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Abstract

The secondary and tertiary oil recovery (EOR) of the residual oil in the pore
surface and pores of oil-wet reservoirs in low-permeability reservoirs is important as an
energy issue. Conventional oil displacing agents (nanoparticles and surfactants) had
improved oil displacement performance and Janus granules were relatively high in
preparation cost. Therefore, it is now necessary to design a new type of oil displacing
agent, which is relatively simple to prepare and has excellent EOR performance. This
is of great significance for the molecular design and oil displacement effect of the new
oil-displacing agent, the process of reservoir exploitation and the microscopic
mechanism.

In this thesis, we obtained a series of modified nanoparticles by grafting a
surfactant onto the surface of SiO» particles by molecular simulation. The performance
of the modified nanoparticles (dispensability, interfacial activity and oil displacement
performance) were evaluated and analyzed to reveal the effect of modified
nanoparticles on EOR and the structure-activity relationship between particle structure
and enhanced EOR performance.

First, we investigated the dispensability of modified SiO» nanoparticles in aqueous
solution. The results show that the modified particles by grafting the carboxylic acid
surfactant had the best dispersion performance. At the same time, the disposability of
the modified particles by grafting alkane surfactant, the nonionic surfactant and the
zwitterion surfactant had dispersion performance partially. Then the relationship
between the configuration and dispensability of different particles exhibited. The
modified particles by grafting the carboxylic acid surfactant changed in the
configuration of the aqueous solution, the carboxylate chain completely stretched, and
the steric hindrance increased. Largely, the electrostatic repulsion between the particles
enhanced greatly, and the barriers between the particles to gather were extremely high.

Subsequently, the effect of modified SiO» nanoparticles on the oil-water interface

was investigated. The effect of the modified particles was evaluated by the change in



interfacial tension, and the influence of the mixed modification of the hydrophobic
surfactant was further considered. Studies had shown that when the hydrophilic
carboxylic acid surfactant and hydrophobic surface activity were grafted by 1:1, the
particles had the strongest effect on reducing the interfacial tension between oil and
water. The hydrophilic chain was folded to the water phase, and the hydrophobic chain
is folded to the oil phase. The particles formed a Janus structure at the interface, the oil-
water interface was thickened, and the oil-water two-phase is dissolved and enhanced.

Finally, a model of residual oil droplets on the solid surface and oil molecules in
the reservoir pores was constructed to evaluate the EOR performance of the mixed
modified SiO> nanoparticles. The oil displacement performance depended on reducing
the oil-water interfacial tension, weakening the cohesive energy of the oil molecules,
and weakening the adsorption strength of the oil molecules on the surface of the
reservoir. For Hydrophobic surface and reservoir channels, the structure-activity
relationship between the particle structure and the oil displacement performance had
important guiding significance for the design and preparation of the nanoparticle oil
displacement agent.

Key words: SiO2, modified nanoparticles, interfacial tension, molecular dynamics

simulation
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Fig.1-1 Ag nanoparticles and pomegranate (carbon-coated) nanoparticles
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Fig.1-2 Schematic diagram of heat transfer in nanofluids
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Fig.2-1 Simulation of the effect of mechanical agitation and periodic oscillation on the
dispersion of nanoparticles in polymers
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Fig.2-2 Dispersion of Nano stave in Polymers and Nanoparticles in Surfactant Solutions
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Fig.2-3 Double-electrode layer on the surface of the particle (left); ionic overlap on the
surface of the particle (right)
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Figure 2-4 Space steric (left), electrostatic steric (right)
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Fig.2-5 Two nanoparticle potential energy and distance curves
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Fig.2-6 Hydroxylase SiO; particles (left); hydrolyzed in solution SiO; particles (right)
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Fig.2-7 Schematic diagram of different modified particles, equilibrium ions and initial
system
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Fig.2-8 Stable configuration of the system; (a) SiO2 nanoparticles; (b) SiO:
nanoparticles grafted with quaternary ammonium salt surfactant; (c) SiO, nanoparticles
grafted with anionic surfactant; (d) SiO, nanoparticles of alkane surfactant; (e) SiO,
nanoparticles grafted with zwitterion surfactant; (f) SiO; nanoparticles grafted with
nonionic surfactant
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Fig.2-9 Stable configuration of the system; (a) SiO2 nanoparticles; (b) SiO2 nanoparticles grafted with
quaternary ammonium salt surfactant; (c) SiO2 nanoparticles grafted with anionic surfactant; (d) SiO2
nanoparticles of alkane surfactant; (e) SiO2 nanoparticles grafted with zwitterion surfactant; (f) SiO2
nanoparticles grafted with nonionic surfactant
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Table 2-1 Distance and dispersion of modified particle spheres in different systems
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Dy (A 4.62 0.39 10.56 12.18 13.86 20.09

