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 Introduction

The process of taking environmental, social, and governance (ESG) factors into account
when making investment decisions in the financial sector, which results in longer-term
investments in sustainable economic activities and projects, is referred to as
sustainable finance (World Bank, 2021). Environmental factors include pollution, water
use, greenhouse gas emissions, and biodiversity loss. Additionally, labour relations,
equality, human rights, worker safety, and health are social factors. Shareholder rights,
corporate governance, transparency, management compensation, and board
independence are the final governance components. Sustainable finance differs from
conventional financing because of these ESG factors. Sustainable finance also offers
significant economic and social benefits, which is why it keeps gaining acceptance.
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In the twenty-first century, agriculture faces a number of challenges, including a growth in food demand caused by an
expanding population and changing dietary habits, the depletion of natural resources and biodiversity, and a levelling off
of crop yields. The effects of climate change also provide new difficulties for agriculture. While severe weather events
linked to climate change can be catastrophic for farmers, crops, and lands, rapid climate change may cut food yields by
more than 25%. It will take a significant rise in the amount of cash available for sustainable agricultural investments
before the agricultural sector can be transformed and productivity can be raised. In order to address the current issues
facing the agriculture sector, sustained finance is therefore very necessary.

In order to boost agricultural productivity, sustainable finance will be crucial. In order to maximise overall societal
returns while taking into account financial and non-financial hazards, the concept of "sustainable finance" in agriculture
seeks to provide financial tools and market mechanisms (Campos, 2021). Commercial and cooperative banks, credit
guarantee organisations, credit unions, public banks, leasing companies, farm input suppliers and cooperatives, and
microcredit organisations are the main principal providers of finance to the agricultural industry. The primary
agricultural problems—food scarcity, crop collapse, a lack of agricultural reforms, shoddy irrigation systems, and climatic
changes—highlight the need for better government efficiency, openness, regulations, and governance.

Sustainable finance will guarantee that agriculture provides more food to feed a growing global population, support
international development, and end poverty in many developing countries. According to Khan et al. (2022), new green
legislation, community-based green funds, green banks, green bonds, and Fintech are some of the ways that green
initiatives can aid in the achievement of sustainable development goals.



·Sustainable finance fosters agricultural productivity.
·How do banking and financial products support
sustainability in Agribusiness?
·How can better socio-economic factors improve
agricultural productivity?
·What is the role of governance in the agricultural
sector?
Can sustainable financing work in agriculture?
·Sustainable financing and agricultural growth in
emerging economies.
·Are emerging countries ready to embrace
sustainable financing for better productivity? 
·Key governance challenges for implementing the
sustainable finance roadmap.
·Does the growing sustainable finance trend
intensify the trade-off between environmental
protection and economic development?

 Additionally, according to Sachs et al. (2019), expanding
finance can boost industry productivity while also
having a positive impact on the environment. This type
of financing is known as "green finance."

Sustainable finance includes green financing as a
subset. The phrase "sustainable finance" best
encompasses all funding initiatives that promote
sustainability. Sustainable finance also includes social,
environmental, and governance factors. On the other
hand, green finance considers environmental financing
but disregards social and economic factors (Brenya et
al., 2022; Lee & Lee, 2022). 

The relationship between green finance and economic
growth, the environment, and energy efficiency has
been the subject of numerous studies (Ma, 2022; Yin &
Xu, 2022; Ning et al., 2022; Ngo et al., 2021); however,
there is a dearth of empirical research that
quantitatively examines this relationship (Tran, 2021;
Zhou et al., 2020; Huang & Chen, 2022)

Therefore, this special issue welcomes research that
expressly focuses on the most general term, namely
sustainable finance, as well as the assessment of how
sustainable finance might help increase agricultural
output. 

Topics and themes

·Areas of interest include, but are not limited to, the
following topics:

·How can environmental, social, and governance risks be
minimized for better allocation of sustainable finance?
·How can farmers take maximum benefits from
sustainable financing?
·Is sustainable finance the future of the agriculture sector?
·Increasing challenges in the agricultural sector can be
tackled with the help of sustainable finance.

