydrophilic-lipophilic deviation (HLD) of the surfactants present 
at the interface2. In this sense, the purpose of this research was to study the performance 
of eco-friendly and sustainable biobased surfactants as demulsifiers, as an alternative to 
non-imported surfactant molecules from natural sources, with advantages over chemical 
surfactants, as they are obtained with low carbon footprint processes, and framed in the 
growing trend of development and strengthening of biorefineries. The molecules studied 
were modified fatty esters and ethers with different polar structures (alkanolamines, 
polyols and glycosides) to increase their hydrophilic character. The evaluation of the 
demulsification process was carried out on heavy crude oil from the Ayacucho division 
of the “Hugo Chávez Frías” Orinoco Oil Belt (OOB). The crude oil was characterized 
by SARA and its water content, obtaining (11.21 ± 0.01) % asphaltenes, (49 ± 1) % 
resins, (27 ± 8) % aromatics and (11.88 ± 0 .04) % saturates. The evaluation of the 
demulsifying activity of the different molecules was carried out using the cyclohexane 
dilution method and in a heptane-xylene mixture2. The demulsifier’s activity is described 
in terms of dosage required to reach the optimum dosage in the process of breaking 
emulsion, in which its stability reaches its lowest value3. This was evaluated based on the 
variation of the asphaltene content and the concentration of surfactant. The addition of 
the surfactants under study was effective in breaking the crude emulsion, in some cases, 
in a short time, showing the capacity of their interfacial activity under the conditions 
studied, which makes them potential additives for demulsifiers formulations (Figure 1).
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Figure 1. Crude oil dehydration timeline. Left: without surfactant. Right: with 
surfactant.
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Abstract

 Understanding of emulsions is crucial in the petroleum industry, as well as in other 
industries [1]. For instance, the treatment of water-in-oil (W/O) and oil-in-water (O/W) 
emulsions represents high operative costs that companies need to reduce or avoid. The 
stability of these emulsions can be explained by the presence of surface-active materials 
naturally present in crude oil (i.e. naphthenic acids, or polar compounds that form part of 
resins or asphaltenes) [2]. Particularly, asphaltenes have been widely documented in the 
literature as petroleum’s “natural surfactants”, and the most relevant emulsion stabilizers 
[3]. However, more recently it has been demonstrated that the entire asphaltenes fraction 
is not responsible for emulsion stability [4] and that “only a sub-fraction” of asphaltenes 
is involved in emulsion stabilization [5]. Asphaltenes’ aggregates, on the other hand, 
display greater interfacial activity within the W/O interface than the solvated (free) 
asphaltenes which, in fact, are not structurally able to be absorbed over this surface [6]. 
Thus, stablishing a relationship between the molecular composition of asphaltenes and 
properties such as emulsion stability capability, as well as understanding the role played 
by the actual oil’s natural surfactants (IM) on phenomena such as interfacial tension 
reduction, is the main goal behind the crude oil’s polar fraction characterization studies.

Compositionally crude oil has an enormous number of components that form a 
complex organic mixture. Thus, establishing a direct relationship between the stability of 
an emulsion and certain components of the oil is not an easy task. Isolation of crude oil 
components that concentrate at the oil/water interface (IM), helps on the characterization 
of the molecular entities involved in emulsion stability and that suspiciously contribute 
to the interfacial layer. Hydrated silica (Wet-Silica) has shown to enable the isolation 
of such interfacialy active species [7], and different studies have reveled structural 
properties regarding these crude oil fraction [8,9], and some real oil-filed applications 
have been addressed [10]. Shear interfacial rheology results have shown a direct 
correlation between IM and emulsion stability [8]. However, to the best of our knowledge, 
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and probably due to the small amount recovered on regular Wet-Silica extractions, little 
have been developed on the direct interfacial properties’ measurement of IM, such as 
its O/W interfacial tension reduction effects. Understanding these complex relationships, 
particularly those of interfacial tension and IM composition during emulsions generation, 
is critical for petroleum industry concerning the up-stream processing conditions 
optimization. Therefore, the advances in microfluidic technology [11,12] combined to 
the different analytical tools (FT-IR, FT-ICR MS, etc.), can be successfully employed to 
precisely characterize emulsion properties associated to the IM composition.

In the present work, a lab on a chip system was employed on the development of a 
micro-scale methodology for interfacial tension measurement of the interfacial material 
(IM) obtained from 11 crude oils and 3 different oil fields via Wet Silica. The proposed 
methodology allowed to estimate via microfluidics the changes in interfacial tension 
in oil-water systems, as a function of the droplet size. First, from FT-IR analysis it 
was possible to correlate the compositional characteristics (functional groups) of the 
interfacially active compounds with their ability to reduce interfacial tension under the 
experimental conditions of analysis. This correlation proved to be a characteristic for 
each group of samples (crude oil/field). Additionally, throughout (-) ESI FT-ICR MS the IM 
was classified in groups according to its most abundant classes detected. Consequently, 
O/W interfacial tension reduction was associated to specific chemical features present 
within the components selectively isolated from crude oil. These results outstand the 
combination of molecular level analytics with microfluidic experimental approaches as a 
powerful tool with great potential for emulsion stability understanding and management 
in petroleum industry. 
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Abstract

 Selection and application of demulsifier chemicals to ensure the best-possible control 
of oil/water emulsions in oilfield operations are complex and tedious tasks. Numerous 
chemical and physical factors have direct impacts on emulsion stability and, therefore, 
separation processes. Demulsifier formulations often need to be selected specifically for 
each respective process system. A comprehensive approach to representative testing 
and screening that accounts for the plethora of interacting variables governing emulsion 
stability is essential to successful demulsifier treatment design. To date, however, there is 
no universal screening test other than the so-called bottle test, which is not standardized 
because of the need for different procedures to match specific oilfield situations in 
different locations. Bottle tests also require various separate steps involving the manual 
shaking of emulsions containing a multitude of added intermediates. Finally, bottle tests 
are highly subjective because they depend on visual observation and interpretation of 
multiple interfacial characteristics, including phase clarity and interface texture; this is 
currently a craft activity requiring experienced operators. Replacing this tedious practice 
with an automated and objective bulk or interfacial measurement method that enables the 
rapid screening of multiple intermediates and formulations to investigate their potential 
demulsification efficiency has therefore been a highly desirable objective in the industry.

Emulsion stability is strongly defined by interfacial properties, physical quantities easily 
measured by advanced tensiometers. Accordingly, a rapid screening method to evaluate 
demulsifier chemical efficiency on the basis of such interfacial measurements can be 
developed. A scientific approach can be followed based on the model that demulsifier 
chemicals are surfactants, accumulating at and modifying the interface between the oil 
and water phases. Interfacial properties such as interfacial tension (IFT) and interfacial 
viscosity have been identified as playing a crucial role in emulsion stability.1,2 Dynamic 
IFT changes alone are not a sufficient indicator of demulsification performance because 
they imply only a rapid migration to the oil/water interface, but the mode of action depends 
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on the structure of the intermediates and their interaction with other components at 
the interface. Therefore, a rigorous scientific approach that includes a comprehensive 
multivariate analysis of various measurable interfacial and bulk properties and their 
correlations to actual demulsifier performance as inferred by bottle tests is required. An 
all-encompassing investigation of these relationships is, to the best of our knowledge, 
not yet available in the open literature, despite the realization that a measurement-based 
statistical approach is necessary.3
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Abstract

 Sandstones are present in a large number of oil wells and, among its major 
components, quartz stands out, being present in many cases in quantities close to or 
greater than 90%. 1 For minerals, such as clays and carbonates, different mechanisms 
of smart water action have been proposed to explain the increase in recovery rates.2 
However, for neutral minerals such as 𝛼-quartz, it is not entirely clear how low salinity 
waters act and the possible mechanisms are subject to discussion. In this work, the 
wettability of neutral 𝛼-quartz both with and without silanol groups at the surface was 
studied using molecular dynamics simulations. For modeling the oils and smart waters, 
toluene, n-heptane, NaCl(aq) and CaSO4(aq) were selected. The force field developed 
by Emami et al. was used to model the rock, the OPLS-AA potential was used for model 
the oils and aqueous ions, and SPC was used to model water. The fluid-rock contact 
angles were calculated for two different scenarios: the fluids deposited on the surface and 
contained in a nanopore. The calculations and different scenarios considered allowed to 
establish the effect of ions on the rock wettability as well as smart waters mechanism for 
oil enhanced recovery.
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a) 

b) 

Figure 1. Contour maps of toluene mass density a) on the surface of 𝛼-quartz 
and b) inside an 𝛼-quartz nanopore.
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Abstract

Asphaltenes have been adequately defined as a solubility family. In addition to the 
structural classification between island and archipelago, the discrimination between 
asphaltenes with interfacial and non-interfacial properties poses a new research paradigm 
from which to study emulsion stabilization caused by the presence of asphaltenes. By 
means of molecular dynamics simulations applying the OPLS-AA force field and using 
Gromacs software, the adsorption process of island and archipelago type asphaltenes 
to crude oil/water interfaces at reservoir conditions was investigated. To understand the 
effect of asphaltenes on emulsion formation and stability, parameters such as diffusion 
coefficient, interfacial tension, interface formation energy and interaction potentials 
for each of the systems were calculated. The results of this research provide useful 
information on how the structure of asphaltenes influences the formation of interfacial 
films at reservoir conditions.
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Abstract

Graphene oxide (GO) is a material with exceptional characteristics that allows 
structural modification through low-polluting one-pot organic chain addition reactions. 
In this work, we evaluated of GO derivative materials as surfactants and destabilizers 
of emulsions prepared from crude oil and water. GO was obtained through a top-down 
route and its affinity towards organic solvents was modified by the addition of aliphatic 
amines. Structural change was monitored by spectroscopic analysis, change in toluene 
solubility by bottle test and its affinity towards the organic phase by dynamic interfacial 
tension measurements. Interfacial activity was shown to be related to the aliphatic 
length added and to the geometry of the added carbon chain. The destabilizing effect 
of graphene oxide and its derivatives in O/W and W/O emulsions was evaluated and 
their performance was compared with commercially available products. These materials 
were found to work as emulsion breakers in O/W systems by capturing and precipitating 
hydrocarbons. However, in W/O systems, the solvation of the materials prevents the 
approach to the interface and prevents any destabilization of emulsions of this type.
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Abstract

 The surfactants adsorption onto the reservoir when the surfactants flooding is used 
in EOR, is one of the most common problems in the process because it can affect the 
economic feasibility of the project. In this research, it was studied the static adsorption 
isotherm onto Misoa Formation which is a reservoir formation that contain about 75% 
of the oil reserves in Maracaibo Lake Basin in Venezuela, using an anionic surfactant 
(sodium dodecyl benzene sulfonate) to determine which is the effect of the mineral 
composition of the porous media, and salinity variation 1, 0.50% and 0.25% of NaCl, of 
the flooding solution over the surfactant’s adsorption. The 4 Regions Model was used to 
show the isotherm behavior. DRX analysis report approximately 98% of quartz and 2% 
of clay minerals (kaolinite and montmorillonite). The Misoa´s Formation Cation Exchange 
Capacity (CEC) was 1.40 meq/100g, and surface area 0.92 m2/g. The adsorption 
isotherms showed the influence of the salinity variation and the type and amount of clay 
minerals in the reservoir. It observed that the adsorption of Misoa Formation was greater 
at higher salinity (1% NaCl) for the reason that the Misoa’s Cation Exchange Capacity 
is high due to the presence of montmorillonite. From the results obtained, the mineral 
composition of the porous media controls the adsorption due to the presence of clays 
minerals like kaolinite and montmorillonite, the last one has the higher CEC and surface 
area. Finally, the adsorption isotherms obtained indicate different adsorption states for 
each NaCl concentration, the major adsorption was 1% of NaCl due to hydrophobic 
interactions mechanism and the contraction of the electric double layer.
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Abstract

 The wettability of the minerals present in a reservoir is a determining property in the 
recovery factor. One of the strategies proposed to increase recovery is based on altering 
the wettability of oil reservoir rocks. Approximately 60% of world crude oil reservoirs have 
sandstone-type host rocks, for that, is very important to develop efficient methodologies 
to alter the wettability of these rocks. In this study, the alteration of wettability of a 
sandstone rock due to graphene oxide (GO) adsorption was evaluated. The effect of GO 
concentration, salinity, Ca2+ ions and pH on interfacial tension and contact angle was 
determined. The results show that GO adsorption induces significant changes in rock 
wettability. For high GO concentrations and low salinity, pH proved to be a determining 
factor in the alteration of wettability. Under certain conditions, surface wettability changes 
from highly oleophilic (150°) to intermediate oil wettability (90°). The change in rock 
wettability is shown in Figure 1.

Figure 1. Wettability of sandstone rock (a) before and (b) after treatment with 
graphene oxide
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Abstract

 Oilfield emulsions are ubiquitous during the lifetime of a production well. Naturally 
present and interfacially- active molecular species such as asphaltenes, and 
environmental factors like temperature, promote the homogenization of oil and water. 
Failure to effectively separate the two phases results in several issues such as increased 
pumping costs, crudes with high salt content, oily-produced water, and increased risk of 
corrosion in export lines. While there are thermal, electrical, and mechanical methods of 
resolving emulsions, chemical treatment employing demulsifiers or “emulsion breakers” 
remains the primary mode of separating oil and water. Demulsifiers are surface-active 
molecules which migrate to the oil/water interface, promoting separation by several 
proposed physicochemical mechanisms discussed elsewhere1. Conventional demulsifier 
chemistries are typically high-molecular-weight alkoxylated alcohols, amines and phenolic 
resins of various wetting characteristics. In this contribution, we report the behavior of two 
alkoxylated nonyl phenol resin-based demulfisiers in dehydrating emulsions. Separated 
by only 1 mole of ethylene oxide (EO), we found that the performance is significantly 
different and varies depending on the oil. Key performance indicators such as water drop 
and basic sediment and water (BS&W) will be discussed. 
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Figure 1. Dehydration performance of alkoxylated phenolic resin-based 
demulsifier. 
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Abstract

 Produced water in oil crude extraction contain high concentrations of salts and 
other compounds, so it is important to have a technique capable of analyzing liquid 
samples at high concentrations without any or minimal sample preparation. For that, 
in this works we present the combination of Electro-Paper Spray (EPS) with Laser-
induced Breakdown Spectroscopy (LIBS) to perform elemental analysis of produced 
water with very high concentrations of salts (brines). EPS-LIBS allowed to eliminate the 
difficulties associated with the interaction of the laser pulse with the liquid sample [1] and 
performing quick measurements. In addition, EPS-LIBs have the possibility to do in situ 
quantitative measurements [2]. Figure 1 and table 1 show typical calibrations curve and 
the concentration for Na of four samples (2 produced water and 2 synthetic produced 
water), respectively. Similar results were obtained for K, Mg and Ca. 

