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Study on Enhanced Oil Recovery Using Silica Nanoparticles

and Zwitterionic Surfactants in Brine
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Abstract : This study reports a colloidal dispersions by complex layer consist of silica nanoparticles, anionic
polymer and zwitterionic surfactant. Coreflooding experiments were performed with colloidal dispersions to
evaluate the oil recovery from Berea sandstone. The colloidal dispersions showed stable phase behavior in 3 wt%
NaCl brine having weakened electrostatic repulsion. This stable behavior is because the electrostatic attraction
did not increase, owing to the use of zwitterionic surfactant including both cationic ion and anionic ion. The
size of particles in dispersions is less than 100 nm without aggregation. Thus, since these colloid dispersions
could make stable fluidity as well as the reduction of interfacial tension in a sandstone containing brine, oil
recovery could be increased.

Key words : Enhanced oil recovery, Silica nanoparticles, Anionic polymer, Zwitterionic surfactant, Brine

: o] Ghol A Aepheg)a ol e Belnl/opyol ey AUTAAE Este] FRo= Hate

A5t Wi} Altol A ToiFYAPS B3 2.U|4RS HASATE AR B2o|= Hate 7|4

ghiteo] ghashs GEEANC 3 Wk ol et Qfol & B MGsHe AFiloled ARTAAS

71 714 Ql2lo] 7K ghot QPRA el AAES Lhepyon], $5lo] wHAlgle] 100 nm o] o)

U D s 0% Ushick Tl $08 ok Aelel rdoR s Audels
WHHE 5 Wl eQslrg FHhAZ S ek

20| : 48527, Aeshbed), Lol

o OfF
o 05

E9, Fdold AWLEAl, A+

M B L 9 9lo] ARsH= WA EHO R e 9A)7F G ),

IAFHT} A Afo]ofl A Lhe A7} EHEH(Wedge film)

A58k wofol| A Ui 7]4:9] ghg-ofl tigt 40| = JotEr, FHCRHE 2 Yo] golstA Eeld 4=

T It} E3], 11 2o A A-8-3]4=2%] Hokol| L 28 Rt} E§F Hendraningrat 3(2013)‘—_— L]-}::?JX]-
Hgals A7t 2ulks] XM= 31 It Zhang e ST A7 A 2 e E o, dAEEEY A

tlo

SIS Y TS AR RS o] 83E o) A

= A]._Q_o].__

prhetin Aol
2) ARAAAADTLY A fof 4 AL
*Corresponding Author(’3 )
E-mail; wmsung@hanyang.ac.kr

Address; Dept. of Natural Resources & Environmental ARSAAZ S2A)7) 3L, 0] 2 @ /B Aol A] 92| A7)

o gty 1§ A2 4= gtk

430t
LR gl o] ES AR ake Lzl

Engineering, Hanyang University, Seoul, Korea

498

%ﬂﬂﬂg@ﬂ*ﬂzag¢%ggiﬁ¢ﬂa@
f8553
ol He] -84 e Aolch el gl ez
Ak Qlapel e ) Astel 4581457

oZ- 1
YApet AHSGAE 7ot Agsh= ol Sl
Binks2} Rodrigues(2007a)=2-0]& Al 2]7} EHo]| ool



FepollA Aulzhhiegdztet ofgdoled AMBEAE ol 87 Afdleslol Bt a4 499

oM A2)7 RS AL Wk g A Q) o
= AT 4= S-S E9I5kI ) T3 Binks e} Rodrigues
(2007b)= TLE WAYUSZ Ve dRket AHg A4

o2& W7slol, AlephEne] Aviurt £ ool
2 e gzpol] ol AHBAAE F2AI7] 1L, o5 &
dE AWCRE AAA PRl EHS FF
Binks®@} Rodrigues &0l 4] Ag]7} 1Hol| S2HE Ad
B e S Roioh gl
& ABTE T FYAOR AUFRAE o &
9leo =wal Zo|}.