orEtE Ao ATEL ERrEL W EEL SRR

D W RRGUK BRI ERR T 2 [ - X EE i, AHEC TR EBmiE, R e
Wi Je A R T R RO PR 2 HIC

2.42 ¥R IR AR E/ER 4R

N T W FUB MR EER BRI AT N, AT — DT 5 T B 5
R LA KA BAH LA FHUO 19, 03k 2-2 R

21



PEAMAY (£FR) TRPMIEX

F 22 AEBRP ARG BKAHEIERABE (keal/mol)

Table 2-2 Interaction energy between different structures in different systems (kcal/mol)

PR ES N bike T MR FRET

BR-EA T wE =1 =1 =1 i
E spst -1.853 -0.911 -1.584 -1.494 1.032
E s -0.538 -0.068 -0.934 1.185 -1.236

AFERIL, W TR, BT I IR, & SRR I
I A G| (B antH T B wsdRAD, FHRBEUBE YK K, [F
9N 1 AR RO 2 8] (i FELHE R AR P, LR ENORRIURE 2 8] BE 4 ) SR 55

TR T heke e, EARERME AR ILAE P AR 40 sh B, B th T heke gk fE
N R KEE, 5K Ta MR AR N, BT DAk B e B fE ok R i (H2
HI e AN T LT, DR oK URL 2 (81— 5 I ML HE R AR, P LA B0 40
KBORL M EL ARy 080 X TR 78, BONEERIR AR AR T8 MK AR ELAR
R ERZERAKR, FreldEsE 7 B E g R BRR ER R 1 . (EARE T8
R, X TR A 7 Ve 2299 The ke )T TkiE, SARE Mk, BR
ANBE AR E RN T BERUKA BAE A, IF HZEBRROR, A OBEARRCRH. H
e PERE S A ERR IR 7 )R AERA R T, DRI A B 1 1 R R % T MR B
FH &7 i 2R AR PR AE 7K S

IMRREEEIE S SiOx A EFFHE T, M THERIETRE, RN &F AR IR ik
KA BABERAESIHER, BT HE 2 1

2.4.3 PMF #1 MSD 4t

N T FUS AN [R5 VB S oK R 2 B U SR I SR R, X BLTHA
T RGO 2 1] H 3zt K% 3T B 34 22 () A8 4K, (Potential mean force, PMF)!%6), P/
UKLV AR R THIEE 252 45A, 8] 52 (5 22 R AN K ATORE, 6 A5 0P 48 2K SR A
45A MEEEHIR] 25A, JFHA 1A MEEE AT 0.5ns 50T 30 ) #4050, JF
THHE PMF H, 2l p& 1-5. B TAER A MS A1 LAMMPS #4455, i
1% CVFF /i3, #EAT 10ns ) NPT BE40L, BEDLIEE N 298 K, KA —D KA
JEo WA HISR A Andersen 7732 R omE§K F Berendsen J77%; RO AH HAE
KH Ewald ikt 5; #FREARIEE 1.2 nm, K% 1.0fs, A 1000 fs idk—
A RIS B

22



8 2F UMK ERIAE KR R D B ISR

6 6
—-— —a—iiE
——HET ——FT
—A—FE
40 40 —y— R
= = A5
g g ——FtE
= 20 = 20
[+] o
v -
= 0 .. = 4 A .
: : }Dﬁf’
a =
-20 -20)
27 30 33 36 39 47 45 27 30 33 36 39 47 45
X /nm X /nm

& 2-10 (a)PMF Hi£k; (b)MSD ik
Fig.2-10 (a) PMF curve; (b) MSD curve
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3.1 8|8

TET SR e, B G — YO RIS R8I I KR R A
PR, AR K 2 TR ST 3K 7 CIFT) F 8 7R A 2 R 7] — A 3 B A 53 50,
KZ B BOR 51k 45 5/ /K R 42 18 Sk 1 /e R bt BTk R
P, BRI TR, BRI RS, — k. TEAE, i
MR, B SO K SRR F7, 4 A R W IR e R MR B, TR
TG T FU MU I g e ios-non,