 

m = 0.54671 

b = 2939.8±71.14 

   

Figure 1. Na calibration curve
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Table 1. Na concentration of different samples

Sample Theoretical 
Concentration (ppm)

Experimental 
Concentration 

(ppm)

%Error

Production water 1 6377 6408 0,49

Production water 2 4132 4323 4,6

Solution prepared 1 2290 2071,6 9,5

Solution prepared 2 27480 28102,2 2,26

References
 (1) C.H. Chen. Electrohydrodynamic stability, in Electrokinetics and Electrohydrodynamics 

in Microsystems, Ed. A. Ramos, Springer, (2011) pp. 177-220
(2)  M. Baudelet, B.W. Smith. “The first years of laser-induced breakdown 

spectroscopy”. Journal of Analytical Atomic Spectrometry, (2013). 28(5), 624-629

.
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Abstract

 Produced water (PW) is a worrisome coproduct of offshore oil & gas extraction that needs 
to be constantly monitored, given its ecotoxicity. Dispersed hydrocarbons in produced 
water discharged into the North Sea should not exceed 30 mg L-1, as recommended by 
the OSPAR Convention. The reference method of analysis uses gas chromatography, 
which is time-consuming, expensive, and fails at determining the most toxic oil-derived 
components: dissolved species, mainly aromatic hydrocarbons. In this scenario arises 
the need for cheaper and faster methods, and those based on fluorescence spectroscopy 
have attracted a lot of attention. Calibration with oil in water/isopropanol samples is a 
very often recommended trick to overcome the creaming of dispersed oil and obtain 
more reproducible measurements under static conditions. Although isopropanol does not 
present fluorescence, the aim of this work was to investigate if the emission from crude 
oil in water could be affected by the addition of isopropanol. Our data set comprised 
182 samples of crude oil in water/isopropanol mixtures, with oil concentrations varying 
from 42 to 1000 mg L-1 and isopropanol mass fractions in the mixtures ranging from 0 
to 1. Emission spectra of these samples were measured between 320 and 580 nm, with 
excitation at 300 nm, from which the following features were extracted: highest emission 
peak position, highest emission peak intensity, and the integrated area under emission 
spectrum. Those spectral features were used as input for Principal Component Analysis 
(PCA), which is an exploratory data analysis method that decomposes the originally 
measured variables into uncorrelated new variables called Principal Components (PCs). 
The scores plot (Figure 1-A) shows the projections of the samples onto the PCs axes, 
whereas the loadings (Figure 1-B) present the relationship between the original variables 
and the PCs. We could observe that the samples tend to cluster into three groups, 
according to their variability in spectral features. The isopropanol content in each mixture 
and, consequently, the dielectric constants were found to be the main underlying factors 
that drive the shape and intensity of emission. Additional experiments indicated that, for 
different isopropanol contents in the mixture, changes in oil concentration seem to be 
irrelevant to variations in emission intensities. We noticed that crude oil presents different 
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quantum yields in different water/isopropanol proportions, thus one should be very careful 
to use isopropanol in calibration samples to quantify oil in PW, as the emission intensity 
showed to be more correlated to isopropanol content than to oil concentration itself.

Figure 1. PCA (A) scores and (B) loading plots of emission spectra features 
of crude oil in water/isopropanol mixtures. Scores are colored according to 

isopropanol mass fraction.
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Abstract

 This work is focused on the development of monolithic carbon xerogels-metal 
composites for oil removal through adsorption and regeneration processes from oil-in-
saltwater emulsions. In this way, three carbon materials with and without metal content 
(Ni and/or Ce) were prepared by a sol-gel method, namely XCe (carbon xerogel with 
18 wt.% of cerium), XCeNi (carbon xerogel with 18 and 4 wt.% of cerium and nickel, 
respectively), and X (free metal-carbon xerogel). Crude oil adsorption was tested by 
batch adsorption experiments, varying different operational conditions, including pH (2, 
7, and 11), temperature (25, 35, and 45°C), amount of monolithic composite (0.01, 0.1 
and 0.3M) and its nature. Regeneration studies were done through oxidation method 
using air in a thermogravimetric analyzer under isothermal (150, 200, and 250°C) and 
non-isothermal conditions (100-600°C). To estimate the change in the sample’s surface 
composition, X-ray photoelectron spectroscopy (XPS) analysis was carried out during 
each regeneration cycle. From N2 adsorption isotherms it was found that all materials 
presented a type Ib behavior distinctive of microporous materials. Adsorption results 
show that crude oil removal increased with the increase of metal content in the composite 
for all experimental setups. Also, crude oil decomposition was successfully assessed, 
obtaining the main decomposition peak at 150°C during non-isothermal runs. For 
isothermal experiments, the three monolithic carbon xerogels achieved 100% conversion 
of the crude oil adsorbed for all temperatures, whereas raw crude oil only decomposed 
60%. The catalytic activity of three monolithic carbon xerogels was corroborated with 
effective activation energy calculations, which was reduced by 24.9, 32.5, and 52.4% 
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from virgin crude oil decomposition to decomposition adsorbed on the samples X, XCe, 
and XCeNi, respectively. At the first cycle the time required to decompose 100 % of 
adsorbed crude oil on XCeNi at 60 min, whereas, after the 6 cycles, it is achieved at 120 
min. The gaseous analysis of the products involved in the oxidation of the crude oil in 
each cycle was considered, finding an increase in the production of light hydrocarbons, 
and reducing gas emissions such as CO2, NOX, and SOX during all reuses. The activation 
energy increases from 10.1 to 18.7 kJ mol-1 during the six cycles due to the reduction of 
the content of Ce3+. The Ce3+ concentration is reduced to 0 after each adsorption cycle. 
Apparently, the ability of the xerogel to decompose the adsorbed crude during all cycles 
may be associated with the increase in Ce3+ during the adsorption process, and then 
during the oxidation treatment is transformed to Ce(OH)2

2+. Also, the influence of Ni2+ 
on XCeNi is noted. Through the regeneration, the Ni2+/Ni3+ ratio varies, which shows the 
continuous redox processes that have taken place in this sample.
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Abstract

 Surfactant injection is one of the most widely used EOR (Enhanced Oil Recovery) 
techniques in the Oil & Gas industry. However, it is also considered one of the most 
expensive methods due to the high dosages required to achieve low or ultra-low interfacial 
tension conditions, which added to the high rates of adsorption on the rock considerably 
affect the efficiency of the process. Thus, through the use of nanotechnology, it is 
proposed to improve these deficiencies and include additional benefits that improve 
the performance of the traditional technique, leading to operations with a better cost/
effectiveness ratio. This study proposes the development and evaluation of nanocapsule 
systems (core-surfactant and shell-resin) for the controlled delivery of surfactant in the 
reservoir to act effectively at the oil-water interface, reducing the values of interfacial 
tension in the ultra-high low region and adsorption in the porous medium. The synthesis of 
the nanocapsules was carried out through the nanoprecipitation method, encapsulating a 
commercial surfactant S1 and using resin extracted from hydrocarbon residues as cover. 
The characterization of the nanomaterial was performed by Fourier transform infrared 
spectrometry (FTIR) analysis, and hydrodynamic diameter by dynamic light scattering 
(DLS); assessing its performance through measurements of interfacial tension, changes 
in wettability due to imbibition and contact angle, dynamic adsorption tests in porous 
media and coreflooding. Molecular dynamic simulation calculations were carried out 
to determine the main mechanisms of surfactant release based on solubility analysis 
(Figure 1b). Assessments of different nanofluids composed of nanocapsules dispersed 
in the aqueous phase (injection brine) were carried out, with variations in the ratios of 
encapsulated surfactant (nanocapsule dosage) and free surfactant dispersed in the 
aqueous phase, to find optimal ratios of greater interaction in the oil-water interfacial 
dynamics and, in turn, less interaction with the porous medium. The results obtained 
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show a 10% reduction in interfacial tension values under ultra-low conditions with 90:10 
ratios (free surfactant: encapsulated surfactant), obtaining interfacial tensions of 1.25x10-
4 mN/m, and also reducing the adsorption in the porous medium by 10%, approximately. 
The incremental oil obtained was 12% compared to the conventional technique (Figure 
1a). Molecular dynamics results validated the formation of the encapsulated system and 
its respective release in the model scenarios of polar and non-polar solvents, verifying its 
effectiveness and their liberation mechanism at the oil-water interface. 

Figure 1. Nanocapsule simulation by molecular dynamics, resin (shell) in Blue 
– surfactant (core) in red.
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Abstract

 Asphaltenes have major impacts on oil production, transport and refining, which can 
lead to increased production and maintenance costs. Asphaltenes adsorb at the air-water 
and oil-water interfaces forming molecular layers that may be similar to Langmuir films. The 
properties of the film adsorbed at oil-water interfaces, such as in oil emulsions, strongly 
affect the flow characteristics and stability of the dispersed system. Recent studies have 
shown that the phase behaviour of films formed at the interface of dispersed oil droplets 
impacts the emulsion flow characteristics. This work investigates interfacial films formed 
by petroleum amphiphiles from the description of the film elasticity and phase behaviour. 
The work is a contribution to the studies of stability of petroleum dispersions involved 
in the two-phase production processes and in desalting and dehydration processes. 
Specifically, the investigation assessed the interfacial elasticity of monolayers containing 
asphaltenes and maltene fractions extracted from a heavy crude oil. The isotherms show 
that films composed of asphaltenes do not show a gas-liquid phase transition, indicating 
intense intermolecular interactions. On the other hand, films of the saturate fraction 
have an extensive region corresponding to gaseous films. Over a large extent of surface 
area (from 0.25 m2/mg up to about 0.05 m2/mg), the surface pressure resulting from the 
compression process follows the order asphaltene > aromatic > resin > saturate, at pH 
2. Compression isotherms show that asphaltenes have greatest effect on the surface 
pressure, reaching maximum surface pressure greater than 65 mN/m. Asphaltene films 
show clear expanded liquid (LE) - condensed liquid (LC) phase transition. Compression 
isotherms show that the pH of the aqueous phase has minor effect on the behaviour of 
saturate films. The pH of the subphase influences the phase behaviour and compressional 
elasticity of asphaltene films. The film structures are supposed to be strongly dependent 
on the subphase pH, denoting the actions of acid-base interactions.
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Figure 1. Left: Surface pressure - area isotherms of saturate, aromatic, resin, 
and asphaltene (C5I) films at 20 ◦C and pH 2. Right: Elasticity modulus of SARA 

films at 20 C and pH 2-12.
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 Abstract

 Oil formation waters are generated in every oil extraction process; the problems with 
them derive from the fact that they have been in contact for millions of years with the water 
table associated with oil and gas and have successfully dissolved certain compounds. 
Theoretically, the main problem generated by formation water derives from its contents 
of phenols, salts, dissolved gases, grease and suspended solids with trace metals. In 
this sense, the untreated discharge and disposal of these effluents into receiving bodies 
causes a negative environmental impact. The research evaluated by means of Sequential 
Biological Reactors (SBR) the aerobic biodegradation of total phenols presents in oil 
production water from the Colorado School Field (CEC) in Colombia. The results allowed 
establishing that the oil formation water of the CEC presents concentrations of total 
phenols between 5.33 ± 0.27 mgL-1 that are significantly higher than those reported 
for formation waters of the Colombian industry. The behavior shown by the estimated 
marginal means of the total phenols that constitute the oil formation waters of the CEC, 
evidences the biodegradation of the compound using SBR, obtaining biodegradation 
values between 78.72 and 86.39%, allowing to establish the possibility of using this 
technology for the biological treatment of the formation waters.

Key words: formation waters, aerobic biodegradation, total phenols, sequential 
biological reactors.
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In recent years, drilling muds modified with graphene oxide and different nanoparticles 
have been studied and have demonstrated great effectiveness in several mud systems 
improving properties such as rheology, filtration control, shale inhibition, electrical and 
thermal conductivity, magnetism, and contaminant removal. Nevertheless, there are 
few implementations of nanomaterials in mud systems specifically design for depleted 
reservoirs. For this reason, this research work aims to evaluate the experimental 
performance of zinc oxide and magnetite nanoparticles functionalized in graphene oxide 
nanosheets when added in a drill-in type drilling fluid. To achieve this, two different calcium 
carbonate-based drilling muds were selected as the base fluids. Mud A, which contains 
1.5 ppb of PACL and Mud B, with 3.0 ppb of it. Nanomaterials were synthesized in the 
laboratory using industrially scalable methods. Graphene Oxide (GO) was synthesized 
based on the modified Hummer’s method described by Tour et al. (2010) with an oxidation 
time of 24 hours. The synthesis of the magnetite- graphene oxide nanocomposite (OG-
Fe3O4) consists of the partial oxidation of Fe+2 in the presence of graphene oxide. Zinc 
oxide-graphene oxide nanocomposite (OG-ZnO) is synthesized by sol-gel method. 
These nanomaterials were characterized using UV-Vis, XPS, XRD and SEM techniques. 
From UV-Vis spectra, GO showed a peak in the signal at 228 nm, as well as a “shoulder” 
or a change in concavity at 300 nm. On the other hand, OG-ZnO presented a peak at 
369 nm. Finally, OG-Fe3O4, presented a peak or local maximum, in the signal of 239 
nm. It should be noted that the composites, despite having the presence of graphene 
oxide, only presented the characteristic signs of their metal oxide. From XPS, it was 
noticed a reduction of the hydroxyl functional group in peak C1s of the nanocomposites 
compared to pristine GO. From X-ray crystallography it was observed that GO presents 
an intense signal at 9.9°, which is a characteristic signal of these structures. OG-ZnO 
presents 6 peaks, which correspond to the hexagonal structure of Wurzite. Additionally, 
the magnetite composite presents 8 peaks corresponding to its octahedral structure. 
Rheological properties and API filtration volume were studied for the based muds and 
the drilling fluids reinforced with nanomaterials following API 13B-1 standard. The results 
showed that pristine GO exhibited the best results overall. Filtration was decreased up 
to 38% and rheological properties such as plastic and apparent viscosities increased up 
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to 29 and 35%, respectively. On the other hand, OG-ZnO nanocomposites, presented a 
decreased of up to 23% in filtration volume, whereas rheological properties diminished 
up to 18%, for this reason, the decrease in filtration can be attributed to their nanolaminar 
morphology. Finally, OG-Fe3O4 presented a slight decreased in filtration volume (less than 
5%), while rheological properties also increased very slightly. Therefore, it is concluded 
that GO and OG-ZnO can be favorable nanomaterials when added into a drill-in mud due 
to their improvement in filtration properties.

Figure 1. SEM micrograph of Graphene Oxide – Magnetite nanocomposite.
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Abstract

 Looking for take advantage of the water co-produced in the Oil & Gas industry, the use 
of production waters for agro-industrial crops irrigation appears like a feasible alternative. 
Though, the sodium excess in the soil can cause a delay in the growth of the plants or 
their sudden wilting; for this reason, it is necessary to remove it from the production 
waters. However, the need for economically viable processes and the low concentration 
range to work on limits the application of commercial technologies. In this way, we 
present, throughout this work in a black- box model, the proposed process for removing 
the sodium ion from the production water, from about 500 ppm concentration, reducing its 
concentration to the values required by Colombian regulations for its reuse as irrigation 
water, 200 ppm of sodium concentration. Likewise, we present some global process key 
conditions, such as regeneration and backwashing methodologies, volumetric treatment 
relations, finding that the average volume needed for regeneration of the system is about 
the 20% of the water volume treated, and some operational limitations, to make possible 
an application for the use of wastewater produced by the Oil & Gas industry.
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 Abstract

 Chemical enhanced oil recovery (cEOR) is an efficient and proven technique to improve 
oil recovery factor (Manrique, 2017; Gbadamosi, 2019). Water-soluble polymers and 
surfactants are commonly used to modify the water properties to improve the volumetric 
sweep efficiency. However, it is expected that residual concentrations of these additives in 
the production fluids, affect Water/Oil (W/O) emulsions behavior, and the quality of these 
two phases (Argillier, 2013 and 2018; Hua-Xing Chen, 2015; Al Kalbani, 2014). This study 
aims to evaluate the rheological and colloidal properties of W/O emulsions as a function 
of the water-oil ratio and the residual concentration of three different polymeric additives 
(Block Copolymer Surfactant, HPAM-ATBS co-polymer, and SiO2-HPAM Nanohybrid). 
The effect of these three variables (polymer type and concentration, and water-oil ratio) 
on the emulsions was studied by measuring their viscosity, droplet size distribution, 
water content, and morphological properties as a function of time. The compatibility with 
common demulsifies was also evaluated. The study was performed in two stages. In 
stage 1 (well conditions), two additive concentrations (20-40% of polymer concentration 
injected) and three water-oil ratios (50, 70 y 90%) were used to run the experiments. In 
stage 2 (surface conditions), the experiments were performed at a fixed water-oil ratio of 
70% and up to three additive concentrations (10-30% of polymer concentration injected).