eSSl R Aefsh T whow o)
#He| EME Fojsh= Wio] 9low, olF flsiA
poly acrylic acid(PAA)Y poly styrene sulfonate(PSS) 7|
HO| ol EW7t 2 AMEE Stk Yang 5(2007)
e dR; o) Fol2 E2|HRI PAAE RolgdiS w &
2] WollA] RFe] A S ASA A 4= ke AE &
o5k om, PAAS] Q3 i A2|H YA = e S
Tpohe e Aol A R A2 B ke thieglahn
o} 109 712 o] 5] 715+ 21}elch Bagaria 5
(2013) PAA, PSS A/e] ol Zelu|58 B5ale
o] L&} s of] o153l wf, NaCl 8 wt%£} CaCl, 2
Wt%E -0t 1P E 2 E e YR AV S
S melch

Z| 2ol Yoon 5(2016)-> Aj7Felzte] AL dAet
Y& 25 ARSIt 2ol E2# ¢l PSS-co-MA
£ ARE-She] A]FFRE] EAMY A 7T A T Fol
AHE/JA| QI DTAB-E o83t AR HAaaisE 5
gk 4= QlSleh ol A7 YRy E 2w/ AE S 3 A 7t
S EAAE 0 UL 0P~ Aerell =P W, &=

T FUPS Wit 2 Uslego] 7S Bk 2
E'ib}Yoon o] = v‘i—e ‘:L SR oF2 2o A 4=
WGk AL e A O 2 4G ATFS 3 with
ERA O} Zﬂ‘zz o 8wt%_4 AE=E§H5-51aL It Oruwori
and Iliensikimama, 2010). o] 2|3t =R A S 20|=
AL Q17 A5 ko] o]8] & o] WALt 217
4 Sl RO AL AREolA] WA 1 5%
A4S ollZ317] ofe$m, B3 UolA] ThRao] F7leh
X Fkof R % 4 lch ofeigtol§ uj o] i
oA & P AR A TS Uetll= F20| & Ak
gt A7F RE=A] E Q. 8)r

o] A9 HAL HES T A= Fo] T
AslA] g A7 E| /AR A E 23t &
Ro|E FAMNS §IE11, o] & o]8-8te] Af3]eFRle
A9 &35 A8k Ul Sitk o] Hgk £4E& fi5ko], A
HAZ o Aej7t YA}, Sol2 E2mE g ==

olE FAtAoA M= T2 FFY ol AHS/IA
(cationic surfactant) 2} 9FAJ 0]- 24 AH A A|(zwitterionic
surfactant) & -8-3[| A A 2}2}2] BAN O] AFA 55 TS
ATt o] Aol A AREEE g ol/d A3 A7t Yoon
5(2016)0] ARE3E Fol 2 AHE/JA K TE G427 o A
A S Lolfed ol Aot st &
Z‘H FRo|l& Hof| A Frol2 E2|H e} ol A
A9 A é =5 2zt sigich 247 A s =
= 7“40 = A2 BATN O YA T AW g )
#do] gleng Fasith Fol Y H4
FREo|E AN I HARS FafA AL, &
o] 2/ AU Y] A= YA = 9fsfiA
275 AR =, io‘a ok HlEloF At R =
1) NaCl 3 wt%9] ¥, 2) |l A7HdAE 24X
4t 3) A Aot ‘?JZV%Ol% EovE = 84t
AR &4, 4) A ARzt YR B0l Eem/Y ol
24 AdggAE =FA fﬁ"—"‘, 5) A °“é°]
d ARGAE ST §AE 3]
E3) Ae)7lel), Lol Eajn, O/H |4 Awsrs
7} Y7 A58 4F R Aol A ofudt FRkE A W

H5k317 sk

H‘I
jg

o
ox fr

A2 2=

o] Aol A AR L= A= vl= Sigma-Aldrich ]
Ludox CL-X©o]t}. o] U= A}=22 nm 27| 2] A&]7}¢]
A2, ol 45 wt% &2 A AR 2 FF = ATk A27HY
9] FHS Alold Jo]& &= PSS-co-MA (Poly
4-styrenesulfonic acid-co-maleic acid sodium salt) & A&
5131, oFol-2 AHEAA| 2= DTAB(Dodecyltrimethy-
lammonium bromide)E, 95/d 0] 24 AHEAJA| 2= TPS
(3-(N, N-Dimethylmyristylammonio) propanesulfonate &
Z¥2}y ARGl o, o714 AHE/dA| A DTAB=
ol 7HA AL YA, TPS &= Fol 21t g0l FAl
of] &-8-5}1 )t} PSS-co-MAQFDTAB, TPS = R u| =
9] Sigma-Aldrich 2 5-&] Lul| 3}t