Key dates
Opening date for manuscript submissions: 1 February 2023
Closing date for manuscript submissions: 1 July 2023
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f r o m  A n i m a t i o n ,  A r c h i t e c t u r e  &  B u i l t  E n v i r o n m e n t ,
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e x p r e s s  h o w  t h e y  f e e l  a b o u t  t h e  c u l t u r e ,  t h e
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Dr Omkar Dastane is the Head of Program (MBAs) and an Assistant Professor in the
Graduate Business School at UCSI University, Malaysia. Dr Omkar has published SEVEN
journal articles based on bibliometric analysis (Scopus/WOS) so far in 2023 which are
available at: 
https://scholar.google.com/citations?user=7ScOVFMAAAAJ&hl=en&oi=ao. 

Dr Omkar was invited to conduct trainings on bibliometric and other techniques at several
universities including Universiti Kebangsaan Malaysia, Asia e-University, Malaysia, and
NEST Academy, UAE. 

A s s i s t a n t  P r o f e s s o r  
D r  O m k a r  D a s t a n e

I n t r o d u c t i o n

I n  r e c e n t  y e a r s ,  b i b l i o m e t r i c  a n a l y s i s  h a s  b e c o m e  i n c r e d i b l y  p o p u l a r  i n  b u s i n e s s
r e s e a r c h .  I n  j u s t  o n e  y e a r  i n  2 0 2 0 ,  1 9 5 0  b i b l i o m e t r i c  a n a l y s i s - b a s e d  a r t i c l e s  w e r e
i n d e x e d  i n  t h e  S c o p u s  d a t a b a s e .  

P r e m i e r  b u s i n e s s  j o u r n a l s  l i s t e d  b y  t h e  F i n a n c i a l  T i m e s  ( 2 0 1 6 ;  F T 5 0 )  h a v e  a l s o
p u b l i s h e d  b i b l i o m e t r i c  r e s e a r c h ,  w i t h  R e s e a r c h  P o l i c y ,  t h e  J o u r n a l  o f  B u s i n e s s  E t h i c s ,
t h e  A c a d e m y  o f  M a n a g e m e n t  J o u r n a l ,  a n d  t h e  S t r a t e g i c  M a n a g e m e n t  J o u r n a l  p u b l i s h i n g
t h e  h i g h e s t  n u m b e r s  o f  a r t i c l e s  a m o n g  t h e  j o u r n a l s  i n  t h e  l i s t .  

A s  a  r e s e a r c h e r ,  i t  i s  v i t a l  t o  a p p r e c i a t e  t h e  v a l u e  o f  b i b l i o m e t r i c  d a t a  a n d  u t i l i s e  t h e
s a m e  f o r  e n h a n c i n g  t h e  q u a l i t y  a s  w e l l  a s  q u a n t i t y  o f  r e s e a r c h  o u t p u t .  F o r  a  n u m b e r  o f
r e a s o n s ,  b i b l i o m e t r i c  a n a l y s i s  i s  e s s e n t i a l  t o  a c a d e m i c  a n d  r e s e a r c h  e n d e a v o r s .  A
q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  o u t p u t ,  i m p a c t ,  a n d  t r e n d s  i n  r e s e a r c h  i s  p r o v i d e d
t h r o u g h  b i b l i o m e t r i c  a n a l y s i s .  I t  e n a b l e s  s c i e n t i s t s ,  o r g a n i s a t i o n s ,  a n d  f u n d i n g  b o d i e s
t o  a s s e s s  t h e  v o l u m e  a n d  c a l i b e r  o f  s c h o l a r l y  o u t p u t  i n  a  g i v e n  f i e l d  o r  b y  a  s i n g l e
s c i e n t i s t .  I t  a s s i s t s  i n  f i n d i n g  h i g h l y  c i t e d  p a p e r s ,  a n d  s i g n i f i c a n t  a u t h o r s ,  a n d
d e v e l o p i n g  s t u d y  f i e l d s  t h a t  m i g h t  h e l p  i n  d e c i s i o n - m a k i n g .  

T o  e v a l u a t e  t h e  r e s e a r c h  o u t p u t  o f  p e o p l e ,  o r g a n i s a t i o n s ,  a n d  n a t i o n s ,  b i b l i o m e t r i c
m e t r i c s  l i k e  c i t a t i o n  c o u n t s ,  h - i n d e x e s ,  a n d  j o u r n a l  i m p a c t  f a c t o r s  a r e  u t i l i s e d .  T h e s e
m e a s u r e m e n t s  o f f e r  i n s i g h t s  i n t o  p r o d u c t i v i t y ,  i n f l u e n c e ,  a n d  c o l l a b o r a t i o n  p a t t e r n s
w h i l e  e v a l u a t i n g  a n d  c o m p a r i n g  t h e  s c i e n t i f i c  o u t p u t  a c r o s s  v a r i o u s  e n t i t i e s .