At well conditions, higher residual polymeric additive concentration reduced the water 
content in the W/O emulsions. The droplet size of the emulsions containing residual 
polymeric additives decreased (<15 μm), in comparison with the control sample (W/O 
emulsion without the additives, >15 μm) under all experimental conditions. Also, the 
colloid microscope images showed heterogeneous and possibly unstable emulsions. 
The residual polymeric additives did not change the Newtonian behavior of the W/O 
emulsions but decreased their viscosity. Additionally, these additives increased the 
oil and grease content and the turbidity of the aqueous phase. All these effects were 
attributed to the low incorporation of the aqueous phase into the oleic phase due to their 
viscosity increment by the polymeric additives. At surface conditions, higher residual 
polymeric additive concentration reduced the phase separation time, decreased the oleic 
phase viscosity due to the reduction of the water content, and affected the aqueous 
phase quality as was observed at well conditions. The results provide a novel approach 
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to understanding the residual polymer effects as a correlation between morphological 
properties and bulk properties of W/O emulsions.
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The gas-oil interfacial tension (IFT) has a critical role in the performance 
of CO2enhanced oil recovery(EOR) processes because it controls the fluid 
distribution and flow behavior in porous media.1This workreports new data 
of gas/oil IFT aiming to study this property behavior at the Brazilian pre-salt 
reservoirconditionsaswellastodeterminetheminimummiscibilitypressure(MMP)
employingthevanishinginterfacial tension technique. The IFT was measured with a 
DSA100 apparatus (Krüss/Eurotechnica) using aBrazilian pre-salt dead oil provided 
by Petrogal Brasil S.A. for two gaseous systems: 100% CO2 and a mixtureof CO2and 
CH4with the same molar quantities at the reservoir temperature of 61 °C. Figure 1(a) 
shows themeasured equilibrium IFT against the pressure for the CO2/dead oil system, 
for which the average standarddeviation (SD) was 0.06 mN/m and the calculated MMP 
was 14.85 MPa. This value can be predicted with a5.60% deviation using the correlation 
developed by Lins and coworkers.2Figure 1(b) shows the same for theCO2+CH4/dead oil 
system, whose average SD was 0.11 mN/m and the calculated MMP was 25.29 MPa. 
Thedynamic behavior of IFT and other experimental issues will be properly discussed in 
the presentation. Theresults indicate lower IFT values and MMP for purified CO2than for 
the CO2+CH4mixture, which is quiteexpected. Although the CO2+CH4mixture presents 
a higher MMP, its injection still promotes a miscibledisplacement in the case of the 
Brazilian pre-salt reservoirs, once the MMP is lower than the typical innerreservoir 
pressure, which is around 50 MPa. Also, the reported IFT data and MMP are highly 
helpful whensettingandassessingnumericalsimulationsofCO2EORprocesses.
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Abstract

 Asphaltenes precipitation and deposition in reservoirs, pipelines, wells, and transport 
facilities represents an important economic impact in the crude oil production. Thus, the 
incorporation of additives that can stabilize asphaltenes it’s one of the strategies used to 
hamper their destabilization and/or deposition.

In this work, the effect of a commercial additive, provided by TotalEnergies Additives & 
Fuels Solutions, as asphaltene’s precipitation/deposition inhibitor in a pure crude oil sample 
with different destabilizing agents (DA: C7, C9, C12 and Gas Mixture) was evaluated, 
using two systems developed at our laboratory based on a fully immersed Quartz Crystal 
Resonator under atmospheric pressure and High-Pressure High-Temperature (HP-HT) 
conditions1,2.

The results shows that the incorporation of the additive to the crude oil sample at 2000 
ppm leads to an increase in the stability of the sample at atmospheric pressure, regardless 
the n-alkane used as destabilizing agent (Figure 1.a). At HP-HT conditions, the presence 
of the additive produce an important reduction of the Upper Asphaltenes Instability 
Pressure (UAIP) at the different conditions evaluated (Figure 1.b), thus, increasing the 
asphaltene’s free zone in a P vs Composition phase diagram. These results suggest 
that the inhibitor strongly interacts with the more unstable fraction of asphaltenes, as 
presented in Figure 1.c, effectively maintaining them in dispersion, thus increasing the 
stability of the system at the different conditions of pressure and temperature studied.
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Figure 1. Inhibitor Effect in asphaltenes Destabilization. a) Atmospheric 
Pressure Titrations. b) UAIP reduction at HP-HT. c) Schematic Inhibitor-Asphaltene 

Interaction.
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Abstract

 The phenomena present inside hydrocarbon transport pipelines are a current problem 
in the onshore and offshore oil & gas industry, due to the high energy consumption together 
with natural resources and the low characterization of the fluids that are transported in a 
synchronized manner. In this work, a practical procedure is developed for the determination 
of volume fractions, surface velocities and two-phase flow patterns of lubricating oil and 
water in horizontal pipelines, defined as output parameters through the application of 
several artificial intelligence techniques, with the structuring of intelligent models based 
on physical and geometric properties such as viscosities, Reynolds number, differential 
pressure in the line and pipe diameter. We obtain predictive values for the parameters 
defined as outputs, with a Mean Square Error (MSE) close to 3%, an Average Absolute 
Percentage Error of 1% and a determination coefficient close to 1, training the systems 
with 70% of the available information and validating each one automatically with the 
remaining information (30%).
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Abstract

 Crude oil extracted from wells is normally accompanied by gas, water and little 
amounts of sand/clays. For obtaining oil under adequate specifications for its refining, 
it is important to separate the byproducts in the best and most complete way possible, 
which is done at the flow stations through a process that sequentially uses a series 
of different equipment with the help of the dosage of chemical additives. The excess 
separated water carries with it a small amount of fats/oils, which is generally separated 
using skimming tanks. The flow station in an heavy oil field in Colombia experience a 
problem with a material that was gradually obstructing the internals of the skimming 
tanks, which were designed with a coalescing filter, limiting the capacity of the station. 
The first recommendation was to bypass the tank while making a mechanical/chemical 
cleaning procedure but the engineers of the field prefered an in-line alternative.

Water entering and leaving the skimming tank and a sample of the plugging material 
was characterized, the last was determined to be a mixture of heavy oil and sand. Then, 
several chemical treatment options were evaluated at laboratory scale by a series of tests 
including interfacial tension, solubilizing power, and small-scale filtration. The product 
selected to be recommended corresponded to a surfactant from the alcohol propoxy 
sulfate family.

The application of the selected chemical treatment was realized in a pilot scale and 
complemented with the evaluation of its effect on different flow station parameters 
including the quality of the water leaving the skimming tank, the managed flow rate and 
inlet pressure of the tank and the effect on other processes like flocculation and crude oil 
dehydration.

According to the results, the amount of chemical used in the water current entering 
the skimming tank in the pilot test had no significant influence on the monitored water 
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quality parameters, a peak of anionic active matter concentration was observed in the 
water leaving the tank above the baseline a few hours after the application. A decrease 
in the managed flow rate and an increase in the pressure measured at the entrance were 
observed, may be due to the formation of a bank of plugging material in the tubes that 
are part of the coalescing filter. However, that trend was reversed, wich was evidenced 
by the increasing the flow and decreasing the pressure a few hours later indicating the 
good efficacy potential of the selected chemical treatment which then was recommended 
to be used a in full-scale following particular dosing protocol options.
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Abstract

 Measurement of P-T equilibrium points of gas hydrates formation in porous media for 
a fluid produced in a field recently discovered in the southeast of Mexico is presented. 
Experimental study of gas hydrates formation in porous media has been split in two 
parts. In the present part, the hydrate formation conditions of a natural gas are described, 
while in the second part, an experimental methodology will be presented to study the 
replacement of methane by carbon dioxide during the formation of hydrates of gas. The 
porous media used was sand of quartz recovered from a reservoir in the northeast of 
Mexico, with an effective porosity of 38.46%, permeability of 0.64 Darcy (D), particle 
size of 711 microns and a pore size of 222 microns (a sand with particle and pore large 
size was used, in comparison to the previous studies reported in literature, in order to 
know its effect on the conditions of formation of gas hydrates in the porous media). The 
experimental data was generated using the isochoric method. The experimental results 
were compared with data from literature and calculated with the commercial software 
from Colorado School of Mines Hydrate (CSMHyd) program; two models based on the 
equations of state of Peng-Robinson (PR); Soave- Redlich-Kwong (SRK) available in 
the PVT simulation package (PVTsims) version 1.3. The results showed a significant 
similarity of the equilibrium points of the systems studied (gas + water and gas + water + 
porous media) in the temperature and pressure of 270-285 K and 1-14 Mpa, respectively.
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Abstract

 The asphaltene fraction has been widely studied due to its impact on oil production, 
transport, and refining.1 This oil fraction can promote a drastic reduction of oil production 
due to asphaltene precipitation and deposition damage.1,2 Therefore, screening models 
to predict the risk of asphaltene damage are useful to prevent production drops and to 
optimize the management of the oil resources.1 Several screening models have been 
focused on the oil compositions (SARA analysis) since the asphaltenes were defined as 
the heaviest oil fraction which is soluble in aromatics solvent (as toluene) and insoluble 
in short-chain aliphatic (as n-heptane and n-pentane) 3,4. The asphaltene stability index 
(ASI), the colloidal instability index (CII), qualitative-quantitative analysis (QQA), stability 
cross plot (SCP) can be cited as the most conventionally used screening models based 
on the oil SARA composition.1 However, these screening models cannot consider key 
variables for the asphaltene stability as the temperature, pressure, well-depth, and gas-
oil ratio (GOR). In this sense, the Boer plot method offers a very interesting formulation 
because it considers the driven force of asphaltene precipitation (undersaturation 
degree, i.e., the difference between reservoir pressure and the bubble point) and the live 
crude oil density.1 This last property can encompass the omitted variables in the SARA-
based screening models since the live crude oil density is a function of the pressure, 
temperature, and composition (e.g., GOR variations).4 Hence, two crude oils that have 
different densities, at reservoir conditions, could have a dissimilar risk of asphaltene 
precipitation and still have similar SARA composition.

In this study, a machine learning (ML) model based on support vector machines 
(SVM) was proposed to predict the asphaltene damage risk from the asphaltene stability 
class index (ASCI) data and the in-situ live crude oil densities. Unlike the de Boer plot, 
this model uses an estimation of the asphaltene aggregation ability. Since, the ASCI 
evaluation considers the structural characteristics of asphaltenes from their intrinsic 
solubility and the dispersing capacity of maltenes in crude oil, simultaneously. In total, 24 
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crude oils were evaluated experimentally, 18 of them were used for training the ML model 
whereas the other 6 fluids were used as validation data, obtaining a perfect classification 
accuracy (100%). The results were compared with compositional screening, being the 
classification accuracy of 29% for the resin/asphaltene ratio, 28% for ASI, 64% for CII, 
and 98% for de Boer plot. Therefore, the use of ASCI values allows for more accurate 
predictions and more reliable classification. In addition, a novel evaluation parameter was 
proposed, based on the percentage reduction of the absorbance in each vial, allowing to 
obtain a quantitative determination instead of a qualitative evaluation based on visually 
observing the precipitated “solid” material. Finally, a compositional comparison between 
the samples that precipitate and those that do not precipitate asphaltenes was carried 
out to determine the key factors that promote or prevent this phenomenon. The model 
proposed contributes to predicting the potential risk of damage due to asphaltene 
precipitation, allowing to take the necessary preventive measures to avoid the oil 
production declination.
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Abstract

 Drilling fluid is one of the most important components of drilling operation. There are 
several types of drilling mud, however water-based drilling mud (WBM) as the preferred 
ones over the other types despite their limitation, because its use reduces environmental 
problems. These fluids are characterized by rheological and filtration characteristics, and 
their properties are generally controlled by polymers, however they can also be enhanced 
with the addition of certain nanomaterial. Nanomaterials have a length scale between 1 
and 100 nanometers. At this size, materials begin to exhibit unique properties. Many 
studies have been conducted to analyze the enhancement of drilling fluids through the 
use of nanotechnology. Nanoparticles are the most used, however there are also other 
nanomaterials such as nanotubes, nanofibers, nanoplates and nanowires with particular 
properties.1D metal nanostructures, such as nanowires (NWs), have been distinguished 
electric conductivity, mechanical flexibility, thermal and catalytic characteristics. In this 
study, the use of copper nanowires (CuNWs) to improve the rheological and filtrate loss 
properties of water-based drilling fluid was reported. CuNWs have been synthesized 
via wet chemical reduction with ethylenediamine-mediated anisotropic growth.1 Their 
characterization has been carried out using field emission scanning electron microscopy 
(FE-SEM) (Figure 1) and X-ray diffraction analysis (XRD). The experiments are conducted 
at concentrations of 500, 1000 and 2000 ppm of CuNWs to investigate their influence 
on fluid rheology at 25, 50, 65 and 80 °C and API filtrate at normal temperature and 100 
psi. The experimental results show that the interaction of CuNWs with carbonates and 
polymers resulted in decrease apparent viscosity (AV), plastic viscosity (PV), yield point 
(YP), and API fluid loss. 
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Figure 1. Scanning electron microscopy (SEM) image of the as-synthesized 
copper nanowires. 
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Abstract

 An Umbilical Operations Tool was developed to simulate flow of fluid(s) through an 
umbilical filled with another fluid. Umbilicals used for delivering production chemicals 
and other hydraulic fluids subsea are often flushed for various purposes like swapping of 
chemicals, filling with preservation fluids for extended shut-ins etc. During these flushes, 
it is critical to understand how the fluid that will be pushed after the incumbent will travel 
through the umbilical. This tool helps understand how the pumped fluid mixes with the 
incumbent fluid, how the mixing zone travels through the umbilical and when it will reach 
the desired location. In other words, it helps estimate the concentration of the two fluids 
(incumbent and pumped) as it changes through space and time.

The tool’s predictions were used during a demulsifier field trial in a deepwater asset 
to determine when the demulsifier would reach the injection location (subsea wellhead), 
displacing the flushing/preservation fluid (EGMBE) the umbilical was filled with. This 
information was critical to ensure delivery of correct demulsifier dosage and mitigate risk of 
upsetting system conditions, while at the same time ensuring that the demulsifier reaches 
the wellhead as fast as possible to reduce trial time. The tool was able to accurately 
estimate the time range when the demulsifier would first hit the injection location and the 
gradual change in concentration of the demulsifier (and subsequent gradual reduction of 
EGMBE) at that site based on the flow rate. Based on this information, the flow rate of 
the pumping was gradually adjusted to keep demulsifier dose rate within the accePTEd 
range.

The wellhead and riser base pressure profile after demulsifier injection was started, 
validated the tool’s predictions with a drop in pressure seen at approximately the same 
time the demulsifier was supposed to mix with the production fluids as per the Umbilical 
Tool’s prediction. This also led to the field trial being started about 51 hours earlier than 
was originally intended.
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 Abstract

 The high demand for conventional energy resources, such as light crude oil, has 
caused a shortage of reserves of this type of fluid, which is why energy resources 
such as extra-heavy crude oil and asphaltites have become outstanding alternatives 
as energy substitutes for the so-called conventional hydrocarbons, but these types of 
substances present operational difficulties for their use, due to their high viscosities. 
The development of technologies that allow taking advantage of these energy resources 
is imperative, and one of them is to apply solvents or substances that improve their 
solubility and mobility, the present investigation consists of using a traditional product 
from the Amazon, which is Sacha Inchi oil. as asphaltite solvent, 30% W and 50% W 
asphaltite. Solutions were prepared from which the viscosity of the two solutions was 
determined at three temperatures and a shear rate range between 4 s-1 and 420 s-1. It 
was observed that all fluids retain a newtonian behavior, these results are promising to be 
able to incorporate asphaltite in traditional hydrocarbon treatment methods, developing 
technologies and additives around Sacha Inchi oil and its derivatives.
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Abstract

 Fines migration problems in reservoirs have a major impact on the oil industry, they 
can cause formation damage associated with particle mobilization, with consequent 
reduction in well productivity, these fines are less than 200 micrometers in size and can 
pass through filters and accumulate in pipelines and tanks at surface level generating 
important field and economic damages. An emerging technology to solve this problem is 
the use of nanofluids to mitigate the fines migration problem, due to their physicochemical 
properties can favor fines entrapment.