FolFYPATEE A8l AHEE SAAEE vl= Berea
Sandstone Petroleum Coreso]| A Fufjst 217 1.5 Q1] 9]
H| o} AFFO R 30 cm HO| & 5 G-5to] ARSIt H)
ot ARFe] F=E-220%, FikE= 140 mD o]tk A &F
2 QA& 25°Co| A 10 cP2] HES 7}x| = 2= Shinetsu
o] 291 AFEFIATL, AR TFOCIS NaCl-S 3 wit
= §aA7A AHgstetk

A3 A AsE



500

b

§_}.o]—

E20|= Riklo] =AY

Z$54>(deionize water)©f] 3 wt% NaClE &3] A] 7] 11, Al
2|7} 2K Ludox CL-X)Z 0.5 wt% 2] 5= & BAA| Zich
o] g-oHo]| 0.5 wi% 2] 2-0] & E2|u|(PSS-co-MA)= A7}
3+ 3, u]=t Stacey Cochiara 2] A4 mHE7 & 0]-8351¢] 800
rpmol A SELFEFPAI ek vhA|uko 2 §olo] DTAB(.1
Wi%) T TPS(0.15 wi%) 2 Z}2F A7k A4 ok 2 o]
8-3}01 800 rpm ol A} E-4FAIX] ], 1= Branson &] 231}
WHF|E 0]85}0] 3000 rpmof| A 257t G088 HALA|A
T Z22(DTAB 39, TPS 31-3) 0] & 0]= HALS 7%

ahgct.

Z2o0j= Billo] SMEA

Qo o] BRolS Hatalo] Hits
1 12 DTAB-E &3-3F 24l 7} TPS & gt HAkl
Z¥Z} 13 8kaL, 10 ml & vho]Yrof] Hatsto] AJH7g wlof wh
2} FAtel o] AR A4S #EsGITh 3 PSS-co-MA,
DTAB, TPS7} -4tel ol 4] 77|12 FAlol v x| = ¢
2 gRlsk7] Yo 449 FErste] g A NS
u|= Malvern2] nano ZS-90-&- 0]-83}0] 43l oH, =
Z3FArH(dynamic light scattering, DLS){-& ©]-&35}o]
DTAB} TPS & 3Hgh ZF R 0| & Ao A 4AH9] =7]
HXEE SASHo] v o g2, FRo|E gAkdo] .9/
= AlHolA B Gk v A=A B4 QA AW
HS A 94l Biolin Scientific2] Theta tensionmeter<: 0]
gafo] 25°Col 4 = 4atgct.

oo
)]

-

(

O oL
b

i
rﬁzm{m

o

o

=
10159 472 915 A2 = 11 Teledyne ISCOS 4]
24 WL}, vl TEMCOS] %217], 9 Young-sung
Tech®] Toj ]2 TAHLHFig. 1). ZolErioli= 2|
of Algfe] FElo] glom, /]oh FYHIL 0l B
o2 QAso] gk A8 7] 20& 2457] S13) Wl

Pressure
Sensor

@3 Core holder {@

Pressure
Sensor

Accumulator

Water I Colloidal
dispersions

Syringe
pump

Collector

Fig. 1. A schematic diagram of coreflooding experimental
apparatus(modifed from Yoon et al., 2016).
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Fig. 2. Phase behavior of colloidal dispersions containing (A,
A’) cationic surfactant and (B, B’) zwitterionic surfactant in
brine (NaCl 3 wt%). (C) Precipitation rate with varying the
concentration ratio of [TPS]/[PSS-co-MA].



FepollA Aulzhhiegdztet ofgdoled AMBEAE ol 87 Afdleslol Bt a4 501

= UER 7] Al S H(Fig. 2A9] d), 124171 23t Sof =
TR L Plel vl el Aol &
e BelekickFig. 24°9] d). oleie B4
120] ©I3F 27|20 ¥ele] g9} DTARC] ABH %
71E A 714 Qg 9] 3k | Eel Ao g Holth 20|
/e olA] Qv S-S o] 24 = ST HA AL
o] = I8} H7]01539] FAFHE Heh= Debye 40|
= st Hof dRkel YA whdkeo] hastA |
CHBrant ef al, 2005). o]&3t AlejollA Ag]7}AAI}
PSS-co-MA ]| vt o]-&(counterion)S 7}X|= DTABE
oA =, e 42714 Qg ojsf AejrtiRE
o ATABAL A2 BABt] FH5HA A
Apo] WA Uk 4 9 o.m, o] ejgt Ak o] WAl
1S 702 ol AETHFig. 3A).