T h e  b i b l i o m e t r i c  a n a l y s i s  a i d s  i n  i l l u s t r a t i n g  t h e  e v o l u t i o n  a n d  o r g a n i s a t i o n  o f  a  f i e l d ' s
b o d y  o f  k n o w l e d g e .  R e s e a r c h e r s  c a n  p i n p o i n t  t h e  i m p o r t a n t  c o n c e p t s ,  s i g n i f i c a n t
a u t h o r s ,  a n d  c o l l a b o r a t i v e  r e l a t i o n s h i p s  w i t h i n  a  d i s c i p l i n e  b y  l o o k i n g  a t  c i t a t i o n
n e t w o r k s ,  c o - a u t h o r s h i p  p a t t e r n s ,  a n d  k e y w o r d  c o - o c c u r r e n c e .  
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I t  a i d s  i n  l o c a t i n g  u n e x p l o r e d  a r e a s  o f  r e s e a r c h ,  k n o w l e d g e  g a p s ,  a n d  p r o s p e c t i v e
n e w  a r e a s  t o  e x p l o r e .  

T h e  b i b l i o m e t r i c  a n a l y s i s  a i d s  i n  l o c a t i n g  i m p o r t a n t  w o r k s  t h a t  h a v e  s i g n i f i c a n t l y
a d v a n c e d  a  t o p i c .  R e s e a r c h e r s  c a n  i d e n t i f y  k e y  s t u d i e s  o r  i m p o r t a n t  a r t i c l e s  t h a t
h a v e  i n f l u e n c e d  t h e  s c i e n t i f i c  l a n d s c a p e  b y  l o o k i n g  a t  c i t a t i o n  t r e n d s .

E v i d e n c e - b a s e d  i n s i g h t s  f o r  d e c i s i o n - m a k i n g  a n d  p o l i c y  d e v e l o p m e n t  a r e  p r o v i d e d
b y  b i b l i o m e t r i c  a n a l y s i s .  I t  a i d s  i n  a s s e s s i n g  t h e  r e s u l t s  o f  f i n a n c i n g  s c h e m e s ,
r e s e a r c h  r e g u l a t i o n s ,  a n d  s t r a t e g i c  p l a n s .  

P o l i c y m a k e r s  c a n  a l l o c a t e  r e s o u r c e s  w i s e l y ,  i d e n t i f y  a r e a s  f o r  i n v e s t m e n t ,  a n d
d e t e r m i n e  r e s e a r c h  p r i o r i t i e s  b y  l o o k i n g  a t  p u b l i s h i n g  t r e n d s  a n d  c o l l a b o r a t i o n s .  

B u i l d i n g  n e t w o r k s  a n d  l o c a t i n g  n e w  r e s e a r c h  p a r t n e r s  a r e  b o t h  a i d e d  b y
b i b l i o m e t r i c  a n a l y s i s .  R e s e a r c h e r s  c a n  f i n d  p e o p l e  o r  o r g a n i s a t i o n s  w i t h
c o m p a r a b l e  r e s e a r c h  i n t e r e s t s  a n d  e x p e r t i s e  b y  l o o k i n g  a t  c o - a u t h o r s h i p  t r e n d s
a n d  c o l l a b o r a t i o n  n e t w o r k s .  T h i s  m a k e s  i t  e a s i e r  t o  c o l l a b o r a t e  a c r o s s  d i s c i p l i n e s ,
e x c h a n g e  k n o w l e d g e ,  a n d  d e v e l o p  r e s e a r c h  n e t w o r k s .



A w a r d  s y n o p s i s

S u s t a i n a b l e  d e v e l o p m e n t  i s  a  g l o b a l  p r i o r i t y ,  i n  w h i c h
i n d u s t r i a l  w a s t e  m a n a g e m e n t ,  b y  m i n i m i z i n g  n e g a t i v e  i m p a c t
o n  e n v i r o n m e n t  a n d  n a t u r a l  r e s o u r c e s ,  i s  a  k e y  p a r t  o f  t h i s
e f f o r t .  