In this work the influence of a nanofluid prepared from biogenic SiO2 nanoparticles for 
fines migration control was studied. Biogenic mesoporous nanosilica nanoparticles was 
synthesized from rice husks and dispersed in a fluid composed of diesel: xylene, to test 
inhibition of fines migration during crude oil production. An experimental methodology 
was developed to simulate the generation of fines and the effect of nanofluid in a model 
core. The experimental setup consists of a stainless steel Hassler cell, inside the Hassler 
cell, a viton core is assembled together with the lower piston by adding two filters and 
a wire mesh. The model core with a composition similar to the field is prepared with the 
mixture of sand of different size distribution and a fix quantity of fines packed at field 
pressure.

A methodology was developed to perform the laboratory tests using crude oil from 
fields with fines generation problems in order to obtain results as close to reality as 
possible. Four different tests were run, the first injecting crude oil through the with the 
core to have a reference of the fines production and pressure change at the exit, the 
second using a mixture of base fluid (diesel: xylene) and two tests to study the influence 
of nanofluid at two different concentrations. The properties of the crude oil and the 
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collected solid material were measured to determine the changes that occur as a result 
of the interaction of the crude oil with the nanofluid. 

The variables followed to study the changes in both core and fluid properties before and 
after treatment were the following: amount of fines generated, variation of pressure at the 
inlet and outlet of the core, and composition of the recovered crude and solid material. It 
was found that the use of nanofluid decreases fines production in more than 40% without 
important variation in pressure depletion. The crude oil and material extracted from solid 
was analyzed by GPC-ICPM showing that the nanoparticles adsorb a fraction of the 
asphaltenes in the crude oil and serve as nucleation centers for the agglomeration of 
fines forming larger structures with high porosity, allowing them to be retained in the core 
with a low decrease in permeability. 
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Abstract

 ASTM D70611 (Turbiscan) is a widely used method for evaluating asphaltene instability 
and asphaltene inhibitor performance. The test involves high percentage of anti-solvent 
(typically > 90% heptane) to destabilize all asphaltenes. Recently, many studies have 
investigated asphaltene aggregation kinetics at lower anti-solvent ratios.2 In this work, 
we changed the composition of anti-solvent from simple heptane to various heptol 
combinations, investigated kinetic profiles with/without AIs by Turbiscan, and performed 
corresponding packed-bed deposition tests. 

Using Turbiscan to establish asphaltene aggregation kinetics was first done in a 
Canadian oil. We chose 6 h scan time and looked for asphaltene onset time (tonset) by 
identifying transmittance (T%) turning point. Varying hep%, tonset can be measured for 
different conditions (Figure a). Plots of tonset or log (tonset) v.s. hep% yielded kinetic profiles 
(Figure b) with similar curve geometries found in literature.2 Using AI-1, 6 h tonset was not 
detectable within until 76 hep% (tonset = 5 h) at 100 ppm dosage, compared to the blank, 
which exhibited a 6 h identifiable tonset > 61 hep%, a significant suppression of asphaltene 
aggregation. 

A middle east oil was used for further investigation. Turbiscan tonset suggested the 
asphaltene aggregation were delayed by all AIs. However, in packed-bed dynamic 
deposition test (70% heptane, 30% crude oil, 75 °C) some AIs showed some reduction 
in deposition weight but some increased (Table 1). Although Turbiscan is an effective 
way to characterize asphaltene aggregation kinetics, asphaltene deposition tendency is 
a more complex subject than particle growth. Nevertheless, the combination of kinetic 
studies and packed-bed dynamic deposition tests offers an effective platform to rapidly 
screen new AI molecules and formulations. 
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Figure a. Selected T% vs t curve and an example of tonset. 

Figure b. tonset vs hep% for blank (black hollow circle) and 75 ppm AI (grey hollow 
triangle). log (tonset) vs hep% and linear regression lines for blank (black solid circle) and 

75 ppm AI (grey solid triangle).

tonset (min) / Sample 70% 72% 75% Asphaltene deposition 
weight (mg)

Reduction in 
asphaltene 

deposition (%)

Blank 105 120 70 187 0

AI-1 300+ 250 n/a 194 -3.7

AI-2 300+ 300+ 65 89 52.4

AI-3 300+ 300+ 110 61 67.4

AI-4 300+ 240 85 189 -1.1

AI-5 300+ 300+ 140 148 21.9

Table 1. Asphaltene tonset for the middle east oil and deposition test results with 
various AIs dosed at 150 ppm.



289

References
(1) ASTM D7061-19, ASTM International, West Conshohocken, PA, 2019.
 (2) Haji-Akbari, N.; Masirisuk, P; Hoepfner, M. P.; Fogler, H. S., Energy Fuels, 27 (2013), 

2497. 



290

FA-11 

Effect of Alkylimide Structure on Pour Point Depression of 
Paraffinic Crude Oils

Kiernan Heck1, Amr Mostafa2, Auribel Dos Santos3, Joey Mangadlao1, Szymon Jankowski2, Hans 
Oskarsson4, Per-Erik Hellberg4, and Paul Ferm*1†

1Nouryon, Performance Formulations, Natural Resources R&D, Bridgewater, New Jersey, USA
2Nouryon, Performance Formulations, Natural Resources, Dubai R&D, UAE

3Nouryon, Performance Formulations, Natural Resources R&D, Deventer, The Netherlands
4Nouryon, Performance Formulations, Natural Resources R&D, Stenungsund, Sweden

Abstract

 Paraffinic crude oils, if not properly managed, can undergo production issues including 
solidification in pipelines, transport, and at the wellhead. In such cases, Paraffin wax 
nucleation and crystal growth is the root cause as crude is produced and experiences a loss 
of light fraction with simultaneous reduction in temperature. To avoid the need for pigging 
and solvent remediation, the use of pour point depressants (PPD) are deployed to inhibit 
crystal growth and allow ongoing oilfield operation. Saturated hydrocarbon content is the 
determining factor in these crude oils and both the molecular weight and percent weight 
of the paraffin is critical in selecting the proper PPD. Comb polymers are long recognized 
for their effectiveness1 and PPDs are tuned to promote interaction of polymeric side 
chains with wax crystals, while also providing steric stabilization of the same crystals to 
inhibit growth. Calorimetric studies have in fact quantified the heat of interaction of such 
a process.2 Due to the complexity of crude oils compositions, it can be difficult to quantify 
the structure-property relationship of any particular PPD polymer. In this contribution, we 
describe sidechain comb polymers based on α-olefin-alkylimide copolymer. The effect of 
the carbon chain length of both monomers is controlled systematically and then optimized 
for facile final product handling and winterization. Factoral Design of Experiment and 
output response optimization allows design of polymers based on molecular weight of 
the paraffin used in a synthetic crude oil. Using of these monomer selection rules to 
paraffinic crude oils and implications for product winterization and product handling are 
discussed. 



291

Figure 1. Carbon Chain Distribution Comparison for Copolymer Side Chain vs 
22C-PP and 30C-PP synthetic crude oils.
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Abstract

  Phase behavior study of crude oil mixture with high gas content is crucial for design 
and oil production, especially for carbon dioxide (CO2) EOR (Enhanced Oil Recovery) 
process. In this work, a new data set of phase transition for opaque Brazilian pre-salt crude 
oil recombined with CO2 is presented by the intermediate of two different experimental 
techniques, i.e., indirect and direct, for pressure up to 90.00 MPa and temperature from 
40.0 to 140.0 °C. Pressure relative volume curves and NIR (near-infrared) transmittance 
signals were used as indirect methods. Moreover, direct observation was used as a 
direct method to identify a vapor or solid phase. Furthermore, an additional configuration 
for direct experimental has been proposed by using a high-pressure microscope (HPM) 
coupled with a SWIR (short wave infrared) arrangement (camera and light source) 
to better observe the complex phase transitions as either liquid-liquid or solid-liquid-
fluid. This method makes it possible to determine new phase occurrence, along with its 
redissolution to pressure and temperature variation. For crude oil + CO2 system with 
lower gas content (38.0 and 50.0 mol % CO2), only vapor-liquid equilibrium (VLE) was 
observed for all temperature domains investigated. However, a Type III phase diagram 
was observed for high gas content (76.6, 80.3, and 84.0 mol % CO2), according to Scott 
and van Konynenburg classification. Additionally, a liquid-liquid equilibrium (LLE) has 
been detected at a temperature above CO2 critical temperature.1,2 However, a liquid-
liquid expansion was observed with pressure decrease, marked by a liquid phase and 
a supercritical fluid phase, resembling a vapor-liquid equilibrium.1 A solid phase was 
observed, and it could be related to asphaltene for crude oil + CO2 at high gas content 
with no redissolution by increasing pressure. Another solid phase was detected, and it is 
associated with wax, as fine solid dispersion morphology with problematic redissolution 
kinetic against temperature.
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Figure 1. NIR Transmittance signal in pressure system function for crude oil + 
CO2 (76.6 mol % CO2) at 80.0, 100.0, and 120.0 °C . 
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Abstract

 The destabilization and precipitation of asphaltenes in mature fields is a recurring 
problem, which can generate damage into the producing formation, through precipitation, 
by the plugging of the pore throats, formation of emulsions and changes in wettability 
turning the rock with preferential wettability to oil, in addition the precipitation of asphaltenes 
also has the potential to block production facilities. The oil industry has dealt with this 
problem, with conventional removal and / or inhibition methods, these are usually very 
expensive, they have temporary effects, they can cause modifications of the formation 
fluids, without guaranteeing that there is no new deposit of the asphaltenes. In addition, 
it requires complex equipment, many times expensive and on several occasions, they 
do not protect the production formation, which can cause formation damage even more 
severe and difficult for remediation.

In this study, we designed and evaluated a stable nanofluid of Magnetite nanoparticles 
and graphene oxide, (GO@Fe3O4) as asphaltene stabilization agent. Fe3O4 nanoparticles 
tend to be magnetically unstable, they agglomerate and then can be deposited, 
preventing them from being applied to the oil formation in a homogeneous way, so 
they were functionalized with GO to improve their stability, while their capacity in the 
stabilization of asphaltenes was potentiated. Different surfactants were applied to the 
oil phase transport medium to generate the stability of the nanoparticles, but it was not 
enough. Finally, the viscosity of the medium was increased, using commercial additives 
and consequently the required stability was achieved.Once the stability of the nanofluid 
was obtained, an evaluation was carried out for the inhibition of asphaltene deposition 
onto the porous media and, in conclusion, it was possible to determine that the nanofluid 
has good performance.

Keywords: Magnetite, asphaltene inhibition, nanoparticles, nanocomposites, puoros 
media, iron oxide, graphene oxide, increase viscosity.
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Abstract

 Paraffinic crude oils can contribute to several production challenges in the oilfield 
when the system temperature drops below the Wax Appearance Temperature (WAT) 
of the crude oil: decreased production, increased restart pressure after a shut-in due 
to oil gelling (yield stress), emulsion stabilization, plugged flowlines, or high pour point 
of the crude oil. Chemical treatment can be used to mitigate some of those issues, and 
polymeric inhibitors are commonly used toward that end. 

Some polymers are quite efficient at reducing paraffin deposition, but they often present 
some challenges when used in finished formulations for cold weather geographies. 

A hyperbranched polymer has been developed in the past with good results for paraffin 
deposition and pour point reduction compared against other benchmark products and 
presented in previous Petrophase 2018. Despite its good performance in the field, the 
material presented some limitations to be used in formulations for extreme cold weather 
due to its tendency to phase separate or form a gel. This work presents the further 
development to obtain a stable product at -40°C for 7 days and for a month with a 
temperature cycle (7 days at -40°C, 50°C for 1h and 7 days at -40°C) with minimal impact 
on product performance as shown in the results below. 

Figure 1. Samples at -40°C for 8 days before (left) and after winterization (right)
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Abstract

 This study aims to evaluate the behavior of Cardanol/SiO2 nanocomposites in the 
inhibition of the asphaltenes damage based on the coreflooding test at reservoir conditions. 
The nanocomposite design was performed in the Part I (https://doi.org/10.1021/acs.
energyfuels.0c01114), leading to SiO2 nanoparticles functionalized with different mass 
fractions of cardanol on the surface of 5 (5CSN), 7 (7CSN), and 9% (9CSN). In this part 
of the study, the nanocomposites/reservoir fluids interactions were evaluated through 
interfacial tension measurements, and nanocomposite/rock surface interactions using 
water imbibition and contact angle measurements. Results showed that the designed 
nanocomposite leads to a reduction of interfacial tension of 82.6, 61.7, and 51.4% for 
5CSN, 7CSN, and 9CSN regarding silica support (SN). Whereas the reduction of the 
Si-OH functional groups from SiO2 nanoparticles due to the increase of the cardanol 
content, affects the effectiveness of the wettability alteration for 7CSN and 9CSN. 
Nevertheless, when 5CSN is evaluated, the system is altered from an oil-wet to a mixed-
wet state. Coreflooding tests at reservoir conditions were performed to evaluate the oil 
recovery after asphaltene damage, after damage removal and nanofluid injection, and 



298

after induction of a second asphaltene, damage to check inhibition. Results show that 
the selected nanocomposites at a dosage of 300 mg·L-1 enhance the oil recovery in 
comparison with the baseline conditions via the reduction of the interfacial/surface forces 
at the pore scale and wettability alteration. It is worth to remark that this improvement 
remains after the second asphaltene damage induction, which proves the high inhibitory 
capacity of the designed nanocomposite for the asphaltene precipitation/deposition. 
Also, the use of the nanocomposites favors the oil recovery more than 50% compared to 
the asphaltene damage scenario

Keywords: Asphaltene damage inhibition; cardanol; coreflooding test. damage 
inhibition, interfacial tension measurements; nanotechnology; silica nanoparticles.
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Abstract

 Crude oil can be considered as an emulsion of asphaltenes-resins associative features 
dispersed on more light components which keep them in suspension. Nevertheless, 
when environmental conditions (temperature, pressure and composition) change, and 
the pectizing mixture fraction is removed the asphaltenes became precipitated [1]. During 
petroleum processing this phenomenon is known as asphaltenes destabilization, and 
even understood as asphaltenes supersaturation [2]. According to chemical structural 
analyses, this behavior starts with the aggregation of the asphaltenes molecules promoted 
by intermolecular forces including hydrogen bonding, π-π stacking, and van der Waals 
forces, among other interactions [3]. During the las two decades structural asphaltene 
elucidation throughout several techniques [4,5] has allowed the scientific community to 
accept two general models, the island and archipelago structures [6]. Due to the aromatic 
cores, which are potentially polarizable, and the different functional groups, asphaltenes 
clusters acquire an electronic density that could be comparable to the electrical surface 
charge in other organic [7] and inorganic colloids [8]. On the other hand, the functional 
groups in asphaltenes could contribute to the acid-base asphaltenes character [9]. 
Therefore, these aggregates can behave as micro-nanoparticles with properties such as 
size, surface electrical charge, ionization activity, that could be crucial in the selection of 
asphaltenes inhibitors necessary to solve petroleum industry problems related to crude 
oil viscosity [10], pipeline fouling [11], flow assurance [2], among others.

