AUGUST 2017

VOLUME 31 ISSUE 8
ENFUEM 31() 7701-8822 (2017)
155N QBB7-0624

flegistored In the U.S. Fatent and Trademark Office
© 2017 by the Amencan Chermecal Society

energ

Reviews

7701 DOI: 10.1021/acs.energyfuels.7b00353

Review on Surfactant Flooding: Phase Behavior, Retention, IFT, and Field Applications
Muhammad Shahzad Kamal, Ibnelwaleed A Hussein,* and Abdullah S. Sultan

721 DOIL: 10.1021/acs.energyfuels. 7601057

Zeolite Materials for Biomass Conversion to Biofuel
Carlo Perego,* Aldo Bosettl, Marco Ricci, and Roberto Millini

7734 DOL 10.1021/acs.energyfuels.7b01067

Factors and Mechanisms Governing Wettability Alteration by Chemically Tuned Waterflooding: A Review
Prakash Purswanl, Miral S. Tawfik, and Zuleima T. Karpyn®

Articles
Fossil Fuels

7746 DOL: 10.1021/acs energyfuels, 7b00389

Size Distribution and Fractal Characteristics of Coal Pores through Nuclear Magnetic Resonance Cryoporometry
Tingting Yin, Dameng Liu,* Yidong Caj, Yingfang Zhou, and Yanbin Yao

7758 DOI: 10.1021/acs energyfuels.7b00394

A Comprehensive Model Coupling Embedded Discrete Fractures, Multiple Interacting Continua, and Geomechanics in
Shale Gas Reservoirs with Multiscale Fractures
Kun Wang,* Hui Liu, lia Luo, Keliu Wu, and Zhangxin Chen

7777 DOL: 10,1021 /acs.energyfuels, 7b00455

Nanofluid Enhanced Oil Recovery Using Hydrophobically Associative Zwitterionic Polymer-Coated Silica Nanoparticles
Sang Koo Chol, Han Am Son, Hyun Tae Kim, and Jin Waong Kim*

< ACS Publications SA Enenty & Fueh, Vaume 31, taun &




7783 DO lO.l02|/a:s,energyfuels.7b00527
Size Distributions of Sulfur, Vanadium, and Nickel Compounds in Crude Oils, Residues, and Their Saturate, Aromatic, Resin,
and Asphaltene Fractions Determined by Gel Permeation Chromatography Inductively Coupled Plasma High-Resolution
Mass Spectrometry

German Gascon, Vicmary Vargas, Llinaber Feo, Olga Castellana, Jimy Castillo, Pierre Giustl, Socrates Acavedo,
Charles-Philippe Lienemann, and Brice Bouyssiere*

7789 DOI: 10.1021/acs.energyfuels 7600612

Conversion of the Organic Matter of Domanic Shale and Permian Bituminous Rocks in Hydrothermal Catalytic Processes
G, P. Kayukova, A. M. Mikhailova, D, A, Feoktistov, V, P. Morozoy, and A. V. Vakhin*

7800 o DOI: 10,1021/acs.energyfuels. 7000627

Application of the Advanced Distlilation Curve Method to the Comparison of Diesel Fuel Oxygenates: 2.5,7,10-
Tetraoxaundecane, 2,4,7,9-Tetraoxadecane, and Ethanol/Fatty Acid Methy! Ester Mixtures
Jessica L. Burger, Tara M. Lovestead, Mark LaFollette, and Thamas J. Bruno*

7809 DOl 10.1021/acs.energyfuels 7b00654

Comparison of Pheparation Methods for the Determination of Metals In Petroleum Fractions (1000 “F+) by Microwave
Plasma Atomic Emission Spectroscopy
Laura Pairier, Jenny Nelson,* Greg Gilleland, Steve Wall, Lidia Berhane, and Francisco Lopez-Linares*

7816 o DOI: 10.1021/acs.energyfuels. 7b00666

Inhibition of Tetrahydrofuran Hydrate Formation in the Presence of Polyol-Modified Glass Surfaces
Jeffrey R, Hall and Paul W. Baures*

7824 DOI: 10.1021/acs.energyfuels. 7600635

Magic Echo for Nuclear Magnetic Resonance Characterization of Shales
Zijian Jia, Lizhi Xiao,* Zhizhan Wang, Guangzhi Liao, Yan Zhang, Can Liang, and Lang Guo