H i b i s c u s  c a n n a b i n u s  L .  ( k e n a f )  i s  o n e  o f  i n d u s t r i a l  c r o p s  i n
M a l a y s i a  t h a t  m a i n l y  c u l t i v a t e d  f o r  t h e  f i b r o u s  s t e m s  o n l y .
M e a n w h i l e ,  t h e  b y - p r o d u c t s  s u c h  a s  l e a v e s  a n d  s e e d s  a r e  o f t e n
d i s c a r d e d .  L e a v e s  c o n t a i n  h i g h  p h e n o l i c  c o m p o u n d s  w h i l e
s e e d s  c o n t a i n  h i g h  p r o p o r t i o n  o f  u n s a t u r a t e d  f a t t y  a c i d s .  

B o t h  c o u l d  b e  v a l u a b l e  s o u r c e s  o f  n u t r i e n t s  a n d  a n t i o x i d a n t s .  

T o  a d d r e s s  t h e  l o w  s t a b i l i t y  o f  t h e s e  v a l u a b l e  c o m p o n e n t s ,  a n
e n c a p s u l a t i o n  t e c h n o l o g y  c a l l e d  “ K e n a f  A c t i v e  D o u b l e
E m u l s i o n ”  h a s  b e e n  i n n o v a t e d  t o  e x p a n d  p o s s i b l e  a p p l i c a t i o n s
o f  t h e s e  b y - p r o d u c t s  a s  s u s t a i n a b l e  i n g r e d i e n t s  f o r  t h e  f o o d
i n d u s t r y .  

T A w a r d  C a t e g o r y

A g r i c u l t u r e ,  L i v e s t o c k  &  H o r t i c u l t u r e ,  A q u a c u l t u r e s  &  F i s h e r i e s

R e s e a r c h e r  ( s ) :

P r o f e s s o r  D r  N y a m  K a r  L i n  ( F a c u l t y  o f  A p p l i e d  S c i e n c e s ,  U C S I
U n i v e r s i t y )

M s  E l a i n e  ( F a c u l t y  o f  A p p l i e d  S c i e n c e s ,  U C S I  U n i v e r s i t y )

P r o f e s s o r  D r  T a n  C h i n  P i n g  ( F a c u l t y  o f  F o o d  T e c h n o l o g y ,  U P M )

D r  T a n  T a i  B o o n  ( F a c u l t y  o f  F o o d  T e c h n o l o g y ,  U P M )

A s s o c i a t e  P r o f e s s o r  D r  P u i  L i e w  P h i n g  ( F a c u l t y  o f  A p p l i e d  S c i e n c e s ,
U C S I  U n i v e r s i t y )
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 P r o f e s s o r  D r  N y a m  K a r  L i n
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M T E  2 0 2 3 -  G o l d  A w a r d
K e n a f  A c t i v e  D o u b l e  E m u l s i o n






M s  E l a i n e

https://www.ucsiuniversity.edu.my/dr-liew-siew-ling
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T h i s  i s  t h e  f i r s t  d o u b l e  e m u l s i o n  c a r r i e r
c o n t a i n i n g  k e n a f  i n  M a l a y s i a .  P r o f .  D r  N y a m  K a r
L i n ’ s  r e s e a r c h  t e a m  h a s  u t i l i z e d  n a n o t e c h n o l o g y
t o  f o r m u l a t e  a  d o u b l e  n a n o e m u l s i o n  w i t h
e n h a n c e d  a n t i o x i d a t i v e  p r o p e r t i e s .

 T h e y  h a v e  i n n o v a t e d  p h y s i c a l  s t a b i l i z e r s  t h a t  a r e
a b l e  t o  s t a b i l i z e  d o u b l e  e m u l s i o n  t h a t  c o n t a i n s
t w o  d i f f e r e n t  t y p e s  o f  k e n a f  b y - p r o d u c t s .  

T h e  e f f i c i e n c y  a n d  s a f e t y  o f  d o u b l e  e m u l s i o n
t e c h n o l o g y  h a v e  b e e n  e x p e r i m e n t a l l y  p r o v e n  t o
h a v e  a  g o o d  p h y s i c a l  s t a b i l i t y ,  a n t i o x i d a n t
p r o p e r t i e s ,  a n d  b e  s a f e  f o r  n o r m a l  h e a l t h y  c e l l s .  