Asphaltenes aggregates particle size has been studied using optical techniques 
[12]. Their electrical charge was initially attributed to the proton transfer between the 
asphaltenes and media [13]. A result achieved studying asphaltenes-rock interaction, 
evaluating the pH effect over the asphaltenes electrical charge and its interaction with 
clay and silica particles [14]. Moreover, when asphaltenes aggregates are treated as 
colloids, features as zeta potential (ZP) could be measured. Functional groups such as 
carboxylic acids have shown to be responsible for negative ZP while some recognized 
surfactants have shown to vary the isoelectric point [15], demonstrating a pH-dependent 
effect resulting in electrostatic or hydrophobic interaction between surfactant and 
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asphaltenes ionizable groups [16]. Bearing this in mind, it could be considered that a 
feasible way to evaluate chemical affinity between asphaltenes and potential inhibitors is 
precisely knowing the asphaltenes aggregates chemical charge and applying a molecule 
bearing the corresponding countercharge, to obtain a favorable interaction (inhibiting 
aggregation/precipitation). Some studies have shown that asphaltenes have affinity to 
anionic (DBSA) and cationic (DTAB) surfactants revealing a potential electro-deficiency 
or high charge density over the asphaltenes cores, respectively [17]. Therefore, in the 
present work we suggest a well-known method to study the solid surface charges (PZC) 
applied to new materials, the asphaltene. asphaltene charge and acid-base character 
description result an important parameter to understand and resolve oil and gas industry 
concerns.
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Abstract

 Once a potential for wax deposition has been identified during FEED effective 
mitigation strategies with and without the use of production chemicals are designed and 
implemented in the respective operational procedures. However although the industry 
is many decades of experience in handling waxy crude oils are continuous challenge 
remains in the understanding of physical property and compositional data generated 
by different laboratories on a global basis using a variety of in-house test procedures 
or various international standards. In addition in many cases the original data used for 
the early design may have been generated years or even decades ago. This poses a 
significant challenge for the design team as not only test conditions may not be well 
documented but also in many cases the sampling procedure of the original fluids is 
unknown.

To illustrate these challenges and to provide a guideline on the best way to utilise historic 
data and aligning it with data generated by current state-of-the-art experimental designs 
this paper details the evaluation process and experimental assessment performed under 
field conditions exemplified on examples from onshore field located in northern Germany.

Following a review of historical data new tests were performed with a novel fibre-
optic detection system for the onset of wax crystallisation, wax deposition was assessed 
utilising a solid deposition cell with a wider operational envelope in contrast to the 
traditional cold finger setup and the option to evaluate chemical performance in presence 
of variety of surfaces representing different pipeline materials and ages as well as 
variations in pressure/temperature and cooling. This enabled the evaluation of a wide 
variety of changes in system conditions to be studied and resulted in an effective strategy 
to address the flow assurance risks.
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Abstract 

The main objective of this study was the development of novel acid nanocapsules with 
tailored breaking reservoir temperatures for the controlled release of acids to dissolve fine 
particles. For this, thermolabile nanocapsules (NC) were synthesized using hydrofluoric 
acid (HF) as core and a resin/asphaltene (R:A) mixture as the shell. For the controlled 
release of HF under reservoir temperature, shells with different softening points were 
developed through changes in the R:A ratio. The nanocapsules were characterized in 
terms of structure, size and chemical using transmission electron microscopy (TEM), 
dynamic light scattering (DLS) and Fourier transform infrared spectroscopy (FTIR), 
respectively. A nanofluid (NF) was formulated based on the dispersion of NC in the 
injection brine to achieve an acid concentration of 3% w·v-1, which is a concentration 
commonly used for fine particles dissolution. Measurements of pH, anticorrosive power 
and dissolution kinetics tests were carried out using the free and encapsulated acid at 
120 °C. The characterization results verified the capsular shape, the presence of the 
synthesis components, the size in the nanometric regime, and the capsules’ release 
at different temperatures. Regarding the performance tests, the nanofluid (NF) pH was 
5.67, unlike the free acid, which was lower than 1. Likewise, the corrosion rate increased 
by 94% for free HF concerning the encapsulated acid. Dissolution kinetics were fitted 
to the pseudo-first-order Largergren model with R2 ≥ 0.90. It was observed that in the 
first 20 hours, the dissolution rates are reduced up to 70% using encapsulated acid. 
Accordingly, the development of HF-based nanocapsules can increase the lifetime of the 
acid and reduce the corrosion during the stimulation process. 
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Abstract

 Offshore oil and gas production is known to present severe flow assurance issues. 
In particular, calcium carbonate (CaCO3) scale deposition as its formation reaction is 
influenced by temperature and pH changes that occurred during production. This study 
investigated the calcium carbonate scaling process using a newly developed 1-inch 
diameter meso-scale loop1 and the efficiency of sodium hexametaphosphate (SHMP) 
as a scale inhibitor for calcium carbonate, under drastic conditions of temperature, flow 
rate and scaling ions concentration. The relationship between flow rate, temperature, 
experimental time and CaCO3 formation parameters was evaluated using a dynamic 
methodology designed for the meso-scale loop. Besides, scanning electron microscopy 
(SEM) images and EDA chemical elements analysis were used to study the changes 
of the deposits when using the inhibitor. A non-intrusive method, such as infra-red 
thermal images were used to monitor the scaling tests through external wall temperature 
changes. Results showed fast precipitation of CaCO3 in the drastic conditions evaluated. 
The inhibition effect was found satisfactory as CaCO3 deposition highly decreased. The 
deformed structures for CaCO3 crystals observed by SEM image and EDS analysis 
helped to visualize the changes due to the inhibitor. Finally, the temperature changes due 
to the accumulation of deposits through thermal images were helpful to explain what was 
happening inside the pipes system during the scaling tests.
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Figure 1. Newly developed meso-scale loop.1
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Abstract

 Wax deposition on the walls of the pipeline is determined by various factors such as 
the temperature of the pipe wall, the composition of the crude oil, the temperature of the 
crude oil, the ambient temperature, the flow rate, the thermal history, time, and pressure. 
Flow assurance in hydrocarbon pipelines is very important because the precipitation 
of the solid phase of the wax on the pipeline wall generates pressure abnormalities 
and causes a blockage that leads to a reduction or interruption of production. In long 
pipelines and with high height changes the wax can precipitate as a solid phase on the 
pipe wall when its temperature falls below the wax appearance temperature. Various 
mitigation methods have been used in the oil industry to reduce wax deposition, such as 
pigging, inhibitors and thermal insulation.

In this work, the hydraulic behavior of the Troncal Norte Piedemonte pipeline is 
simulated. This pipeline transports the production associated with the Floreña field, which 
has an average internal diameter of 20 inches, a horizontal extension of 16.5 kilometers 
and maximum elevation changes of 600 meters. The pipeline transports

crude oil with an average API gravity of 52°, wax content of 23% and a wax appearance 
temperature of 71.6°F. In the simulations, the use of a commercial base inhibitor and 
the same commercial base inhibitor enhanced with nanoparticles for the reduction of 
wax deposition was evaluated. The simulation considers the most relevant aspects of 
topography, topology, pipe wall materials and the main accessories in the flow line. The 
behavior of the wells in production that are in the line is coupled to the model through IPR 
curves which were adjusted with the production tests to the date of study.

The flow line is simulated for thirty days in a simulation base case without any wax 
inhibitor chemicals. The results made it possible to determine the critical sections for the 
deposition of solids and the thickness of the wax formed on the walls of the pipe. With 
these results, the strategic points for the injection of the chemical were identified. The 
second simulation scenario is carried out under the same conditions and the commercial 
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base inhibitor is evaluated. The results show a decrease in the amount of wax deposited by 
4% compared to the base case. Finally, the nanoparticle-enhanced inhibitor is evaluated. 
This showed a 9% decrease in solids deposited on the pipe walls. In all the scenarios, 
the thermal and hydraulic behavior of the pipeline was monitored, and its conclusions are 
presented.
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Abstract

 Worldwide, crude oils are classified according to their API (American Petroleum 
Institute) gravity as light, medium, heavy and extra-heavy, the latter requiring thermal or 
chemical treatments for transportation1. In Venezuela, the largest reserves are of heavy 
crude (API between 21.9 and 10) and extra-heavy crude (API less than 10). The Orinoco 
Oil Belt (FPO) presents a challenge in relation to the extraction and transportation of crude 
oil due to its low fluidity, requiring the indispensable use of diluents such as naphtha or 
light crudes to reduce its viscosity. However, when using light crudes, depending on their 
nature and composition, there are variable interactions between their asphaltene fractions 
and those found in FPO crudes. Moreover, unfavorable interactions may occur between 
these asphaltenes causing precipitation or oil/water emulsion stability problems. Due to 
the costs of naphtha and even light crudes, crude/diluent ratios have been adjusted to 
reduce the latter. Asphaltenes and resins are the most important petroleum fractions2,3, 
determining the behavior of most crude oils, having great influence on their properties4, 
from their extraction, transportation and refining. Many scientific studies have sought to 
evaluate systems with molecules that allow stabilizing asphaltenes and facilitating the 
dehydration of crude oils through demulsifying processes5. This research work studies 
the influence of fatty methyl ester on crude oil rheology. The crude oil diluted in different 
solvents and methyl ester in a concentration range between 600 and 900 g/L, allowed 
studying the rheological changes of heavy crude oil, using standard characterization 
methods and their effects on the stability of asphaltenes and demulsification processes. 
The inclusion of methylester, in ester-diluent mixtures, showed a favorable effect in the 
reduction reaching viscosity values similar to those obtained with conventional diluents 
(Figure 1). Additionally, it was found that the ester had no antagonistic effect on the 
stability of the asphaltenes (Figure 2). The results show methylester as an alternative 
for the substitution or reduction of diluent consumption in heavy crude oil transportation 
operations. 
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 Figure 1: Variation in viscosity.  Figure 2: Stability of asphaltenes.
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Abstract

 Precipitation of asphaltenes in oil fields represents interfacial phenomena of great 
concern for oil industry. Oil production decreases due to the obstruction of reservoir rock 
pores by asphaltene blockage. Futhermore, the phenomena of wettability changes and 
water/oil (W/O) emulsions formation take place in the production processes of crude 
oil. Herein, the performance and evaluation of a developed product (F2) based on the 
formulation of an asphaltene inhibitor to overcome these problems is presented. Different 
systems to assess the product were prepared with crude oil, synthetic formation water and 
the inhibitor product itself. These components were mixture under certening conditions 
according to simulated reservoir conditions. Displacement tests using F2 product in three 
different core samples were carried out. The results of asphaltenes dispersions tests 
(ADT) indicate that the product has a 100% dispersion effect on the asphaltenes, with a 
colloidal stability for more than 2 h in the presence of an excess of heptane. The product 
performance to break up W/O emulsions is evaluated, through the preparation of model 
systems with synthetic water. Water resolution results indicate that resultant emulsions 
have low stability. In addition, the interaction (adsorption and adhesion) between crude 
oil and glass surface was evaluated. Crude oil shows strong adsorption on the glass 
surface even after water washing. While in the presence of the inhibitor product there is 
lower adsorption and adherence weakness of crude oil was observed on glass surface. 
The performance observed within the porous medium after the product been injected at 
reservoir conditions, shows that the product F2 mitigates formation damages responsible 
for asphaltene formation and deposition. Observed increments on fluid permeability 
values after injection of F2 to the crude oil are indication of a greater oil flow in the 
rock reservoir sample. Field test results show that more one year of production on a 
well selected, the product F2 has a great performance in matrix no-reactive stimulation 
operations.
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Figure 1: Permeability graph of the oil as a function of the injected porous 
volumes. For an product F2 concentration of 100% v / v.
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Abstract

 Water injection is the most employed method for pressure maintenance. However, 
several operation challenges are related to water quality, since formation damage in the 
near-wellbore due to the pore throat blockage by solids and/or organics usually occurred. 
The objective of this study is to evaluate commercial nanofluids A, B, and C to remove and/
or inhibit the pore throat blockage by altering surface charges and dissolving organics. 
Nanofluids were characterized by FTIR and TGA and water by size distribution. The 
performance of the treatments was evaluated through Zeta potential, organic dissolution 
tests, and water quality curves in two scenarios: inhibition and remediation. Solids obtained 
from the water quality curve without nanofluid were analyzed by SEM, EDS. On the other 
hand, displacement tests were carried out at reservoir conditions in a representative core 
to obtain information about the injectivity and the pore throat blockage mechanism. In 
static experiments, the best performing treatment in the remediation of the damage was 
evaluated at reservoir conditions. Results revealed that nanofluids A, B, and C present in 
the injection water increased the total volumes of water injected by 1.00, 3.12, and 3.88 
times in comparison with the injection water in absence of the nanofluids for the inhibition 
scenario and for the remediation scenario a completely Restauration was obtained for all 
the nanofluids after the damage stage. Finally, treatment B was selected to be evaluated 
at dynamic conditions and an initial concentration of 1000 mg*L-1 achieving a restoration 
of the injectivity up to 64% followed by a reinforcement injection at 500, 200, 100, and 
60 mg*L-1 where it maintains the injectivity and increases up to 81% with respect to 
the initial one. Furthermore, an increase of 8 % in oil recovery was obtained with this 
treatment in a displacement EOR test, which is innovative, since it is the first time that 
nanofluids are evaluated to improve injectivity and obtain incremental recovery.

Keywords: Water injection, Solids, Organics, Nanofluids, EOR
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 Abstract

 Viscosity is a key PVT property in the oil and gas industry as it influences mobility of 
fluids and pressure drawdown in the reservoir, vertical-lift performance in production wells, 
production equipment design and selection, and ultimately reserves assessment, among 
other. Viscosity is usually determined by experimental measurements but sometimes is 
not available at the pressure and temperature conditions at which it is required. Hence, 
there are several published models to predict or estimate viscosity at different working 
conditions. Unfortunately, the most used correlations do not estimate the Colombian dead 
and live crude oil’ viscosities properly. This could be due to the compositional difference 
in Colombian crude oils, which are not captured in the typical viscosity correlations. 
Therefore, this study aims to generate a viscosity correlation based on Colombian 
crudes oils to improve the accuracy of the estimated viscosity under different pressure 
and temperature conditions for a very wide range of fluid types, including heavy crude 
oils for which viscosity estimation is a challenging task. For this purpose, PVT and crude 
oil assays were performed on fluids from different sedimentary basins in Colombia to 
propose a new model for viscosity estimation based on a statistical approach.

The proposed model to predict live oil viscosity (Uo) is composed of three main steps. 
First, the dead oil viscosity is calculated (Uod), which is dependent on temperature and 
API density as parameters (Figure 1-a). Then, solubility of the gas and its effect are 
included to obtain the saturated oil viscosity (Uob). Finally, the compressibility effect 
for pressures greater than bubble pressure (Pb) is considered to obtain Uo2 (Figure 
1-b). In addition, data analysis was performed on every dataset to determine ranges, 
atypical and erroneous data, measuring distribution, the measure of symmetry, and the 
possible variables that could explain and predict viscosity. Also, possible functional forms 
concerning viscosity based on an exhaustive review of the literature of typical correlations 
were considered2-13. To set parameters and hyperparameters, such as the ideal range 
and a functional form, a Downhill Simplex Algorithm14 was implemented in such a way 
that the fit error was minimized while we were looking for the most parsimonious model, 
i.e., minimizing the number of parameters and covering the most of cases.