7831 DOI: 10.1021/acs energyfuels. 7600692

Characterization of Emissions of Condensable Particulate Matter in Clinker Kilns Using a Dilution Sampling System
M. Cano,* F. Vega, B. Navarrete, A, Plumed, and J. A. Camino

7839 (<] DOI: 10.1021/acs.energyfuels.7b00776

Insights into the Impact of Temperature on the Wettability Alteration by Low Salinity in Carbonate Rocks
H. Mahani,* R. Menezes, S, Berg, A. Fadili, R, Nasralla, D. Voskav, and V., Joekar-Niasar

7854 DOI: 101021 /acs.energyfuels. 7600911

Pore Structure Characteristics of Marine- Continental Transitional Shale; A Case Study in the Qinshui Basin, China
Zhaedong Xi, Shuheng Tang,* Songhang Zhang, and Ke Sun

oA Inergy & Fushl, Vellime 31, houe 8

7867 DOl |
Deep Desulphurization Study of Liquid Fuels Using Acid Treated Activated Charcoal a5 o"ozvm"e'wamM
Syed Sikandar Shah,* Imtiaz Ahmad, Wagas Ahmad, Muhammad Ishaq, and Hizbullzh Khan

7874 s ] LOl; '0.102mee¢gm7boogez
Extension of the Analytical Window for Characterizing Aromatic Compounds in Oils Using a “mnmh Suite of High-

Resolution Mass Spectrometry Techniques and Double Bond Equivalence versus Carbon Number pjop
Yunju Cho, Justin E. Birdwell, Manhoi Hur, Joonhee Lee, Byunagjoo Kim, and Sunghwan Kim#*

7884 DO 10-'021/5(55"5%%990
Micro-Raman Spectroscopy Study of 32 Kinds of Chinese Coals: Second-Order Raman Spectrum and Jrs Correlations with
Coal Properties

Jun Xu, Hao Tang, Sheng Su,* Jlawei Liu, Hengda Han, Liangping Zhang, Kal Xu, Yi Wang, Song Hu, Yingbho-zm and
Jun Xiang*

7894 DOl 10.1021/acs energyfusls 7h009gs
Application of Guar Gum Dearading Bacteria In Microblal Remediation of Guar-Based Fracturing Fluid Damage
Xin Ma, Zhihui Wang, Qi'an Da, Mingming Cheng, Chuanjin Yao,* and Guanglun Lel* '

7904 DOI: 10,1 021/acs.energyfuels 7b01012

The Synerglstic Effect of Branched-Preformed Particle Gel and Hydrolyzed Polyacrylamide on Further-Enhanced Qil
Recovery after Polymer Flooding
Houjian Gong,* Hao Zhang, Long Xu,* Kangning Li. Long Yu, Qian San, Yajun Li, and Mingzhe Dong

791 DOI: 10.1021/acs.energyfuels.7b00956

High-Pressure Modeling of Asphaltene Precipitation during Oil Depletion Based on the Solid Mode|
Victor B. Regueira, Renan O, Soares, Anderson D. Souza, Gloria M, N. Costa, and Silvio A, B. Vieira de Melo*

7919 DOI 101021 /acs.energyfuels. 7601006

A New Extended Structural Parameter Set for Stochastic Molecular Reconstruction: Application to Asphaltenes
Celal Utku Deniz, Muzaffer Yasar,* and Michael T. Klein*

7932 (<]

Recovery of Multicomponent Shale Gas from Single Nanopaores
Haiyl Wu, Yadong He, and Rui Qiao*

DOI: 10.1021/acs.energyfuels.7b01013

7941 DOI: 10.1021/acs.enerayfuels.7b01070

Investigation on Blended Ash Fusibility Characteristics of Biomass and Coal with High Silica~Alumina
Xiuwei Ma, Fenghal Li,* Mingjie Ma, and Yitian Fang

7A Enevgs A Fuel, Vo 11, baue &



7952 DOI: 10.1021/acs.energyfuels. 7601084
Three-Dimensional Eulerian—Eulerian Simulation of Coal Combustion under Air A phere in a Circulating Fluldized Bed
Combustor