T h i s  t e c h n o l o g y  c o u l d  h e l p  t o  i m p r o v e  t h e
s u s t a i n a b i l i t y  o f  k e n a f  p r o d u c t i o n  a n d  c r e a t e  n e w
v a l u e - a d d e d  p r o d u c t s .
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  T h e  D i s c o v e r y  o f  " B r i n e  P r o n g "  a n d  " O i l
V o r t e x "  E f f e c t s :  U n v e i l i n g  t h e  G i s t  o f  S m a r t

W a t e r  T e c h n o l o g y

Dr Vahid Khosravi currently holds the position of Post-Doctoral Research Fellow at the chemical

and petroleum department within the faculty of engineering, technology, and built environment
at UCSI University. His research focuses on a wide range of topics, including wettability alteration,
Smart Water technology, molecular dynamics simulation, surface complexity studies, predictive
models, artificial intelligence and machine learning, smart materials, and low-carbon technology. 

Dr Khosravi is actively involved in various professional organisations. He serves as a committee
member of the UCSI-Cheras Low Carbon Innovation Hub Research Consortium. Furthermore, he
is a member of the Malaysia Board of Technologists (MBOT) and the Institution of Engineering
and Technology (IET) of UK. 

In the recent years, Dr Khosravi has contributed significantly to the field through the publication
of remarkable papers in prestigious peer-reviewed journals. His research primarily focuses on
elucidating the wettability alteration mechanism and investigating surface complexity studies by
employing various methods such as experimental activities and simulation tools.

B a c k g r o u n d

A s  t h e  d r i v i n g  f o r c e  o f  p r i m a r y  d e p l e t i o n  d e c l i n e s ,  t h e  r e s e r v o i r  e n e r g y  c a n  b e  s u s t a i n e d
w i t h  e x t e r n a l  i n p u t s  i n  f o r m  o f  w a t e r  o r  g a s  i n j e c t i o n  [ 1 ] ,  a  p r o c e s s  r e f e r r e d  t o  a s
s e c o n d a r y  r e c o v e r y .  N o n e t h e l e s s ,  i n  t h e  c a s e  o f  u n f a v o r a b l e  r e s e r v o i r  c o n d i t i o n s ,  t h e
r e c o v e r y  p e r f o r m a n c e  c a n  d r o p  c o n s i d e r a b l y  t o  a s  l o w  a s  2 0 %  o f  O r i g i n a l  O i l - I n - P l a c e
( O O I P ) .  T h i s  c a n  b e  a t t r i b u t e d  t o  t h e  r e s e r v o i r  h e t e r o g e n e i t i e s  i n c l u d i n g  f r a c t u r e s ,
s i g n i f i c a n t  d i s p a r i t i e s  i n  p e r m e a b i l i t i e s  a c r o s s  h e t e r o l i t h i c  s t r a t a  o r  s e c t i o n s ,  p o o r
w e t t a b i l i t y  c o n d i t i o n s ,  h i g h  c a p i l l a r y  e n t r a p m e n t  o r  p o o r  s w e e p  e f f i c i e n c y  b y  t h e
i n j e c t e d  w a t e r  o r  g a s .  

T h u s ,  e n h a n c e d  o i l  r e c o v e r y  ( E O R )  h a s  b e c o m e  t h e  m o r e  a c k n o w l e d g e d  t e r m  i n  s c i e n t i f i c
c i r c l e s  [ 2 ] .  B a s e d  o n  s p e c i f i c  d r i v i n g  m e c h a n i s m s ,  E O R  p r o c e s s e s  a r e  f r e q u e n t l y
c a t e g o r i s e d  i n t o  f o u r  d i f f e r e n t  g r o u p s  a s  t h e  t h e r m a l  m e t h o d s ,  g a s  i n j e c t i o n ,  c h e m i c a l
f l o o d i n g  a n d  e m e r g i n g  p r o c e s s e s  [ 3 ] .  