This allows proposing correlations where simplicity and accuracy were maximized at 
the same time. The results indicate that the model proposed improves the accuracy of 
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the viscosity estimation for Colombian crude oils. This model was successfully applicated 
for API ranges between 6° and 48°, temperature ranges 60 - 300 °F, gas-oil ratio (GOR) 
between 2 and 3830 SCF/STB, predicting dead oil viscosities up to 17500 cP and for 
live oils between 3 and 8000 cP, with a coefficient of determination superior to 0.9. It 
is worth standing that the proposed correlation predicts viscosities with high precision 
of heavy and extra-heavy crude oils from different basins in Colombia, which have 
notable compositional differences. Finally, the methodology proposed can be extended 
to estimate the crude oil viscosities from other parts of the world.
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Abstract

 Water flooding is the most employed method for pressure maintenance. However, 
several operation challenges are related to water quality, since formation damage in the 
near-wellbore due to the pore throat blockage by solids and/or organics usually occurred. 
The objective of this study is to evaluate commercial nanofluids A and B, remove and/
or inhibit the pore throat blockage by altering surface charges and dissolving greases. 
Nanofluids were characterized by FTIR and TGA and water by size distribution. The 
performance of the treatments was evaluated through Zeta potential, organic dissolution 
tests, and water quality curves in two scenarios: inhibition and remediation. Solids obtained 
from the water quality curve without nanofluid were analyzed by SEM, EDS. On the other 
hand, displacement tests were carried out at reservoir conditions in a representative 
core to obtain information about the injectivity and the pore throat blockage mechanism. 
In static experiments, the best performing treatment in the remediation of the damage 
was evaluated at reservoir conditions. Results revealed that nanofluids A and B present 
in the injection water increased the total volumes of water injected by 1.00, and 1.24 
times in comparison with the injection water in absence of the nanofluids for the inhibition 
scenario, and for the remediation scenario a completely Restauration was obtained for all 
the nanofluids after the damage stage. Finally, treatment B was selected to be evaluated 
at dynamic conditions and an initial concentration of 1000 mg*L-1 achieving a restoration 
of up to 100% of the injection capacity followed by a reinforcement injection at 200 mg*L-
1 where it maintains the injection capacity up to 71% and up to 30% without treatment 
respecting the initial one. Lastly, it is necessary to emphasize the novelty of this work 
since it is the first time that nanofluids are evaluated to improve injectivity and obtain 
incremental recovery.

 Keywords: Water injection, Solids, Greases, Nanofluid, EOR
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Abstract

 D-Limonene, a compound consisting of terpenes, constitutes 70 percent of the oil 
expressed from the peel of the orange so it is clearly biodegradable and commonly 
used as a degreaser, hydrocarbon waste cleaner and as a sand oil separator. Its 
global annual production is around 36 million kilograms. In this work, the use of this 
chemical is proposed as an alternative for enhanced oil recovery (EOR). Firstly, two 
oils from the southeast basin of Mexico (one medium and one extra-heavy oil) were 
tested for viscosity reduction with D-Limonene. The viscosity of the heavier oil @25ºC 
is 117,000 cP. The addition of 5% D-Limonene decreased the viscosity to 55,000 cP at 
same conditions, which corresponds to 53% reduction. The addition of D-Limonene also 
reduced the percentage of asphaltenes and paraffins in oil and increased the percentage 
of aromatics and resins (according to SARA analysis). D-Limonene was diluted (3% v/v) 
in brine and EOR tests were performed on a bioclastic sandstone rock with the medium 
oil. The rock has a helium permeability of 2.6 mD, slightly higher than the carbonated rock 
characteristic of Mexico. The rock was characterized by scanning electron microscopy 
(SEM), porosimetry and X-ray diffraction. Contact angles were measured to know the 
humectability of rock with respect to oil, brine, and D-Limonene, finding a high preference 
of rock to oil. Coreflooding tests were carried out in a Core Flood equipment (Figure 1) 
at 50°C and an average of 62.6% oil recovery with 3%D-Limonene diluted in brine was 
achieved. It should be noted that D-Limonene is a sustainable and harmless product, but 
if used for large scale oil production, it must be used in low percentages and recycled, so 
in this work a proposal for reusing D-Limonene is also presented.
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Figure 1. Enhanced oil recovery with D-Limonene diluted in brine
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Abstract

 Fossil fuels are the predominant energy resources implying a high demand for 
their production, which has promoted the advancement of new technologies in the 
exploitation and recovery of crude oil. Enhanced chemical oil recovery involves the 
injection of chemicals to mobilize the oil trapped in the pores of the rocks, with polymers 
being the most widely used.1 This work aims to evaluate Pluronic® F127 for both its 
viscosifying capacity in the presence of salts and its thermoreversible gel property,2,3 
as well as graphene oxide-based compounds and this triblock copolymer at different 
concentrations. Graphene oxide (GO) was synthesized using the modified Hummers 
method with an oxidation time of 24 h.4 Graphene oxide, Pluronic® F127 and GO:F127 
were characterized by Infrared, Raman and UV-Vis spectroscopy, X-ray diffraction and 
SEM scanning electron microscopy. The fluid’s viscosity evaluation was done as a 
function of temperature and salinity according to the API RP 63. Both Pluronic®F127 
(13%wt) and the composites showed a Newtonian behavior throughout the evaluated 
temperature range. However, as the polymer concentration increased, a Herschel-
Bulkley type behavior was observed where the maximum viscosity value was reached 
at 30°C. It is also noticeable that the composite viscosity increases with the increasing 
graphene oxide concentration. Nevertheless, a significant degradation in fluids viscosity 
was observed after 75°C. The interactions of Pluronic®F127 and the compounds in the 
presence of brine (brines containing both NaCl:CaCl2 in ratios of 10 to 1 respectively) 
showed an increase in viscosity at 25°C and decrease at 75°C. Pluronic®F127 can lower 
the interfacial tension of water when it interacts with Colorado 59-39°API crude oil.
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Abstract

 The inter-salt shale oil has been recognized as crucial strategic resources, which has 
attracted extensive attention in recent years. The fracturing fluids injection triggers unique 
salt dissolution phenomena, which on the one hand improves the reservoir pore structure 
network and on the other hand easily induces formation collapse. However, there is no 
research on the triggering mechanism and the controlling factors of salt dissolution, and 
the effect of slat dissolution on important imbibition function in inter-salt shale formation 
is lack of understanding. Herein, the complex mechanism of dissolution reaction in 
inter-salt shale oil resevoir was revealed based on the evaluation of microcosmic pore 
structure network. The effect of salt dissolution on imbibition in inter-salt shale formation 
was assessed from various angles, which was conducted by online nuclear magnetic 
resonance (NMR), high-quality focused ion beam scanning electron microscopy 
(FIB-SEM), and CT technologies, a modified salt dissolution-imbibition model is also 
provided. The results indicate that high temperature improves slat dissolution reaction 
and enhances the seepage capacity by more than 60 times, which sharply exceeds the 
influence of fracturing fluid salinity, flow rate and pressure in inter-slat formation. Three 
kinds of pores for imbibition recovery contribution were 48.17%, 46.39%, and 5.44%, 
namely micropore, mesopore and macropore, respectively. Additionally, salt dissolution 
enlarged seepage channel so that spontaneous imbibition occurred in micropores, which 
was considered as conventionally unmovable areas. Additionally, the salt dissolution 
effect mainly promoted oil discharge in the second stage of imbibition process, leading 
to 15.83% higher imbibition recovery, as shown in Figure 1. These results can furnish 
an in-depth understanding the nature of complicated mechanisms in inter-slat shale oil 
reservoirs with fracturing fluids injection.
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Figure 1. The main mechanisms of the first stage were extremely intense imbibition 
distance brought more fracturing fluid to the shale matrix, which enhanced the salt 
dissolution effect owing to concentration difference. The more intense salt dissolution 
phenomena lied in the second stage, and the inter-salt shale cores permeability was 
rapidly increased through enlarged seepage channels. For the third stage, the salt 
dissolution rate and imbibition distance tended to be constant values and the imbibition 
recovery was unobvious, which indicated that the effects of imbibition and salt dissolution 

were gradually receded.
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Abstract

 Asphaltites are classified as alternative hydrocarbons, and their composition is very 
rich in heavy molecules, as is the case of asphaltenes, which is why they have a behavior 
closer to that of a solid, in this investigation, the behavior of the asphaltenes of two 
Colombian asphaltites, when precipitated with a series of different linear alkanes, in each 
case the amount of asphaltene obtained was quantified, as well as a characterization of 
each of the asphaltene fractions, with the objective of learn more about its composition 
and behavior, thinking of taking this type of substance as an energy alternative. The 
characterization was carried out by means of infrared spectroscopy, ultraviolet-visible 
spectroscopy, additionally an elemental characterization was carried out to know the 
content of Carbon, nitrogen, sulfur, and hydrogen, as well as solubility tests in different 
aromatic solvents, such as aliphatic.

Figure 1. Colombian asphaltite samples studied
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Abstract

 Heavy oil exploitation by thermal processes like steam flooding has great limitation, 
because of the large amount of energy that can be lost during its implementation. This fact 
in high depths and/or thin layers, can be significant due to greater losses not just in the well 
but also towards adjacent formations. In addition, the increasing energy demand restricts 
the amount of fuel availability for steam generation. Therefore, surfactant flooding comes 
up as a potential enhanced oil recovery method for heavy oil exploitation as a solution 
of energy losses from thermal processes. Traditionally, surfactants are used to improve 
immiscible displacement processes by the reduction of interfacial tension between oil 
and water, however, in heavy oil cases, surfactant flooding must be analyzed also fir the 
perspective of emulsions and wettability changes as recovery mechanism present. The 
emulsification and entrainment mechanism consist on an oil-in-water emulsion formation 
(O/W) with a particular characteristic, the droplet size of their dispersed phase must be 
less than the average pore size. Thus, heavy oil is dragged by the continuous phase and 
conducted to the producer well like a low viscosity emulsion. The purpose of this paper is 
to show a numerical laboratory model representing a surfactant flooding test to a heavy 
oil fluid, to model the emulsification and entrainment mechanism. Results show that this 
mechanism is the one that impacts the most in viscosity reduction in a surfactant flooding 
in heavy oils, which can be represented by chemical pseudo- reactions that model the 
formation and flow of in situ emulsions.



324

C&UC-6
 

Computational Study of Glycerol-Based Additives as Viscosifying 
Agents for Enhanced Oil Recovery (EOR)

Valdez Cantillo, Wendy K. *†1, Ramírez Caballero, Gustavo E. 2

1Industrial University of Santander, Physical Chemical Engineering Faculty, Bucaramanga
2Industrial University of Santander, Physical Chemical Engineering Faculty, Bucaramanga

Abstract

The petroleum industry constantly searches for additives with desirable properties for 
their application as viscosifying agents in Enhanced Oil Recovery (EOR), with properties 
such as resistance to mechanical degradation, viscosifying power, thermal stability, and 
biodegradability. A great alternative is glycerol-based polymers, due to their low cost and 
availability, and they are also cataloged as an ecological agent for EOR (1). In addition, 
molecular dynamics simulations allow the prediction of the behavior of a system reliably, 
reducing the required resources for experimentation and providing the possibility of safe 
working with any type of material to analyze a system (2). The built systems are aqueous 
solutions of polymer chains varying polymerization degree and polymer (additive) 
concentration (Figure 1).

This study aimed to evaluate the effect of polymerization degree and additive 
concentration in the viscosity of the system, providing a methodology for viscosity 
measurements applicable to polymers solutions used for EOR. Simulations were 
performed in LAMMPS using the Green-Kubo method. The obtained results show an 
increment of viscosity within the polymerization degree and additive concentration.
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Figure 1. Additive-water system: (a) initial (b) final: replicated initial cell with 
NVT/NPT equilibrium.
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Abstract

 The investigation of fluid properties under confinement is challenging due to 
inhomogeneous densities and the alteration of local molecular properties. Inaccurate 
predictions of confined properties influence the estimation of local densities, total 
quantities of stored hydrocarbon resources, saturation points, and transport properties. 
Despite the critical importance of these properties, there are limited experimental data 
sets where a large variety of fluids are contained within a consistent substrate to utilize 
in the formulation and testing of modeling approaches. Further, prior work has focused 
extensively on the impact of fluid-solid interactions and has largely neglected the impact 
of pore size and geometry, which may result in inaccurate estimates of fluid entropy 
and local structure. In this work, we present complimentary experimental and simulation 
results to probe local thermodynamic and transport properties of confined organic 
compounds. Experimentally, we measured the confined density and self-diffusivity using 
DOSY-NMR for 12 compounds confined in 5 nm SBA-15.1 It was found that alcohols have 
a lower density in confinement relative to bulk despite an expected interaction between 
the OH groups and the silica surface. Hydrocarbons, and more so for cyclic compounds, 
had the highest observed densities in confinement. The compounds with the highest 
density in confinement were observed to have the slowest diffusivities. We hypothesize 
that the mechanism for these observed behaviors is that the perturbation of the fluid 
structure under confinement most significantly influences larger compounds and those 
with significant structure, as is the case with the hydrophilic and hydrophobic groups of 
alcohols. To further test these hypotheses, atomistic molecular dynamic simulations of 
hexane, cyclohexane and benzene were conducted in pores of varying shapes (circle, 
square, triangle) to understand the impact of entropy and fluid structure on confined fluid 
properties. The pores were designed with constant surface area to study the influence of 
a non-uniform distribution of surface energy present at corners and distinct steric effects 
for each pore. We observed that when the fluid exhibits strong wall interactions, like 
benzene, we can connect properties among the different geometries based on the pore 
surface area to volume ratio. However, when the fluid-wall interactions are weak and 
the fluid has a long-range order, like cyclohexane, the fluid exhibits ensemble behavior 
and is significantly impacted by pore shape. The results reveal that the shape of a pore 
for hydrocarbon mixtures may be significant and alters the confined fluid entropy, which 
provides a new pathway to study confined fluid properties. 
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Figure 1. (Left) Experimental correlation between confined fluid density and 
diffusivity1; (Right) Density profiles across pore cross sections for confined 

organic compounds as a function of pore shape. 
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Abstract

 Methane hydrate (MH) is the best-known unconventional energy resource and has 
begun to open its promising future. Even if energy transition and climate mitigation is 
required these days, methane hydrate could provide a significant volume of transitional 
lower carbon energy to compensate for the conventional and shale gas.1 The first offshore 
gas hydrate field test in 2013 and the second in 20172 were attemPTEd in the Eastern 
Nankai Trough in Japan, where a depressurization technique was adoPTEd for producing 
methane gas. Alongside, the replacement of CH4 from gas hydrates by N2-CO2 gas 
mixture has been suggested as an attractive method for both methane gas recovery and 
carbon dioxide sequestration purposes.3,4 The replacement reaction does not require any 
heat source, therefore this method can be used for methane recovery in the permafrost 
area where abundant methane hydrates are estimated to exist. In addition, the CH4-
CO2-N2 mixed gas hydrate formed in sand grains after the replacement reaction keeps 
the sediment mechanically much more stable compared to other gas recovery methods.

In this study, N2-CO2 gas mixture (60% CO2) injection experiments were conducted 
to recover CH4 from hydrate-containing cores with different methane hydrate saturation. 
The core size was 100 mm long and 50 mm in diameter. First, the gas was injected at 
about 83cm3/min (STP) for 3 hours under a controlled production pressure of 7.1 MPa 
and an ambient temperature of 4 °C. After that, four cycles of soaking and gas production 
with injection were employed in the order of 24-hour soaking, 1.5-hour production, 
24-hour soaking, 1.25-hour production, 24-hour soaking, 1-hour production, 24-hour 
soaking and 1-hour production. During each soaking period, injection was stopped, and 
the core was kept shut in. Data of cumulative gas production volume and produced 
gas composition were collected. Numerical simulation was conducted to analyze these 
experiments. Previously, we have demonstrated that it was successful to model the 
production behavior at the initial injection period.4 We defined a mixed hydrate layer, 
which is formed close to the hydrate surface due to the gas replacement reaction, and 
a phase equilibrium calculation was performed between the vapor phase and the mixed 
hydrate layer. To express the replacement phenomenon of CH4 from hydrates for the 
long-term production behavior (as it is the case in soaking), gas diffusion in the hydrate 
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(driven by the concentration difference of each gas between the mixed hydrate layer and 
the rest of the hydrate) was considered in addition to the phase equilibrium calculations, 
and mass and energy transport equations were solved to obtain pressure, temperature, 
gas production data, and compositions in the core.

