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Abstract

Research Subject: Nowadays, application of biosurfactants in microbial enhanced oil
recovery (MEOR) have aroused much attention and several investigations have been
conducted on this field. But their performance in comparison to synthetic surfactants
in enhanced oil recovery has little been studied. Most of these researches are limited to
comparison of one produced biosurfactant with only a chemical surfactant. To fill this
gap, in this research, the potential use of a rhamnolipid type biosurfactant in MEOR
was compared to several conventional synthesized surfactants: SDS, SDBS, CTAB and
Keywords DTAB.

Research Approach: Since the main goal of this research is the comparison between pro-
duced biosurfactant and conventional chemical surfactants in oil recovery, several flood-

IE . ing tests were conducted and involved mechanisms were investigated. All of tests were
nhanced oil recovery . . . . - . "
conducted in an oil wet glass micromodel saturated with heavy oil at ambient condition.
Surfactants Injected soluti d at critical micell tration of surfactants. During th
osurfactants njected solutions were prepared at critical micelle concentration of surfactants. During the
Biosurfac flooding tests, high quality pictures were taken with a camera connected to the computer to
Rhamnolipid

monitor the motion of injected solution in the micromodel.

Main Results: 40% oil recovery was achieved after biosurfactant flooding while SDBS,
SDS, CTAB and DTAB resulted 36%, 34%, 32% and 29% oil recovery, respectively. For
mechanistic study, the surface tension (ST) and viscosity measurements were performed
and contact angle was determined. The surface tension reduction, wettability alteration
towards more water-wet condition and increasing the ratio of injected fluid viscosity to
oil viscosity were dominant mechanisms. The rhamnolipid was more effective than other
surfactants in reduction of surface tension and altering the wettability towards favorable
water-wet conditions. It decreased the surface tension of water from 72 to 28 mN/m,
which was the least comparing to other surfactants and increased the capillary number
about 19.4 times greater than in water flooding. Additionally, it changed the contact an-
gle from 106 to 6, 94.3%, the widest change among applied surfactants.

Surface tension

*To whom correspondence should be addressed:
lajafari@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-22109-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-08-04 ]

o g3 (i § (b J1ad 00lo & Shos duwslio
Jshio (oo JUab 10 g (uud ! 3)
o) cwld g 00831 40 (SDBS g CTAB: DTAB: SDS)

*olikate 513 g0 (5 gw g8 oo e (G a5, F o r:lﬁ Jom
b‘)ﬂ‘ cg’)‘)@' cu»JJA C,.:JJ? QK.:J‘J ‘w.iv k;w.,\l«.a B IS il *

O3bsee Sl 5 alsilaies 55 mele v JLab slso 5laslan ol 3550 55 (ol 5 lalllae ol OUILL 55
L;:_m_u'dxk_.udl.«.’eﬂ_,_a:J_i.l.‘..pA_W”LS.»b_,.a,;évu‘QLi:ﬁ;JQ}_:SU&J}EQ_MhJ._&vL?J\@LZ
dl_ajobl_nQﬂjﬂwdwabbbjﬁk&ww&ubwdw‘&;QJH&WJ
£35S G ol 53 W el ol ol iy ol 5o il Slllas 5 05y ot e
A ey Sl S5 Km0 G5 L b It ol s

3 e JLsd oo ¢ e G2 e 3 HAKS 15055 51 liga 3o 5 45 oS Ly
Jgdomn G A3 S 53 T 53 OF (Il 5 As Ll 5 (3lalitor 5 (s yaly
(s o s obals ;3 ) DTAB , SDS. SDBS. CTAB e oo JUss 315 J s oo ol 1ot s s5le 1]
A sl ) S S s (6l i ol 3 A esli el Jiies S g sla O 5ejl 5o
s s e S (5SSl Opa3l Sl dd e o Sl sl 53 g0 s
A oalil dl§ o S s oS 2 Sl el sl OS] e

A3 8 Ol S L aslie 55 i il Olye il o G e oo S 3l e Sl enli
Syt by ls  Ole o iy a3k %YE 5 %Y Dt L 5 5 4 SDS s SDBS (sl
aolis j5 gy Shes YAmN/ma_gngJa_.ﬂJ:_iSJLALSL{‘_g.L:S_,:J_:?:S‘,;Ab._l._bl:uaL.a;il
o w33 Sl 3l S 5 s o sl ol e (Sl e b slee sl U
3 Shes e i %48 Vs VoSl bl ao sl i L i sl 4S g sba s el
YAY,0 YAYY L s 5 «s DTAB 5 CTAB. SDS. SDBS ..ils G35 oo Jsd sl s 53
(SLsmid et 5 s o S GalS A S 15 dm slmes; 52 ks YA %0MA
=Bl 3l s a5 e sl sdal sy gl il sy dul b oS ol sl 5l
3, Jasainy ol 3 e w JLsd sle L 5l 5 Sae ges s Hlsy st p i il a3 VL

JEOF IO CVRC FICS
b Jbs ool
3 g JUad oobo
S gial

(ol e Jgiammo

ajafari@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-22109-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-08-04 ]