T h e s e  p r o c e s s e s  t r i g g e r  c h e m i c a l ,  p h y s i c a l  a n d  b i o l o g i c a l  m e c h a n i s m s  i n  t h e  r e s e r v o i r  t o
f a c i l i t a t e  i n c r e m e n t  i n  o i l  r e c o v e r y  [ 4 ] .  A n  E O R  p r o c e s s  e n t a i l s  i n j e c t i n g  a  f l u i d  i n t o  a
r o c k - o i l  r e s e r v o i r  s y s t e m  t o  i n c r e a s e  o i l  m o b i l i t y  a n d  p r o d u c t i o n  b y  l o w e r i n g  I F T ,
i m p r o v i n g  o i l  s w e l l i n g ,  r e d u c i n g  o i l  v i s c o s i t y  a n d  m o d i f y i n g  w e t t a b i l i t y  [ 2 ,  5 ] .  B a s e d  o n
r e c e n t  s t u d i e s  [ 6 - 8 ] ,  a n  i n t e r e s t i n g  a p p r o a c h  t o  m o d i f y i n g  r o c k  w e t t a b i l i t y  b y  s i m p l y
a l t e r i n g  t h e  w a t e r  c o m p o s i t i o n  w a s  d e v e l o p e d ,  r e f e r r e d  t o  a s  “ S m a r t  W a t e r ”  t e c h n o l o g y .
T h e  t e c h n i q u e  a l t e r s  w e t t a b i l i t y  w i t h o u t  s i g n i f i c a n t l y  r e d u c i n g  t h e  e x i s t i n g  c a p i l l a r y
f o r c e s  [ 9 ] ,  w i t h  t h e  u l t i m a t e  o b j e c t i v e  o f  e n h a n c i n g  o i l  r e c o v e r y .  

S m a r t  W a t e r  i n j e c t i o n  i s  c o s t - e f f e c t i v e  a n d   h i g h l y  p r o f i t a b l e  b e c a u s e  i t  r e q u i r e s  n o
a d d i t i o n  o f  e x p e n s i v e  c h e m i c a l s  a n d  u t i l i s e s  p r o c e s s e d  f o r m a t i o n  w a t e r  o b t a i n e d  b y
r e l a t i v e l y  s i m p l e  f i l t r a t i o n  s y s t e m s .  

D r  V a h i d  K h o s r a v i  
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T h e  i m p o r t a n c e  o f  c o n d u c t i n g  t h i s  r e s e a r c h  

I n  t h e  r e c e n t  d e c a d e ,  d i s c u s s i o n  h a v e  b e e n  c o n t i n u e d  o n
t h e  c a u s e  o f  w e t t a b i l i t y  a l t e r a t i o n  m e c h a n i s m  d u r i n g  S m a r t
W a t e r  f l o o d i n g .  A l s o ,  d e t e r m i n i n g  t h e  e f f e c t i v e  r a n g e  o f
w a t e r  i o n i c  c o n c e n t r a t i o n  r e s u l t i n g  i n  a l t e r e d  w e t t a b i l i t y  h a s
e r u p t e d  t h e  a r g u m e n t a t i v e  d e b a t e s .  A l o n g  w i t h  t h i s ,  t h e r e  i s
s t i l l  a  r e q u i r e m e n t  t o  i d e n t i f y  t h e  i n - s i t u  w e t t a b i l i t y  c h a n g e
a n d  o p t i m u m  w a t e r  c o n c e n t r a t i o n .  T h e  g o a l  o f  t h i s  s t u d y  i s
t o  d e c i p h e r  t h e  r e a s o n  b e h i n d  w e t t a b i l i t y  c h a n g e s  a n d
d e t e r m i n i n g  t h e  e f f e c t i v e  a n d  o p t i m u m  o f  b r i n e  i o n i c
c o m p o s i t i o n  b y  i n t r o d u c i n g  a  n o v e l  a p p r o a c h  i n v o l v e s  b o t h
m o n o v a l e n t  ( N a + )  a n d  d i v a l e n t  ( C a 2 + )  i o n s .  

 F i g u r e  1 .  G r e a t e r  i m b i b i t i o n
i n  i n c r e a s i n g  s w e e p  e f f i c i e n c y
b y  S m a r t  W a t e r   a d o p t e d  f r o m
[ 1 0 ] .