 Experiments showed that this injection and soaking method worked well for methane 
recovery, with the high exchange ratio (the ratio of the number of moles of CH4 produced 
from the hydrate to the initial number of moles of CH4 contained in the hydrate itself in 
the core) of roughly 50% compared to about 20% of the initial gas injection period. Good 
agreement was obtained between the numerical simulation and the experimental results, 
and simulation with diffusion analyses for the long-term exchange process is verified 
for soaking. Simulation revealed that the soaking process is important for enhancing 
methane recovery and CO2 sequestration, highlighting the gas diffusion phenomena in 
the hydrate play a key role in the long-term production process.
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Abstract

 Low-salinity water injection has established itself as an efficient technique for enhanced 
oil recovery that depends mainly on the ionic composition of the injection water and the 
possible fluid-fluid and fluid-rock interactions between the components of the reservoir 
system. Various mechanisms of action have been proposed to explain the effect of low 
salinity on oil recovery. Although most of these focus on fluid-rock interactions, multiple 
studies have found favorable results in which no alteration of rock surface wettability was 
observed1.

This work evaluated fluid-fluid interactions through a WOR (water oil ratio) experimental 
design (80:20, 50:50, and 20:80) for 24h at 68°C for formulations with different 
compositions (formation water (FW) 44462 ppm and dilutions). The crude oil used in this 
study is a 25°API gravity with an acid number of 0.95 and 8.53% asphaltene content. 
After the phase separation, brines pH, conductivity and density were determined. The 
ionic composition quantification was performed using the capillary electrophoresis (CE) 
technique (CESI 8000 plus). In addition, the interfacial tension of water:oil systems were 
measured using an OCA25-PMC750 optical tensiometer.

Also, in this study, wettability tests were performed by determining the contact angle 
through the captive drop technique. The rocks used (67% quartz, 20% potassium 
feldspar, and 5% clays) were aged in FW for three days (45.6°), in crude oil for two 
months (162.6°), and low salinity formulations (smart water) for two weeks at 68°C. The 
displacement efficiency was also quantified through coreflooding tests.

Results show a pH reduction and conductivity increase of the brines after being in 
contact with the crude oil. Thus establishing the transfer of organic species (carboxylate 
functional groups)2-3 and inorganic ions from the oil phase to the brines. By means of 
CE, it was also possible to quantify variations in the concentration of mono and divalent 
ions before and after the WOR tests. Interfacial tension intervals between 20-26 mN/m 
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were observed without significant variations when changing the saline media, except 
for the 10% v/v FW dilution with IFT reduction to 17.8 mN/m. The fluid-rock tests did 
not yield results that support significant changes in wettability. The contact angles for 
the FW dilutions ranged between 119-162°. However, for FW, a value of 40.6° was 
obtained, representing a high water wet system. Finally, in the coreflooding tests, 65-
70% displacement efficiencies were obtained for the continuous injection of brines with 
salinity differentials between 39000 and 44000 ppm.

In this order of ideas, a possible LSE (low salinity effect) mechanism could be more 
related to the fluid-fluid interactions of the system than to the fluid-rock interactions, 
specifically with the solubility of polar components of the crude oil in the brines and 
variations in their interfacial properties4. To the best of our knowledge, this study reports for 
the first time the CE technique where water compositional analysis of major components 
is performed in 20 μl samples opening a new window of opportunities to evaluate smart 
water mechanisms at an experimental scale.
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Abstract

 Bioremediation is a biotechnological process that uses microorganisms to recover 
contaminated environments due to their ability to use contaminating molecules in their 
metabolic processes. Generally, hydrocarbon utilizing microorganisms are endogenous 
to hydrocarbon-related environments, so their isolation and identification is considered 
a promising method for obtaining hydrocarbon-degrading microorganisms that can be 
used in tertiary water treatment processes in the oil and gas industry. The objective of this 
research was to isolate and identify hydrocarbon-utilizing strains from formation water 
and crude oil, and to evaluate their ability to remove miscible crude oil from produced 
waters. The bacterial isolation was done on a plate and the bacterial identification was 
carried out by micro and macro description, Gram staining and molecular sequencing. The 
growth kinetics and consumption of crude oil and benzene were evaluated and adjusted 
to theoretical models to understand the phenomenon of biocatalysis in simulated saline 
media, the changes in the concentration of biomass and hydrocarbons were calculated 
by means of spectrophotometric tests. As a result, 5 microorganisms were isolated and 
identified, including Stenotrophomona maltofila, Pseudomona aeruginosa, Pseudomona 
oryzihabitans, Pseudomona ptuzeri and Micrococus luteus. being P. stutzeri and M. luteus 
the most effective in consuming crude oil from simulated formation waters, with removals 
between 50% and 80% in a period of less than 22 hours and with the same affinity for 
crude according to theoretical growth models. In relation to the consumption of benzene 
as a xenobiotic contaminant, P. stutzeri degraded 76.41% while M. luteus consumed 
52% P. stutzeri of this molecule present at 90 mg/L in the simulated production waters, 
particularly P. stutzeri was able to produce up to 14.25 g/L of rhamnolipid biosurfactant 
that tries to explain its metabolic function. This proposal is a novel and comprehensive 
methodology that uses the microbiota of environments related to hydrocarbons to recover 
them based on sustainable processes.
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Abstract

Currently, the demand for energy resources is increasing day by day and the largest 
source of this energy is fossil hydrocarbons; It is a challenge for the Colombian industry 
to increase the recovery factor, which remains at 19%, and replenish the reserves, which 
are currently 2,041 million barrels equivalent. 70% of these reserves are heavy crude oil 
found in mature fields.1 These heavy crude oils have a high content of asphaltenes and 
these structures form aggregates which increase the viscosity of crude oil, limiting its 
extraction and transportation.2

Recent studies have shown that magnetic nanoparticles can interact with 
electromagnetic radiation in the microwave and radiofrequency spectral range. This 
interaction results in the heating of the medium in which the dispersed nanoparticles are 
found.3

In this work, we study the effect on the viscosity of a heavy crude oil irradiated with 
2.45 GHz microwaves (MW) in presence of a ferromagnetic nanocomposite of graphene 
oxide (GO) y magnetite nanoparticles, (GO@Fe3O4).The study was carried out in three 
stages: (1) Chemical synthesis by the bottom-up method of magnetic nanocomposite 
(GO@Fe3O4) (2) Dispersion of magnetic nanocomposite in the crude oil and (3) Viscosity 
measurements of the crude oil irradiated with MW in presence of GO@Fe3O4. 
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Abstract

 Hydraulic fracturing (HF) is the most widely used technique to extract oil and gas 
from unconventional reservoirs, however, it generates large volumes of wastewater 
with components typical of fractured formations, including radioactive isotopes such as 
uranium. Although radioactive materials occur naturally in low concentrations, they pose 
high risks of biotic toxicity1. The objective of this research was to develop smart carbons 
(C) from agroindustry residues as a proposal for the removal by physisorption of uranium 
ions present in simulated brines after the Hydraulic fracturing. The materials were 
obtained by chemical activation and pyrolysis of fruit seeds, and were surface modified 
to add nitrogen, phosphorus, and phosphorus/nitrogen heteroatoms. Batch adsorption 
tests were then carried out at relevant field conditions. The effect of the chemical nature 
of the material, the adsorbate/adsorbent ratio and the salinity of the flowback water on 
the adsorptive efficiency, as well as the reuse capacity of C, were evaluated. The results 
revealed optimal uranyl removal capacities of 500 mg /g material (100% removal) in 4 h, 
using a 5:1 adsorbent/adsorbate ratio and saline concentrations between 0 and 5% w/v. 
Finally, the materials were reusable for 30 cycles. The present invention has enormous 
potential for mitigating the biological impacts associated with hydraulic fracturing, and to 
the best of our knowledge, there are no such proposals in the energy field.
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Abstract

 The water injection is one of the most widely used techniques, recently the use of low-
salinity water has received great scientific attention. However, the mechanisms by which 
this method works are still not completely clear [1, 2]. In the present work, we intend to 
understand the interaction mechanism at the crude/low salinity brine/rock interfaces [3] 
and, in turn, improve the injection of low salinity water with and without nanoparticles 
that positively impact the interfacial properties. To do this, surfactant components 
(asphaltenes, resin, and naphthenic acid) were extracted from a crude oil sample and 
combined with NaCl and CaCl2 saline solutions at two different ionic strengths (0.0017 
and 0.0171 mol.kg-1). In addition, synthetic core samples were prepared from different 
types and concentrations of clay (Ottawa sand, Montmorillonite, and Kaolinite). Then, 
the saline solution with the maximum IFT reduction was chosen for the displacement 
tests (evaluating oil recovery factor). Results revealed that divalent ions reacted 
better than monovalent ions, core samples including more amounts of Montmorillonite 
provided better rock surface, and there was a maximum IFT reduction (3.5%) at the 
ionic strength of 0.0171 mol.kg-1. When using the designed nanofluid, a change in the 
water-oil interfacial tension and contact angle was observed, in addition to a significant 
increase in oil recovery of 25 and 44% for the systems in the absence and presence of 
nanoparticles, respectively.
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Abstract

 Steam injection is one of the main techniques for enhanced heavy oil recovery. Recent 
studies have shown that the use of nanocatalysts in steam injection operations improves 
the quality of crude oil at reservoir conditions, reducing the viscosity and increasing the 
API gravity of the oil. The objective of this work is to numerically model the physical/
chemical behavior that occurs in the reservoir when steam enhanced with nanocatalysts 
is injected into the porous media, and the changes in the composition and viscosity of 
the crude oil. 

The proposed mathematical model contemplates a system of nc components and four 
phases: aqueous, oleic, vapor and solid. The numerical solution is performed using the 
finite volume method (FVM) and the solution of the resulting equations are solved using 
the Newton-Raphson method in a fully implicit solution scheme. The model is validated 
from laboratory core displacement tests reported in the literature. These results are used 
to scale the performance of the technique to reservoir conditions in a single well model. 
Finally, an experimental numerical design is used to find the optimal point of stimulation 
and perform a sensitivity analysis of the variables.
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 Abstract

 The decrease in light crude oil reserves has generated the search for alternatives such 
as heavy crude oils to compensate the high world energy demand. To fulfill this purpose, 
the use of new recovery techniques is required for this type of oil, which have low API 
gravity (10 to 22 °API) and high viscosity (>100 cP) in reservoir conditions, causing a low 
mobility and a low recovery factor [1]. Currently, one of the techniques being improved for 
use in heavy crude oils is surfactant flooding, which improves the interfacial properties of 
the rock/fluid system. However, new materials are being investigated that can be used 
as additives in the surfactant flooding to increase its effectiveness in the heavy crude oil 
extraction. Among these materials are silicon oxide (SiO2) and aluminum oxide (Al2O3) 
nanoparticles, which are considered as the exceptional candidates due to their thermal 
and mechanical resistance [2]. Moreover, dispersions with nanoparticles can modify 
porous medium wettability and transport the surfactant to the oil/water interface with 
lower adsorption on the rock [3]. In this study was evaluatedthe effect of formulations 
composed of a surfactant S with silica (SiO2-NPs) or alumina (Al2O3-NPs) nanoparticles 
on the recovery of a Colombian heavy crude oil (21 ºAPI @ 25 °C) in the presence of a 
sandstone-type rock. For this purpose, detergency tests were carried out at 60 °C, during 
120 min, with solutions containing 10,000 ppm NaCl and 5,000 ppm surfactant S were 
used in the presence of NPs with concentrations in the range of 0 to 1000 ppm. Finally, 
rock wettability with the surfactant-nanoparticle formulations was determined using the 
contact angle technique. The results showed that the recovery percentages of the crude 
oils in the presence of the surfactant were in the order of 40 - 75 % wt, while the use 
of surfactant formulations with NPs promoted recovery yields in the range of 63 - 97 
% wt. Additionally, it was determined that resins and asphaltenes presented a higher 
interaction with the porous medium. Likewise, it can be indicated that the surfactant/NPs 
formulations proposed in this work can be applied with high potential in different recovery 
methods.

 Keywords: Heavy crude oil, surfactant, nanoparticles, rock wettability.
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Abstract

 In the last years, nanotechnology in the oil and gas industry has shown great potential 
for its application in different operations. In Enhanced Oil Recovery processes (EOR) 
such as surfactant Flooding the nanoparticles can offer the possibility of lead increases 
and benefits in oil recovery rate by fluid displacement through changes in a) wettability 
alteration of porous media, b) decrease of interfacial tension between reservoir fluids, 
and c) potential reduction of surfactant adsorption onto porous media. Traditionally, for 
the Oil and Gas Industry the validation of this kind of EOR process under laboratory test is 
approached by the calculus of expression of Capillary Number (Nc, dimensionless value), 
that groups the main mechanisms for fluids displacement in porous media based on the 
ratio of viscous forces and capillary forces; so when it is favorably altered, oil displacement 
becomes better. However, this expression does not consider the case when are include 
nanoparticles and their exclusive benefits. Hence, this work is focused on the validation 
of the Capillary Number concept when nanoparticles are included in EOR processes 
through Nc expression modification based on surface energy considerations and their 
associated interactions. For this work was studied a novel design of nanoparticles with 
“Repulsive Effect” (i.e. no wettable to water and no wettable to oil, Figure 1) integrate 
into the process of surfactant flooding, with the potential effect on wettability alteration 
to favor an increase of recovery oil. Capillary number expression was modified adding 
a correction factor for the effect of the surface energy of the polar and non-polar solid, 
in which the effect of wettability alteration provided by the repulsive nanoparticles is 
assessed. Moreover, was included the effective interfacial tension value at the oil-water 
interface, considering the loss of chemicals in the porous medium given by the adsorptive 
effects. The results of Nc modified expression showed a good fit with the calculus-based 
on experimental data (static test) being corroborated by the dynamic test of coreflooding, 
outcoming in the expected trend of residual saturation changes and recovery oil factor. 
Results exhibited how the synergy of adsorption reduction, IFT reduction, and favorable 
changes in wettability by “repulsive nanoparticles” led to additional Oil recovery. This 
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work presents a good approximation for the assessment of nanotechnology inclusion in 
EOR processes through conventional interpretation methodologies giving add value for 
its implementation.

Figure 1. Image of contact angle to water. Wettability alteration onto rock after 
treatment with nanofluid.
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 Abstract

 Water flooding is the most employed method for pressure maintenance. However, 
several operation challenges are related to water quality, since formation damage in the 
near-wellbore due to the pore throat blockage by solids and/or organics usually occurred. 
The objective of this study is to evaluate commercial nanofluids A and B, remove and/
or inhibit the pore throat blockage by altering surface charges and dissolving greases. 
Nanofluids were characterized by FTIR and TGA and water by size distribution. The 
performance of the treatments was evaluated through Zeta potential, organic dissolution 
tests, and water quality curves in two scenarios: inhibition and remediation. Solids obtained 
from the water quality curve without nanofluid were analyzed by SEM, EDS. On the other 
hand, displacement tests were carried out at reservoir conditions in a representative 
core to obtain information about the injectivity and the pore throat blockage mechanism. 
In static experiments, the best performing treatment in the remediation of the damage 
was evaluated at reservoir conditions. Results revealed that nanofluids A and B present 
in the injection water increased the total volumes of water injected by 1.00, and 1.24 
times in comparison with the injection water in absence of the nanofluids for the inhibition 
scenario, and for the remediation scenario a completely Restauration was obtained for all 
the nanofluids after the damage stage. Finally, treatment B was selected to be evaluated 
at dynamic conditions and an initial concentration of 1000 mg*L-1 achieving a restoration 
of up to 100% of the injection capacity followed by a reinforcement injection at 200 mg*L-
1 where it maintains the injection capacity up to 71% and up to 30% without treatment 
respecting the initial one. Lastly, it is necessary to emphasize the novelty of this work 
since it is the first time that nanofluids are evaluated to improve injectivity and obtain 
incremental recovery.