o] o= Folst F o] = HARNNaCl 3 wt%, 0.5 wi% 4]
2714A, 0.5 wt% PSS-co-MA-S $RG5= HALH) of] ofo |2
AREAAZE o 2ol AREAARLTPS0.13 Wit
S37he GoA 7S U] AL BASIGICKFig 2B ).
1 73}, DTAB®] 9.9} oz 07 79 A7} Fojw oF
Aol BARS §-A]5}% th(Fig. 2B’ 2] h). o3t ¢HA &
AFO] A = o] iz ol H= DTAB K= th=A|
PS=Fol23 ol & BT FStE R S0 25 7HA]
= A7HIRETe AA714 Qe Ahgof & FE
A 2471 Uﬂfc’ﬂ YA} S-3o] HAYEA] ehal YA
Y7eE A FAIsHAA A Q1 ‘Ao o] R A o
2 OQ]APEIE](Flg 3B).

AR & 0 2 PSS-co-MA, DTAB, TPS7} A7) 4 EAF
o AAwZt FEFE MIA=XE &Ist] ko] 2429 &
L stof whE AlER $15 S 5H3ich W A], NaCl 3 wt%
H2F0.5 wt% A 2]7HIA7 L AR -8-Hofl PSS-co-MA
20.1-0.7 wi% W0l A Fojaiial e ) WslE &

o2 o=

._]

Aggregatlon Dlsperslon
Anlamc Ca"°"“¢ Anionic  zyitterionic

polymer surfactant  polymer  grfactant

Hydrophilic
head

6\/\/\/\/\ Cationic surfactant
6\0/\/\/\/\/\ Zwitterionic surfactant

Fig. 3. Aggregation and dispersion of silica particle according to
the type of surfactant in brine.
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Fig. 4. (A) Zeta potential value of colloid dispersions with
varying the concentration of PSS-co-MA in brine (NaCl 3 wt%).
(B) Zeta potential value of colloid dispersions with varying the
concentration of TPS and DTAB in brine (NaCl 3 wt%).

As3E ASZE



502

b

:_],ol—

5 St A3}, TPSE AHE3S diofl= FR20lE AL
37]7}10-100 nm o] HYE H o1}, DTABE AFEHS
w o]l &= 1,000-10,000 nm 2] =72 Kol # o & vpehyt
tHFig. 5). Nelson(2009)0]] &]3}H th22] ARt A 75
2100-2,000 nm HH NN FFA7|1E /A= A2 &
HA 7] Wil o] 2|3t AFAEL- 1188 W, DTABS
ok ZRo|E Fatdlo] =2 o ARZ O F=¢
9ol F= HollA A Eo] YAEHA T
o BIEE FA8] A AL AT 4= qlck 1=
2 AR AFRZolAE ol AUEIAE T
Fohe ZRo|E BAtlS ARgsh= Zlo] Efgd Fo R
HEch

O 12 pit oo

E20|= EMeHoflM S0[2 Z2|H(PSS-co-MA)2|

HYSE

o] QL] = A BA & TPSE F-gsl= FHo| & KAl
HolA| Hdgt Faju o] FUeFS AAsH] gt Aol
o] 23t =L 9J3}ed, NaCl 3 wt% Q] &<=0]| [TPS]/[silica]
9] %7} [0.02]/[0.5]2 A A PSS-co-MA Q] H & &
F7HAZIHA A A5-& A HQkTh(Fig. 2B2} 2B’ 2] a-c).
PSS-co-MA7} §1-& woll= 15%9] &0 A=A
Tk(Fig. 2B’ 2] a), 0.1 wt%S} 0.2 wt% 2] PSS-co-MA S
71E w = 5 8% 2] A Eo] A El= Ao Uekutth
(Fig. 2B’ 2] b2} ¢). o]& 3t A= PSS-co-MA 7} HALH 9]
RS A 5= Stk AS Ho3EL, 0.2 wt% PSS-co-
MA&= S A REEe] SEgt ool opek=ZE& Hols
Hojl= &325(NaCl 3 wt%) | [PSS-co-MA]/[silica] 2] 3