Ying Wu, Daoyin Liu* Jillang Ma, and Xiaoping Chen

7967 DO 10.1021/acs.energyfuels.7b01104
Can a Cubic Equation of State Mode! Bitumen—Solvent Phase Behavior?

K. A. Johnston, M. A. Satyro, 5. D. Taylor. and H. W, Yarranton*

7982 DO 10,1021 /acs.energyfuels.7b01105

Theoretical Approach To Model Gas Adsorption/Desorption and the Induced Coal Deformation and Permeability Change
Quanshu Zeng, Zhiming Wang,* Brian J. McPherson, and John D. McLennan

7995 DOI: 10.1021/acs.energyfuels.7b01132

Heavy Ol Hydrocracking on a Liquid Catalyst
F. ). Ortega Garcia* and E Mar Judrez
[

8001 DOl 10,1021/acs.energyfuels.7b01141

Effects of Ce0,, Zr0,, and Al,O; Supports on Iran Oxygen Carrler for Chemical Looping Hydrogen Generation
Shiwei Ma, Shiyi Chen, Ahsanullah Soomro, and Wenguo Xiang*

8014 DOL 10.1021/acs.energyfuels.7b01151

Effects of Typical Inorganics on the Emission Behavior of PM,, during Combustion of Ash-Removed Coals Loaded with
Sodium and Quartz
Chang Wen,* Wenyu Wang, Penghui Zhang, Xiangpeng Gao, Dunxi Yu, Changkang LI, and Minghou Xu*

8023 o DOI: 10.1021/acs,energyfuels 7601128

High-Pressure Thermal Decomposition of Tetrahydrotricyclopentadiene (THTCPD) and Binary High-Density Hydrocarbon
Fuels of JP-10/THTCPD in a Tubular Flowing Reactor
Xueke Jia, Baoman Guo, Baitang Jin, Xiangwen Zhang, Kai Jing, and Guozhu Liu*

8036 DOl 10,1021 /acs.energyfuels, 7b01163

Model for the Evolution of Pare Structure In a Lignite Particle during Pyrolysis. 2. Influence of Cross-Linking Reactions,
Molten Metaplast, and Molten Ash on Particle Surface Area
He Yang, Thomas H. Fletcher, Sufen Li, Haoquan Hu,* Lijun lin, and Yang Li

8045 DO, 10.1021/acs.energyfuels, 7b01167

Effect of Different Families of Hydrophobic Anlons of Imadazolium lonic Liquids on Asphaltene Dispersants In Heavy Crude
oil
Ayman M, Atta,* Abdelrhman O. Ezzat, Mahmood M. Abdullah, and Ahmed |, Hashem

84 Eergy & Fuek Velume 31, lsue 8

8054 DOI: 10,1021 /acs.energyfuels. 7b01174

Enhancement by SiC Nanoparticles of the Removal of Hydrogen Sulfide from Natural Gas by a Traditional Desulfurizer
Mengyu Ma and Changjun Zou*

8061 DOI: 10,1021/acs.energyfuels.7b01273

Eulerian Model To Predict Asphaltene Deposition Process in Turbulent Oil Transport Pipelines
Hadi Seyyedbagherl and Behruz Mirzayl*

8072 DOI: 10.1021/acs energyfuels.7b01327

Structure and Reactivity of Iranian Vacuum Residue and Its Eight Group-Fractions
Jinhong Zhang,* Yuanyu Tian,* Yingyun Qlao, Chache Yang, and Honghong Shan

8087 (5]

Removal of Hydrogen Sulfide in Simulated Coke Oven Gas with Low-Grade Iron Ore
Yuuki Mochizuki and Naoto Tsubouchi*

DOI: 10.1021/acs.energyfuels.7b01353

8095 o DOI: 10.1021/acs.energyfuels.7b01358

New Multiway Model for Identification of Crude Qil and Asphaltene Qrigin Based on Diffusion-Ordered Nuclear Magnetic
Resonance Spectroscopy
Jelena Parloy Vukovié,* Tomica Hrenar,* Predrag Novak,* Miha Friedrich, and Janez Plavec

8102 DOI: 10.1021/acs.energyfuels. 7001363

Experimental Study on Pyrolysis Characteristics of Ol Sludge with a Tube Furnace Reactor
Zhigiang Gong, Aixun Dy, Zhenbo Wang,* Pelwen Fang, and Xlaoyu LI