K SR il FEI SR e 57 FE (0 575 — A 356 A T B2 0 2 0K S e 0 W B 7 K 9
T BT R . ARSI B 1 3 B MR K R K ), O
FLA S S5 0 AW LRSR AR B3R 3 R O R . B IC 4 R ALK MRHA BEIL B CMC
[ 3 L, R LRI AR ST 1 BRI R . AL SRl TR R
W% T BRI, TR T1. T4 T6 ZMXHMKREKIE 10°
mN/m 7KF . BORGPK IR R O R % SCIREATHROE . (B ECIE P 3 P I 1 b 2
X, T BK 2 HTE SO BB AR 0 TR IS R B R OB ek AR
78 R 4 . Material Studio oA, FIBEEYEGK AT BRHAE /K LT (0 AL,
TR TR R G PR AT K 2R 1 ST 3K A, DB SRR T R
AT A PR R K T R TR S 2 B, )T M A AR E T K ST R AT, 8%
FCRR AR/ K FETET K 7 O BOUAE FIALA s 8 R S MR L 5 BRI R g A b
B /7K T 3K A7 (KA

32 RBWESHE

FIF MS ¥4 Discover % LAMMPS A/ FEHEHTHNIT5, 3T CVEF
J15iAT )13 L. CVFF i3 Gds THEARE AR A RS, Hb, J0EEvdW)
S i FEAH LR FITE AR SR ELAE P PP e 21 32 B0 FH o B UM AR FH DL PEAR AR D 2
fif, R Bwald KAMT7EHEECIER, vdW fEHIEL 12-6 Lennard-Jones s
NFERL . AR EIET T I 5 T 8) A EONR, B T SRR . AR
HMIZKAH, EL NPT REZAEHL 4000 ps, #MT¥428 124, #liJ7451%#% Berendsen
fEIRES, R E N 300 K. BT B8 FBERA 9K ORI ZE 7K (v e e
FEH DR ERA T FH B B T AT WK SR 5K I 7. 1 ST FE R e
R SO K R O K LR, 7E 298 K 1 AN KAE BIFREE F#E4T 10ns 40T
B IR, MR T AIUERAL: e iiE 10 nm x 10 nm x 5 nm K/ FHARK &R,
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AR 2 ke SR 7N RSS9 10 nm x 10 nm x 2.50 nm FIZKAHIA R B
Je il “Build Layers™ iy &R . KA &, R St BURL & T K A AL, 558
PR B T B 1) e PR UK A Jeh K S DB B AR S T sk D I RE 77, BRI 3-1 B
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B 3-1 SRR GRBORLAT R ATORL it /7K i R AR R

Fig.3-1 Initial model of modified nanoparticle and nanoparticle/oil/water system

XoF T B R RIOREL A S TR K JT R ST 7L, VRS B, FRATTZE R8T /7K
T N ITORL/ /KRR BRAB R 9N K ORL K = AMA &R ALK T 4 R
BH, 47K B ST 7K 7729 50.880 mN/m, IIAGUKEURL G £ 2 46.991 mN/m, 1fi
I BA B BB AR RO — P G A 39.812 mN/m. ] 2-2 45 [ P47 f5
PO T R K B 38 BE A3 AR T, MR A “10%-90% FI B it 7 11T 545 B ik 2 R i
D (4liiK: 3.60 A; REMHIIGKBR: 3.96 A; BIRARREEMIGKERL: 5.44
A, B IR IR B4R N BMAR AN KA b, B3N T AR R AR
FE RIS Isg N T i AARIIR &, AR T RAR S I Tk 7)o X a5 R HIRBRIE 1)
AR IIURL W] DA RO AR T 1, S sk SR e, AR TR R R
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32 WAKFHE KPR (a) SHKER, b) MARBHIOKBREIEE, (o) IIAR
REBBRIRA R, (d) WAKEESMHL
Figure 3-2 Equilibrium configuration of the oil-water interface; (a) pure oil-water system,
(b) system with unmodified nanoparticles; (c) system with carboxylic acid chain-modified
particles; (d) oil-water density distribution curve

JE KT Janus ISRBKYESEHE, TATWPORBRLEET TIRABM, 5. B
IKEEF B, B FCX P as M K T e . X B, AR iR (R
KEE, BEA—EAEE) MR CEAKD 1E SiOx 4Kk FFEALE M (X Fh
BERLIE M RAE S0 B 18 5 TR . XL, FRATTSE TR T AN IR Bl (e
BEARIREERE (RECN 18 260 BHE B Si0x AR R, Fefe B FIHR IR Bk 1)
ELBIK RN 18:0, 16:2, 14:4, 12:6, 10:8, 9:9, 8:10, 6:12, 4:14, 2:16, 0:18,
1 3-3 FioR.