2]/[0.5181 “Jefiol| A TPS &} Z715ke] whabA A
=9 Aol 5= keI th(Fig. 2B2} 2B’ 9] d-g). Fig. 2B
9] d-g&} o] s P04 HHEo] AT oM, &35
TPS7}0.05-0.1 wt% (Fig. 2B’ 2] £} g)ol| 4] WA Eo] F2

-

25
1 silica particle
+ PSS-co-MA+ TPS
20 P Silica particle
i A + PSS-co-MA+ DTAB
2 s ae
5 Al
s 1 I\
10 | ® /
> |
J T :
1 e 4
® b ’L
0 —lemmapuns o
10 100 1000 10000

Diameter (nm)

Fig. 5. Size of colloidal particles according to different types
of surfactant.
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Fig. 6. Interfacial tension value of oil/water with varying the
concentration of TPS in brine (NaCl 3 wt%).
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Fig. 7. (A) Oil recovery and (B) pressure drop during the injection of brine and various colloidal dispersions into Berea sandstone.

Table 1. Results of coreflooding experiments with various colloidal dispersions

No. colloidal dispersions Interfgmal Viscosity oil fcrc, Result
tension recovery
1.0- 0.99
0, -
1 3 wt% NaCl 44.1 103 57.1 (Retention 1%)
) 3 wt% NaCl 418 1.0- 582 0.87 Increase of pressure drop
+ 0.5 wt% silica ’ 1.03 (Retention 13%) and silica particle retention
0,
3 wi% NaCl. . 1.0- 0.93 Reduction of silica particle
3 * 0.5 wik% silica 36.3 1.03 62.8 (Retention 7%) retention
+ 0.5 wt% PSS-co-MA ' ’
3 wt% NaCl
4 + 0.5 wt% silica 3.7 1.0- 742 0.92 Reduction of interfacial
+ 0.5 wt% PSS-co-MA ’ 1.03 ’ (Retention 8%) tension and pressure drop
+ 0.1 wt% TPS
3 wt% NaCl 1.0- 0.94
14. . -
> + 0.1 wt% TPS 3 1.03 67.7 (Retention 6%)

*C 1 Cy: Normalized breakthrough concentration of particles, where Co is the concentration of particles in core inlet, and C is the

concentration of particles in core outlet.

As3E ASZE



504

b
o,
o2

201 0.5 wt% A 2|7 A A F=Y7E 39S vl
Sh Bl& Aol AA YEhA] bRtk 1o At

S FUILS it dgeo HeEghe BARA FUHS
2] QFF o] 2F200% F7HES BTk ol A7) vt
ERd o] -5 ER15}7] {8k, M| o ot 3k
3} 0] o] =i of o] kol o5k S A Kkt
FHUNO = &7 A} L Zo=3% v|RES = Vet
o|e] gt = A TE Darcy 413 thisto] AlAlsIH, AA|1=]
O 2 3% Y] JFS E AR YRR
ol A &t FFS FAIT whetct 1L Ao %59
ZRolE FEHSIE 2% A3, Jethe FAUS T
Foll= 1% Ert At o, 4ol Hejykg 24t
AlA FAWE = 13%7}F TAsk= A o2 Lelsttt o]
23t At AREe] dej7tdairt o] Wel 2hRst
Z& QJulsi, A Fo] Hiof FHsh= AlR7IIAr)
EiE A4S A7EA e Assiet ddE = A
© 2 mohEch

(A#2)0] 3712 PSS-co-MAE $H3-3t 20| HAat
NE U (A H3) o= (A 2) Kt 5l=80]3% 3
T Z7FHAL, 912 13% A= WA Uebdc) o] gk A3t
£ Z2YME FATTE AEPAYE SUFe R St
171 A G- GAEe] Babgd o] R, o] 2 <13
FUHEE LS 50 O] F | A HA] F=3E | A
7hAR}2] ZhREFo] AT = QIlE Ao & Wik 3t
A4S H= 28 H 9 polystyrened] 28l A&7t 2
U/ EO] AH A g2to] FAFE 4= Q7] wfEo) AHagE
FAEIL et 2o s AxAos &
ol ZHE AN Alof| AAAF o] APRE TrAF T,
o] Yol e FRo|= ZHFTE (HE2)et vl o,
6% TrATHS geldh 4= 3lick