B109 DOI: 10.1021/acs.energyfuels. 7bD1382

Tetrahydrofuran Hydrate Crystal Growth Inhibition with Synergistic Mixtures: Insight into Gas Hydrate Inhibition
Mechanisms
Malcolm A. Kelland,* Ade Rahma Dyah Hartanti, Walter Gabrie| Zambrana Ruysschaert, and Henning Blomfeldt Thorsen

8116 DOk 10.1021/acs.energyfuels.7b01116

Research on the Effect of Surfactants on the Blodesulfurization of Coal
Mengjun Zhang, Tingting Hu, Gaimei Ren, Zhenyu Zhu, and Yu Yang*

8120 DO 10,1021 /acs.energyfuels.7b01386
Effect of Different Phenolic Compounds on Perfarmance of Organically Cross-Linked Terpolymer Gel Systems at Extremely
High Temperatures

Daoyi Zhu,* Jirul Hou,® Xianxing Meng, Zigang Zheng, QI Wel, Yuguang Chen, and Baojun Bai*

9A £negr & Fueli, Voume 31, tssue 8




8131 DOI: 10.1021/acs.energyfuels. 7001458

Interfacial Areas in Athabasca Oil Sands
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Chemical Looping Hydrogen Generation Using Synthesized Hematite-Based Oxygen Carrier Comodified by Potassium and
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Song Han, Xiaoxia Li,* Fengguang Nie, Mo Zheng, Xiaolong Liu, and LI Guo
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Jingkai Zhao, Chunyan Zhang, Meifang Li, Sujing LI, Wei LL,* and Shihan Zhang*
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Factors Affecting CO,-EOR In Shale-Oil Reservoirs: Numerical Simulation Study and Pilot Tests
Dheiaa Alfarge,* Mingzhen Wei, and Baojun Bai
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Design of Polymeric Antiscalants Based on Functional Vinyl Monomers for (Fe, Mg) Silicates
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Effect of Poly Vinyl Caprolactam Concentration on the Dissociation Temperature for Methane Hydrates
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Optimization by Using Response Surface Methodology
Al Ameen A, Smita Mondal, Satyanarayana Murty Pudi, Nitin Naresh Pandhare, and Prakash Biswas®
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Macro- vs Microcrystalline Wax: Interplay of Evaporation and Decomposition under Pressure Variation
Nikita V. Muravyev,* Kanstantin A. Manogarov, Dmitry Prokopyev, Anatoly A. Bragin, Luciano Galfetti, Luigi T. DeLuca, and
Alla N, Pivkina
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Lingli Shi, Xiaodong Shen, Jiaxiang Ding, and Deglng Llang*
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Reaction Kinetic Characteristics and Model of Methane Hydrate Formation in Porous Media
Liang Zhang,* Sudan Xu, Xin Li, Yin Zhang, Ruohan Yang, Qian Ouyang, and Shaoran Ren
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Shu-Yan Cheng, Zhi-Hua Gao, Jia-Wel Kou, Yan Liu, and Wei Huang*
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Xiaalong Tang. Jingying Li, Honghong Yi,* Qingjun Yu, Fengyu Gao, Runcao Zhang, Chenlu L, and Chao Chu
Combustion
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Akhilendra Pratap Singh, Ayush Jain, and Avinash Kumar Agarwal*
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Effects of Oxygen Concentration on Radiation-Aided and Self-sustained Smoldering Combustion of Radiata Pine
Houzhi Wang,* Philip J, van Eyk, Paul R, Medwell, Cristian H. Birzer, Zhao F. Tian, and Malcolm Possel|
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Modeling Combustion of Ammonia/Hydrogen Fuel Blends under Gas Turbine Conditions
Hua Xiao,* Agustin Valera-Medina, and Philip J. Bowen
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Shibao Yuan,* Halyan Jlang, Boyi Wang, and Junfeng Li
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Xiangrui Niu, Shaoging Guo,* Libing Gao, Yanzhl Cao, and Xian-Xlan We|
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Review on Surfactant Flooding: Phase Behavior, Retention, IFT, and
Field Applications
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ABSTRACT: Surfactant flooding ix an important technigue used in enhanced oil recovery to reduce the amount of oil in pore
space of mataix rock, Surfactants are injected to mobilize residual oil by lowering the interfacial tension between oil and water
and/or by the wettability alteration from oll-wet to waterwet. A large number of cationic, anionic, non-ionic, and amphoteric
surfactants have been investigated on a lab y scale under different conditions of temperature and salinlty. Selection of the
appropriate surfactant i a challenging task, and surfactants have to be evaluated by a series of screening techniques. Different
types of surfactants along with thelr limitations are reviewed with particular emphasis on the phase behavior, adsorption,
interfacial tension, and structure—property relationship. Factors affecting the phase behavior, interfacial tension, and wettability