 Keywords: Water injection, Solids, Greases, Nanofluid, EOR
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Abstract

There has been a recent increase in problems associated with fouling in the heat 
exchangers of preheating trains at the crude distillation units of Barrancabermeja Refinery 
ECOPETROL S.A.  Decrease in heat transfer from these heat exchangers has affected 
fuel consumption in the furnaces, adversely impacting energy efficiency with higher 
CO2 emissions into the atmosphere. Additionally, the number of cleaning events during 
operation and unscheduled shutdowns is rising, reducing refining capacity. To mitigate 
these consequences, it is important to identify the relevant variables in the reduction 
of heat loss. In addition, the variation in the quality and availability of crude oils is a 
challenge both to define an optimal diet, maximization of yields, as well, as to determine 
its effect on fouling; a challenge that implies ensuring its stability within the equipment at 
the conditions of process.

A proposed methodology for advanced operational analysis, which involves analysis 
of historical data, identification of patterns and knowledge generation, carried out in 
one distillation unit of Barrancabermeja refinery, is presented in two stages. First, the 
operational analysis of the preheating train exchangers was carried out with an inhouse 
developed software EcoFouling (owned by ECOPETROL SA), which uses data such as 
temperatures and flows (from hot and cold fluids) to make a rigorous calculation of the 
resistance to heat transfer, the fouling layer (Rf) in order to predict the fouling level of heat 
exchangers. From these results, we determined which heat exchangers had the highest 
fouling speed and hierarchy, and which side of the process had the highest intensity of 
fouling. The second stage included advanced data analysis with various variables related 
to the calculated Rf, load flow, diet characterization and furnace operation, in order to 
identify the contributing variables for the increase in Rf in the exchangers with higher 
fouling potential.

The Ecofouling software showed that the exchangers in the preheating train of the 
study unit have a high fouling tendency, reaching limits within one to two months of 
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entering service in a clean state. By analyzing the data, we determined which exchangers 
had the greatest influence on the furnace's gas consumption. From the analysis of all the 
variables, those related to the characterization of the diet played the most prominent role: 
crude side (cold fluid): sulfur concentration (%w/w), insolubles in nC7 (%w/w), naphtha 
fraction (%w/w) (SIMDIST), and API gravity of the intermediate crude mixture; hot fluid 
side: fractions of gas oil and middle distillates (%w/w) (SIMDIST) in the mixture of paraffinic 
intermediate crude It is concluded that the differences in load flow and characterization in 
the diet affected fouling tendency.
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Abstract

 Given the panorama of contamination that occurs in the aquifers after discharging 
the water used in oil extraction, a strategy is created to improve the quality of the 
production water with the implementation of a zeolite as a filtration system and removal 
of compounds. organic. A characterization by X-ray diffraction (XRD) was performed 
on the synthetic zeolite, analyzing the results using the PDF-4 database and it was 
confirmed that it is a sodium clinoptilolite zeolite with the presence of other crystalline 
phases such as: quartz, muscovite and albite, in addition, a characterization was carried 
out by infrared spectroscopy (IR) in order to know the functional groups present and 
it was found that it is a mainly inorganic compound due to the combination of metallic 
elements with non-metallic elements. A morphological analysis was also carried out by 
means of scanning electron microscopy (SEM), in addition to an analysis of elemental 
composition by energy dispersion spectroscopy (EDS) in order to determine the sizes of 
the zeolite particles where it was possible to observe that it has a heterogeneous particle 
size, ranging from 10 microns to more than 100 microns. To use said zeolite as a filtering 
system for production waters from the oil industry, filtering tests were obtained in which 
it was intended to simulate organic molecules with methylene blue in order to perform a 
sorption test that allowed identifying the percentage of removal of methylene blue in the 
zeolite using the uv-vis spectrophotometry method; Said results show that this mineral 
was eliminated around 84% of the corresponding concentration, this being approximately 
1.98 ppm, which means that it is an effective means to implement it as a filter in systems 
with a high load of organic compounds. Finally, a study of the environmental impact 
generated by the contaminated production waters was carried out and it is concluded that 
zeolite is a material that can be implemented as a mitigation system for environmental 
contamination since the analysis carried out in this project activated a high percentage 
of removal of materials that are harmful to the environment, avoids the affectation of 
aquifers that cause changes in pH and their physicochemical conditions; Likewise, it 
allows the recovery of the loss of vegetal cover, the extinction of microfauna, the mortality 
of terrestrial and marine species and the destruction of habitat caused by pollution.
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Abstract

Developing a kinetic model for the complex reaction system is one of the key problems 
in the chemical engineering field. At present, molecular-level kinetic modeling has 
attracted broad research interests for decades and become the state-of-the-art kinetic 
model in petroleum refining. For the fluidized catalytic cracking (FCC) process, a series 
of kinetic models have been reported at the molecular level. However, there are few 
reports on the whole FCC unit based on the molecular level.

In this work, we developed a molecular-level kinetic model for the FCC process and 
simulated the FCC unit, as shown in Fig. 1. A series of reaction rules for heavy oil FCC 
were summarized and formulated based on the reaction mechanism. Then, a large-scale 
molecular-level reaction network was automatically generated by applying the reaction 
rules on the feedstock molecules. On this basis, we coupled the molecular-level kinetic 
model with the riser reactor model. The developed model can predict the product yield, 
bulk properties, and reaction temperature along the riser.

To simulate the FCC unit at the molecular level, we further coupled the riser model 
with the regenerator model. The regenerator model is developed in detail, including the 
two-regime, two-phase behavior of the regenerator. Finally, an efficient model solver 
was used to balance the mass and heat in the reaction and regeneration process of the 
FCC unit. The developed model showed that there was a good agreement between the 
calculated values and experimental data.
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Figure 1. Development of an FCC model at the molecular level
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Abstract

The composition of petroleum provides essential data for refining process model 
development. Formerly, the pseudo-components (or lumps) were used for representation 
of petroleum, which has achieved excellent application in a period. However, owing to 
the demand for high accuracy and refinery-wide simulation models, the representation 
of petroleum fractions should be more detailed. Therefore, the estimation of molecular 
composition from available bulk properties is necessary. This process is generally referred 
to as molecular reconstruction. In the past few decades, the molecular compositional 
model was estimated from available bulk properties. Therefore, the accuracy of the model 
cannot be guaranteed, and the same bulk property error may correspond to different 
molecular distributions, which will bring trouble to the development of subsequent 
molecular-level kinetic models. With the development of molecular characterization 
technology, it is feasible to add molecular characterization data in the construction of 
molecular compositional model of petroleum, which can be used to overcome these 
problems. 

In this work, the molecular reconstruction method based on detailed molecular 
characterization (DMC-RM) of petroleum has been proposed to construct molecular 
compositional model accurately and steadily. The flow chart of the molecular reconstruction 
method based on detailed molecular characterization is shown in Figure 1. For the 
traditional molecular reconstruction, the compositional model was obtained by solving this 
single objective optimization problem. Compared to traditional molecular reconstruction, 
the DMC-RM is a bi-objective optimization problem. The molecular structure library was 
determined via molecular characterization data directly or indirectly. The molecular fraction 
was obtained by optimizing the error between the bulk property data and the calculated 
bulk property value and the similarity between the molecular characterization data and 
the model molecular distribution. Consequently, there is a trade-off between error and 
similarity. It is necessary to flexibly select the optimal solution of the compositional model 
according to the application situation. Based on the DMC-RM method, we constructed 
the diesel compositional model. We choose the compositional model with moderate error 
and similarity as the final result. The predicted bulk properties of the models are consistent 
with the experimental data, and the molecular distribution of the model is consistent with 
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the molecular characterization data. At the same time, we compare the repeatability of 
the DMC-RM method and the traditional molecular reconstruction method. The result 
shows that the DMC-RM method has better repeatability. In conclusion, the DMC-RM 
method exhibits high potential for industrial applications.

Figure 1. Flow chart of the traditional molecular reconstruction and molecular 
reconstruction based on detailed molecular characterization. 
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 Abstract

 A major part of Colombian crude oil production corresponds to heavy and extra heavy 
crude oil. Llanos region is the main producer of this high viscosity and low API crude oil. 
To ensure the transport from the production field to the export terminal located in the 
Colombian Atlantic coast, the crude oil is diluted using naphtha generally imported from 
the USA gulf coast to the centralized storage facilities located also in the Colombian 
Atlantic coast. Compared to the transport cost of the naphtha diluent from the gulf coast 
to the Atlantic coast facilities, the transport cost from these facilities to the production 
facilities is approximately 10 times higher. Therefore, the acquisition and transport cost 
of the naphtha is an economic incentive to change the actual scheme of heavy and extra 
heavy crude dilution to produce a diluted crude (dilbit, as known in literature). In this paper 
different alternatives to replace the dilbit scheme in Colombia, especially in the Llanos 
region were conceived and reviewed considering the technical-economic perspective. In 
Figure 1 is presented a curve of VPN vs Brent value for the different schemes evaluated. 
Two different alternatives to substitute diluent were evaluated. The first was the classical 
production of a synthetic crude through upgrading facilities located in the Llanos region 
using mature and emergent technologies including: partial thermal cracking, delay 
coking, downer thermal cracking, slurry Hydrocraking (HCK) with partial conversion, 
and slurry HCK with total conversion. The second alternative was producing a synthetic 
diluent directly in the Llanos region combining technologies such as the classical delay 
coking - fixed bed HCK and slurry HCK with total conversion combined with fixed bed 
HCK. The results lead to conclude that thermal cracking technologies to produce synbit 
has similar or negative VPN for all Brent levels compared to the dilbit alternative. Partial 
slurry HCK and total slurry HCK to produce Synbit presented positive values for Brent 
values equal to or higher than U$ 35/bbl. The best VPN results are exhibited for the 
synthetic diluent production alternative, notably the slurry HCK total conversion – fixed 
bed HCK combined option. For the diesel + naptha product obtained in the synthetic 
diluent production options a diluent power of 0.71-0.73 relative to a gulf coast naphtha 
scenario was calculated using a specialized software and inhouse correlations.
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 Figure 1. VPN vs Brent for the different schemes proposed relative to the dilbit scheme.
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Abstract

 Catalytic aquathermolysis is an enhanced oil recovery (EOR) technique that injects 
steam with a precursor or catalyst to produce crude oil in reservoirs with a lower 
energy requirement and in less time compared to conventional methods. Therefore, the 
transformed hydrocarbons are of better quality due to their physicochemical properties 
and composition of asphaltenes and maltenes (saturated, aromatic and resins). In this 
work, the catalytic aquathermolysis technique was studied to evaluate the process 
conditions on the physicochemical properties of the improved crude oils and to determine 
the corrosion behavior of the steels in the presence of the catalyst [1-3]. For this purpose, 
the effect of the catalytic aquathermolysis process of two crudes (C1, C2) on the 
corrosion of API/P-110 carbon steel was evaluated. The reactivity tests were carried out 
in a Batch micro-reactor at 270 °C with a saturation pressure of 800 psi and 60 hours of 
reaction. The catalyst evaluated was iron naphthenate with a concentration with respect 
to the metal ion of 100 ppm. Corrosion was evaluated on API/P-110 steel coupons with 
an area of 10.27 cm2. The use of catalytic aquathermolysis reduced the gas yield in 
the range of 1 to 3 % w/w and the viscosity from 35 to 60%. Additionally, distillation 
curves (ASTM D7169) of the improved crudes showed conversions of the 525°C+ heavy 
fractions between 4 and 8 %, showing a significant decrease in complex fractions with 
high boiling points. The analysis of average molecular parameters (AMP´s) by 1H-NMR 
spectroscopy confirm that the reactivity and yield of the products vary according to the 
complexity of the molecular structure of maltenes and asphaltenes present in the heavy 
crudes [4]. AMP´s showed that the major differences with respect to the base crude 
were aromaticity and alkyl chain length. Likewise, it was established that the selectivity 
and reactivity depended on the composition of the heavy crude oil, observing higher 
values of corrosion rates in gas phase (0.0503 mm/y) and liquid phase (0.02979 mm/y) 
for C2, in contrast to those obtained for C1 crude oil (0.02662 mm/y, 0.002567 mm/y) 
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gas and liquid phase, respectively, without the presence of catalyst. However, when iron 
naphthenate was added, reduction percentages were obtained in the corrosion rate of 
the material due to the influence of crude oil C1 of 50.39% In gas phase and 46.74 % 
in liquid phase. On the other hand, the reduction percentages evidenced for crude oil 
C2 were 34.73 % (gas phase) and 70.45 % (liquid phase). The results show that the 
steam flooding mechanism in the presence of catalysts allows the improvement of the 
physicochemical properties of the crude oil at reservoir conditions, and in turn, allows the 
transformation of complex fractions towards the formation of species of smaller size and 
molecular weight. Finally, the presence of the catalyst offers an inhibiting effect on the 
integrity of API P-110 carbon steel.

Keywords: Catalytic aquathermolysis, EOR, API/P-110, corrosion, viscosity.
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Abstract

 The energy landscape and the technical alternatives to supply the growing energy 
demand have made the oil and gas industry focus on heavy and extra-heavy oils. 
However, the production, transportation and refining processes for this kind of hydrocarbon 
bring significant technological challenges. In this scenario, the enhanced solvent de-
asphalting (e-SDA) process was proposed as highly innovative nanotechnology to 
improve deasphalted oil (DAO) quality and catalytic pitch conversion, as shown in Figure 
1. There was proven that the presence of nanoparticles generates DAO samples with 
lower asphaltene and sulfur content (reduced in 24 and 23% respectively), higher °API 
(increased in 14%) and distillable fraction, and with lower expected viscosity values 
than those obtained with the traditional solvent deasphalting process (SDA), showing 
reductions near to 50%. The catalytic decomposition of the pitch or residue there was 
also potentiated by the presence of nanoparticles optimized, reducing the temperature at 
which this process occurs. In this sense, its isothermal catalytic conversion was evaluated 
for the e-SDA pitch obtained with the optimized nanoparticles. At 340 °C, there was 
achieved a total conversion of the pitch, while for the virgin pitch, it can be reached less 
than 60 % of conversion at 390 °C. Finally, the e-SDA process generates more gases 
helpful in generating energy or being used in enhanced oil recovery methods.
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Figure 1. Schematic diagram of the e-SDA process. AdaPTEd from [1]
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 Abstract

 Optimizing the processing of heavy oils requires detailed information on the most 
difficult fraction – the vacuum residue boiling over 524°C. Separation of the vacuum 
residue into fractions followed by detailed chemical characterization and micro-scale 
reactivity measurements develops a matrix of results that provides insights into the 
underlying chemistry as well as the options for refinery processing. Separation methods 
such as molecular distillation and supercritical fluid extraction allow separation into more 
fractions than the conventional SARA analysis. These separations are effective at the 
laboratory scale and have the potential to be scaled up if the subsequent reactivity of the 
fractions shows promising results. Several Colombian vacuum residues were fractionated 
by molecular distillation and supercritical fluid extraction using n-hexane as extraction 
fluid. Standard characterization including API [ASTM D-70], sulfur [ASTM-D1552], CCR 
[ASTM-D4530], nickel and vanadium [ICP-OES] and SARA analysis was conducted on 
all fractions and vacuum residue. To establish the reaction behavior of fractions of several 
Colombian vacuum residues, three micro-reactor methods were used. Determination of 
the coke residue by thermogravimetric analysis gave similar estimates of coke yield to 
the micro-carbon residue [ASTM-D4530]. Low severity reaction tests were carried out 
at 430°C in batch mode using 20 minutes of reaction time for thermal cracking and 1 
hour for hydroconversion under hydrogen pressure of 13.7 MPa and a molybdenum 
dispersed catalyst. Reaction conversion and liquid yields were analyzed in terms of 
the SARA analysis and properties of the feed fractions and whole vacuum residues. 
Yields of distillates from thermal cracking (<524°C) were relatively low, with a maximum 
of 34% w/w for the 603-645 °C molecular distillation fraction. Conversion of vacuum 
residue and yield of coke correlated most strongly with asphaltene content. Thermal 
conversion increased with asphaltene content due to higher coke yield. The extent of 
hydroconversion decreased with asphaltene content.
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Figure 1. Dependence of conversion and coke yield on C5-asphaltene content. 
(HC Conversion is from hydroconversion with H2 and molybdenum catalyst).
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