) G JI=8 oole 3, Sdas duolde

Slos S Slalllas sl gladl 53 [Ve-A] das s
Sl s sy o JLsb sl e Slesli il 4w 5o
Py DYV loa s S oy, »o s e i,
Jlss osls d Losly o sl s Shas aslio 5550
SRS Sl Sl sl e 5o ol d b
Jﬂuﬂeuvwlo@m)w\wﬁojw
e dl sl U ooy b Jlad osle A lis
e o3 pmalr G Sy g L W] il pla s
el (st I L sl ol s, S s lis
A sl S5 5 Sl e i ) S G
3 Pseudomonas aeroginosa HAKO1 « s o 3l o J g
Ao s, Shae U OF acaglis 5 oot cnils sl a3
o=l emen ol sl sl s b o Jlad ol
Cals paloasl Al b s Sl s gl A sl
O 3, Shes s 53,5 o o3 aalllas 5,5 0 Cis
QTJ_}_?«.;..,»)'): Sdite SLedbl sdas Sl WSl 5 e

il ol cms

BRalo)T gy g Slgo ¥

oo VY

38 65 P N daes S 05,5 cv gk ¢l
el gl 5 sl 5 mdwdonS 5 oden OO e
Sl OES5T Ol ol el 1 5D Sl
osla ol (=55 dmys £AY 5,88 Jlais 5Y0 °Cslas 4o
)b d-aj};? u_" L 4._:.9) )154._: b‘j_ﬂ C)LM IS S

ol 0 4_‘:‘)\ \ JJJ._>-

2oyl old gy Y—Y

) oxdaw Jlad oslo gilutna 1—Y-Y

YO0 o 53 5 [VE] st CiS Lo 5 a5
5 OPRES W- 2SN FY GO SN Y BT I S WP S
St Sl o 0353 (ol s Jpdoe 55, i
V0 Ol cods s Vorrrpm o o °C los Gladlsse
O 31 JoolS ssbay (s Sen pr 5 03 51,5 il

Y\ J..:Lv—6.96«44‘6=ﬁjl§6h&u)};gslc.:)&b;&n)}é_g.b«li‘}d

Aondo |
el s 5y S ok O3l 05 2o s o
DB a3 S S O3 Sl o Sl
G Ol Jladyl o pal b s o wlas S
35 ks Ao 3 0 spd = LL O ks S
ol A Bl s gla g Sl eslaul Ly oS 50l
PR | o) | [ WP WV Y R I W W | S
Sheslaul cods oils Al 53 s sla s
Slestaal sl ol Gy 3 L omul b JLa 5l 5
el Ol Ol o Al b ol oS el 550
Sl a4z 5b el bk 03l 0505 51 6
Sl Shestel Lo i 05l Sl dls sl
et A5 ol e 5o s sl s Sl e
33 s 3 e Jl sl Sleslaal ol O3k
il e S S e e 5 e o O
o S Ll pled (el JLd sl e ilen sl 5
Camed [A-8] s 5 SOT s SO s cngnol
o bl il s Y e S5 5 S
RUSUIUY [ WG S WL ) SV W USRS -V VU B
Al el (D pdn S WS o e s T s
Gt Ay A3l L, S s 5 Sl
3 il a5 a5 G LB S e VU
Aile) e C s Ll s s VU (8L s
e JLd sl gLle 5l (Jme (VUL (5552 5 Lo
ol gl s b b sl s
Se L aslin 53 3lgme ol e Sl o bl I
gt 2 03 5 Sl S gl d e Jl
Sl B 5 dy o ot 508 ol Ve iy Ol ]
S eS Mde (b ALS alS Ol ST
Al b 3l 5l e L SIS el o 5Y La 0
3 Gaml)) A3 s 5l aS Ld o o gmime e
L O P e R
Sl e i IS o (el I
05,5 48 el el ey Juld S 5 o
sl cmale d gl a OF s Al S Sy S



https://arcpe.modares.ac.ir/article-38-22109-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-08-04 ]

e Gy G JIs8 ool 0)Slas duslde

il 53 eslital 350 o Jlab sl e lasiine ) Jgds

Table 1. Properties of rhamnolipid and surfactants used in this research

) ) Cetyl trimethyl Dodecyl trimethyl
Sodium Sodium Dodecyl  gmmonium ammonium
Surfactant .
Type Rhamnolipid Dodecyl Benzene bromide bromide
P Sulfate Sulfonate

Abbreviation - SDS SDBS CTAB DTAB

Company - Merck Sigma-Aldrich Merck Sigma-Aldrich
CMC (mg/L) 120 2364 656 380 3390
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Fig . 1 Schematic of used setup for micromodel flooding tests
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Fig. 2 a) FTIR spectrum profile of produced rhamnolipid by seudomonas aeruginosa HAKO1. b ) The effect of
salinity on the stability of rhamnolipid.
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Table 2. oil recovery factor and breakthrough (BT) time of flooding tests

Solution

Distilled Water DTAB CTAB SDS SDBS Rhamnolipid

BT time (PV") 0.18
BT time (minute) 51
Oil recovery @ BT time 16
Final Oil recovery 16

0.32 033 038 038 0.37
84 87 100 100 98
28 30 32 34 36
29 32 34 36 40
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Table 3. Results of contact angle measurements, viscosity and IFT tests of injected solutions

Solution

Rhamnolipid SDBS SDS CTAB DTAB

Initial contact angle

Final contact angle

contact angle variation (%)
Viscosity (cp)

Viscosity variation (%)

Surface Tension (ST) (mN/m)

ST variation (mN/m)

Interfacial Tension (IFT) (mN/m)
IFT variation (mN/m)

Capillary number(*10")

Injected surfactant Capillary number
to Injected water Capillary number

106 110 113 108 112

8 9 12 15
94.3 9277 92.0 889 86.6
1.8 22 2.0 2.2 1.9
80 120 100 120 90
28 30 33 34 35
61.1 583 542 528 51.4
252 349 382 393 4.12
90.7 869 859 855 84.8
3.81 337 280 299 2.46

19.36 17.08 14.19 15.17 125
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