I are also di 4 Fleld applications of surfactants for chemical enhanced oil recovery in carbonate and sandstone
reservoirs are also reviewed. Finally, some recent trends and future challenges in surfactant enhanced oil recovery are outlined,
Field studies show that most of the surfactant flooding has been conducted in low-temperature and low-salinity sandstone

reservoirs, However, high
flooding.

e and highesilinity carbonate reservoirs are still challenging for implementation of surfactant

1. INTRODUCTION

OIl has been the most important and significant source of
energy so far, and It will contribute significantly in meeting the
future energy demand as well.' Thus, it is necessary to enhance
the current production level in the next few decades, which can
be achieved by either discovering new fields or increasing the
production from existing oll fields. Only about one-third of the
oil present In i reservolr can be recovered using primary and
secondary recovery techniques.’™ Oil is initially recovered
f")l'“ & reservour \L\illg dl! illhl‘(ﬂ“ pressurce of the reservoir
(primary recovery). After the dissfpation of the initial pressure,
oll is recovered hy applying external pressure using

fluid (water), which improves the oil/water mobility ratio." '
On the other hand, microscopic efficiency is related to the
displacement of oil at the pore scale. It 18 not possible to
displace all the oll thit comes into contact with water during
water flooding, due to trapping of oil by capillary forces. The
relationship between the capillary forces and the viscous forces
results in a di lonless capillary (pv/y cos 0), where
g is the viscosity of the agqueous phase, v is the velocity, 7 is the
interfacial tension between oil and water, and @ is the contact
angle**** Microscopic efficiency can be improved by
decreasing the caplllary forces and the oll/water interfacial

Capillary ber is closely related to oll recovery and

injection inta the reservoir (secondary recovery). Enhanced oil
recovery (EOR) or tertiary recovery techniques are used to
recover the remaining oil which cannot be recovered using
water flooding® Although chemical EOR (¢EOR) Is one of the
most promising methods avallable to recover residual und
remaining oil, it was not very commaonly employed in the past
due to low il prices and the high cost of chemicals. However,
continuous rise in oil prices and the growing demand for oil
have encouraged researchers to determine economical and low-
cast cEOR technology to recover the maxdimum amount of the
remaining oil.

In cEOR, a range of chemicals such as surfactanty, polymers,
and/or alkalis are used to increase the microscopic efficiency
(displacement efficiency) and the macroscopic efficiency
(volumetric sweep efficiency)”™" Macroscopic efficiency is
related to the effectiveness of the displacing fluid in sweeping
out the reservoir volume both arcally and vertically as well as
moving the ail toward the production well'” Macroscopic
efficiency can be increased using mobility control methods,
Polymers are used to increase the viscosity of the displacing

vﬂ" ACS Publications 2017 Amekan Chemiw Saciety

idual il (oll jon 15 the fraction of
oil within the pore volume) and is in the range of 10~ ta 107"
for typical brine flooding, Increasing the capillary number to
between 107 and 107" reduces the oil saturation to 90%,” and
residual oil saturation approaches zero if the capillary number
raches 10727 In order to reach this value, the interfacial
tenston (IFT) should be decreased from an initial value of 20—
30 mN/m to values in the range of 107* to 107> which is
achieved through the use of surfactants during flooding with
brine. """ Surfactants also infl the of residual oil
recovered via other mechanisms, including ulsification
of trapped residual oil, changing the wettability of rock, and
improving the interfacial rheological properties®*™ Here
wettability is defined as "the tendency of one fluid to adhere to
a solid surface in the presence of another immiscible fluid”.
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