M e t h o d o l o g y
A  s y s t e m a t i c  m e t h o d o l o g y  w a s  g e n e r a t e d .  A c c o r d i n g l y ,  a  f u l l  s e t  o f  c o n t a c t  a n g l e  a n d  I F T
m e a s u r e m e n t s  w e r e  c o n d u c t e d  b a s e d  o n  o n e - f a c t o r - a t - a - t i m e  ( O F A T )  a n d  d e s i g n  o f
e x p e r i m e n t s  ( D O E )  m e t h o d s .  B e s i d e s ,  m o l e c u l a r  d y n a m i c s  s i m u l a t i o n  w a s  e m p l o y e d  a s  a
p r a c t i c a l  t o o l  t o  d e c o d e  m o l e c u l a r  i n t e r a c t i o n s  i n  t h e  o i l / b r i n e / r o c k  s y s t e m  a n d  t h e
d o c u m e n t e d  m e c h a n i s m .  T h e  s t u d y  a c h i e v e d  i t s  f i n a l  g o a l  b y  a c c o m p l i s h i n g  f o r c e -
d i s p l a c e m e n t  e x p e r i m e n t s  o n  s a n d s t o n e .

C o n c l u s i o n
T h i s  r e s e a r c h  w a s  f o c u s e d  o n  s a n d s t o n e  a n d  r e s u l t e d  i n  p r o v i d i n g  t h r e e  n e w  p r e d i c t i v e
m o d e l s  t o  e s t i m a t e  c o n t a c t  a n g l e  a n d  I F T  b a s e d  o n  b r i n e  c o n c e n t r a t i o n  o r  s o l v a t i o n  f r e e
e n e r g i e s .  F u r t h e r m o r e ,  u s i n g  m o l e c u l a r  d y n a m i c s  m o d e l i n g ,  t h e  m e c h a n i s m s  i n v o l v e d  i n
c h a n g i n g  w e t t a b i l i t y  n a m e l y  “ b r i n e  P r o n g ”  a n d  “ o i l  V o r t e x ”  e f f e c t s  w e r e  d i s c o v e r e d  w h e r e
m o n o v a l e n t  a n d  d i v a l e n t  c a t i o n s  e x i s t  i n  t h e  w a t e r  c h e m i s t r y  s t r u c t u r e .  I t  s h o w e d  t h e
d o u b l e  a c t i v a t i o n  o f  m o n o v a l e n t  i o n s  c o m p a r e d  t o  d i v a l e n t  i o n s .  T h e  e f f e c t i v e  r a n g e s  o f
b r i n e  c o n c e n t r a t i o n s  f o r  c h a n g i n g  s a n d s t o n e  w e t t a b i l i t y  w e r e  d e t e r m i n e d  t o  b e  1 - 1 5  k p p m
f o r  N a C l  a n d  1 5 - 2 0  k p p m  f o r  C a C l 2 ,  w h i l e  8  k p p m  N a C l - 2 0  k p p m  C a C l 2  w a s  t h e  o p t i m a l
m i x t u r e  c o n c e n t r a t i o n  o f  b r i n e ,  w h i c h  r e s u l t e d  i n  a  3 . 6 3 %  i n c r e a s e  i n  u l t i m a t e  o i l
r e c o v e r y .  

T h e  o u t c o m e  o f  t h i s  s t u d y  w a s  r e c e n t l y  p u b l i s h e d  i n  j o u r n a l  o f  P e t r o l e u m  S c i e n c e  a n d
E n g i n e e r i n g  ( 2 0 2 2 ,  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . p e t r o l . 2 0 2 2 . 1 1 0 8 0 0 )  a n d  j o u r n a l  o f  C h e m i c a l
E n g i n e e r i n g  R e s e a r c h  a n d  D e s i g n  ( 2 0 2 3 ,  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . c h e r d . 2 0 2 3 . 0 5 . 0 5 6 ) .

F i g u r e  2 .  “ b r i n g  P r o n g ”  e f f e c t  a n d  “ o i l  V o r t e x ”
e f f e c t  r e s u l t  i n  w e t t a b i l i t y  a l t e r a t i o n ,
r e p r o d u c e d  f r o m  [ 1 1 ] .

F i g u r e  3 .  U l t i m a t e  o i l  r e c o v e r y
p e r c e n t a g e  o f  e x p e r i m e n t s  v s
s i m u l a t i o n .
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