ool = Aol AEj7HYAL, PSS-co-MAE B4R
EALH(AE3)of| TPSE F712 E3AIAS o Yeh=
AE FRlstgict (AE3) 2 Bl S ), 10% o)/t Y
Bl=7) SRE] O, Qb2 |t 40%7HA] ZhAshS ERIE
o= A3tk o] g Ak= (A E3) E ot AHAE o] 75%0]
A dA3] AT gl FFolA 2do] Bt HA &
gE]o] f-53lHA Aol TrasH =a, IFE F7
Sl= gt et Ao@ Holok w3k (A133) 1) v 2l
S, Fo] Yjof] FFeh= ZFRo|=o| ok Z HEL I
oug ool A AHAA7E A7t Rte] ZhRakS
AR = E3E A 22 HolX|uk Fig. 2B’ 9] hojlA] &
gt uiel o] AR Ao M E S34-& TAYEEA] oFot71 ol
AN o] &St R-50] 7He S A S & wEkEch

npz|ako & ¢<=of TPSHHS HARA 7 $291519S wj(4)
A= (A4 v w S off FEFRtol= A YERA|

By

s

-

t{>~

o

S F5%)

Lo AR O R 6% = S FHE-S Berk o]

= (44)2] 79 TPSS} 0] PSS-co-MAS}
AR 0B AelA S Angeds
AT LRI, (A1FS) TPSO) eJaf At Aol
ZhaE|9l7] el Ao melch

o
re
o
2
>
rr
N of
H
ofr
P
N
N

A4 et ole &
AE B FRO|E B

=
Azshon], 4aalaga AP Sastel che 2

I~

1. NaCl 3 wt%o 4] A2]7K0.5 wt%) <} S0
PSS-co-MA(0.5 wt%) S B4 7] o]
oFol 24 AHEAIA| 2] DTAB(0.1 wt%) S =712 &
A S = FAo] WS o AU 2o A
Fgol 2 AHZAAIL TPS(0.15 wi%) S 83417
< tjofli= o] AgstA] ot ol Adbe He
of o3l 714 whdke] o] ZHAgt Adef ol 4] Ritfol
(counterion)¢l DTAB7} =0 A=A 7]4 ¢lglo] 7F
st=| 91710l SR o] WAYeE 2 0 & wThE|n], TPS = &
o)L} gFol g HE Hastu g Hx7)H ¢l o]
sh=| 2] k710 S-S WA 4= Sl

2. Ax27ollA DTABE $high ZEo|= SAN2 &
Zo] WAYste] 1,000-10,000 nm &) A=F=27]5 LR
t}. o]t FRo| & HAtHo] 45 TR ARZTS
25909 A AHES DY EA 7S Fat
S5 T34 A 4= Sk webA A5 Reke
A 75| A= DTABR L= TPS & gHfdols 20|12

I rlo
il
)

12 =

=2 o

oM o

[e)
EREES

>~

R 2ol uierEE Aol

3. dleloh AREE ol 83 HoIF Y UHS
ol 4 Ael7t 21749} PSS-co-MAS o] AT 7 %)
B 7o) Ael7t AApghe IS et o]
o] ke Bio|E AHRao] agon, 09
B|pakE 57l A2 Selstert. olefat ol e 2
2o|= Qe BAVgo] FAFEIGLY] wfie] o] 2 <13}
AR BAF AL, o] GaT ¥HF B0l ¢
A7k 2 dak 20| AWO 2 §eFo] A5AS FpAl
polystyreneo] <3} AWl 74 iubst hehd 0
= ghogch

o,
%

4. Fgo|E BEALH(NaCl 3 wt%o] 0.5 wt% A 2|7} =}

2}0.5 wt% PSS-co-MA A} E]) ol 4] TPSE-0.1 wt%
FAHE 1) AT EEE 0.1 Wit TPS S
TR BRO|= BAIE Tolo] YRS ol



FepollA Aulzhhiegdztet ofgdoled AMBEAE ol 87 Afdleslol Bt a4 505

TPSE FA5HA) G BRO|E HAS FQge
B} 10% o4k © At FAES AHH o el

ahgict.
A A

o] Qi ez e] FYow FRH AR U
0] F A1 “RhAL AR EASHE Be HY w
W 7] AWEANE 16-3312)70] Ao 2 S5 9]
Uk 9ol ZAER Y,

References

Bagaria, H.G., Neilson, B.M., Worthen, A.J., Xue, Z., Yoon,
K.Y., Cheng, V., Lee, J.H., Velagala, S., Huh, C. Bryant,
S.L., Bielawski, C.W. and Johnston, K.P., 2013, “Adsorption
of Iron Oxide Nanoclusters Stabilized with Sulfonated
Copolymers on Silica in Concentrated NaCl and CaCl2
bine,” J. of Colloid and Interface Science, Vol. 398, pp.
217-226.

Binks, B.P. and Rodrigues, J.A., 2007a, “Synergistic Interaction
in Emulsions Stabilized by a Mixture of Silica Nanoparticles
and Cationic Surfactant,” Langmuir, Vol. 23, pp. 3626-3636.

Binks, B.P. and Rodrigues, J.A., 2007b, “Enhanced Stabilization
of Emulsions Due to Surtactant-Induced Nanoparticle Floccu-
lation,” Langmuir, Vol. 23, pp. 7436-7439.

Brant, J., Lecoanet, H. and Wiesner, M.R., 2005, “Aggregation
and Deposition Characteristics of Fullerene Nanoparticles
in Aqueous Systems,” J. of Nanoparticle Research, Vol. 7,
pp. 545-553.

Hendraningrat, L., Li, S. and Torseter, O., 2013, “A Coreflood
Investigation of Nanofluid Enhanced Oil Recovery,” J. of

Petroleum Science and Engineering, Vol. 111, pp. 128-138.

Nelson, P.H., 2009, A., “Pore-Throat Sizes in Sandstones,
Tight Sandstones, and Shales,” AAPG Bulletin, Vol. 93,
pp. 329-340.

Oruwori, A.E. and Iliensikimama, S.S., 2010, “Determination
of Water Salinities in Hydrocarbon Bearing Reservoirs of
Some Niger Delta Fiels - Nigeria,” Proc. of the 34th Annual
SPE International Conference, Calabar, Nigeria, July
31-August 7, pp. 1-10.

Suleimanov, B., Ismailov, F. and Veliyev, E., 2011, “Nanofluid
for Enhanced Oil Recovery,” J. of Petroleum Science and
Engineering, Vol. 78, pp. 431-437.

Wasan, D. and Nikolov, A., 2011, “The Wetting and Spreading
of Nanofluids on Solids: Role of the Structural Disjoining
Pressure,” Current Opinion in Colloid & Interface Science,
Vol. 16, pp. 344-349.

Yang, G.C.C., Tu, H.C. and Hung, C.H., 2007, “Stability of
Nanoiron Slurries and Their Transport in the Subsurface
Environment,” Seperation and Purification Technology,
Vol. 58, pp. 166-172.

Yoo, J., Park, C. and Kim, H.T., 2011, “Utilization of
Nanotechnology in Enhanced Oil Recovery,” The Korea
Society of Mineral and Energy Resources Engineers, Vol.
48, pp.794-801.

Yoon, K.Y, Son, H.A., Choi, S.K., Kim, J.W., Sung, W.M. and
Kim, H.T., 2016, “Core Flooding of Complex Nanoscale
Colloidal Dispersions for Enhanced Oil Recovery by In Situ
Formation of Stable Oil-in-Water Pickering Emulsions,”
Energy and Fuels, Vol. 30, pp. 2628-2635.

Zhang, T., Davidson, A., Bryant, S.L. and Huh, C., 2010,
“Nanoparticle Stabilized Emulsions for Applications in
Enhanced Oil Recovery,” Proc. of the SPE Improved
Symposium, Tulsa, Oklahoma, USA, April 24-28, pp. 1-18.

o}

a

2009 Fopelstin Fakfst 484
2EFEE BT

2011 Fopelstin kst AUBET
R

Ik
ro

Nt

o

AR STl A g skt wpaby (B AR AT
Sk QA
(E-mail; ssolddal@hanyang.ac.kr)

Melg

1979 290 Tkt Aelgelat shl

1983 3¢ Penn State University 4J-8-
Tt A0

1987 12 Penn State University 4]
RS =

A7) oot ARBATET 0
(E-mail; wmsung@hanyang.ac.kr)

As3E ASZE