B 3-3 e Je Bl AR IR R TR & F B ) A PR A oK UL 35 ) TR 1)
Figure 3-3 Partial configuration of modified nanoparticles grafted with alkane chain and
carboxylic acid chain
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3.3 MMBR KT R K DERER
3.3.1 #EILER

ANTRJHEAS EE A ) 50 999 K SR A7 ) 3 /K A 28 5 T 9K A0 O B 65 SR G 3R v
Fiome tHESE R I e M B FHE Lo 1:1 BRI A sk ik, M
B [ B T BEAE RIS 1) 39.812 mN/m i3 — 3 AL E 32.028 mN/m.

1.2

> 1.1

a7] \’ / —~ 09 7 " \b\
'-‘9—1 \b / g E 0.8 / " b\
P =
A 0.7
g \b / ﬁ 08 / \
EEL » E  og

39 \ / B 0.4 /

\’/’ 0.4

0 70 20 30 40 50 60 70 0 1] 10 20 30 40 B0

FWEE 41k R AEH 5L

B 3-4 AN [RIEA LB I SO R BURLARE ) il 7K S TET 7K A
Fig.3-4 Oil-water interfacial tension of modified nanoparticles with different
graft ratios

3.3.2 #HBESHABEER 2R

A ZE SR AT LT 5 AR B R 5 (I 3-5) FIK 51 )2 )5 A5
BUESE o ZUORRURLAL /7K T4 B, AR T J5 A R, KR KR IR B
[ ZKAHES 1, KR (R e ke B 1 b A 25 ot /7R PR A T ARG o, 5 2 T2
BEOR, FrumAbiih . KT EOH SN, B, S B R, A S
B K AT B RIS, V545 21 10 A 2 AL HEke AR BRBE K L 1:1 I 5K,
AR AT KA RERS 78 70 TR &, BR 645 21 1 F 7K T AR

B OmEHER, MEERR

B 3-5 BMERRAR () FUKBRLAMMKPARMEER B)

Figure 3-5 Modified particle configuration (left); nanoparticle and oil-water interaction
(right)
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X B IRA T TSGR RIORL 5 il KRR PR AR B AR P O S i 5K 0 45 R AT T AR
Beo AR GK AT~ 2E MU, 55K 702 A AR B A B R e AT 5
YRR S K A EAE FHBETETE A T A 022, W3k 3-1 FR.

31 AFME LB AKRORLAR S KH BAE e %2
Table 3-1 Differences in interaction energy between nanoparticles and oil-water in different
modification ratios

FeJe R 162 144 126 108 99 810 612 414 2:16

AE (kcal/mol)  8.645 6.615 3.487 2.059 1.155 1.487 3.450 5.106 5.864

D (A) 37.36 36.20 34.71 3265 32.03 3247 3376 3542 36.82

ANARE 7 55 A AR LA REAN G RRIORL 5 7K AR AR LA Y RE A 22 B A, TR A
G AL BRI 7K F 1 7K 77 ) BE 02 i i ) (KU 55 ol A A LA P iR
20 K RTUIRE T 1 7K 51D J2 V58 RS2 MRROR, - gy R TBURE F A0 el 7K 57 T 5K 70 1) i 77 8
Do

3.4 KENG

WAL TR S Si0x GKRURLR T FTH AR MK F sk Be /1. tH5
R T 20K A R A Si0 GKBURINAKIHKE Z, A FRIR BB HI 44
KR T A R B K sk 7as 2t — 20, AR Tanus 9K 0L R 3¢
TR, SR GR RN T BE LS TR (1 e ke BE AT 2% 7K R R IR BE R R AT I
RAE PER PR BUK S, 5 T ARBRELG] N R 5K 7y, T4 R L,
LBk BEARIREE BT ELG Y 1:1 WA 2 S m sk Tl JAT M 1 SRk
PRI B DL R R FORE AT 7K P AH B AR WA 1 SO O S By e 7 S T
BEAIR S 1T 5K A B o
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B A4E PRI EFTIRSABRENHR
4.1 51§

SRR Si02 98K BURICHE SRR K AT oK S RE 1o TH5
RYARE T APk AN SiOx K IBTRIII N B 1K 2, N R FRBEAE MR 490
SKIRL FT LU A B AR K T 3K J75 k30, AT TR Janus 29K 50K 1
B, 7R Gl K AL 2 THT B LIS A 7K PR J60 BE ASE K I R R B 3R 43 25
ST VA SRR G54, FE5 58 T AR L T (K AT 5K ), 5155 R,
5 KRB TR RIS L AAIA 101 IR A5 50 R T K 3 el JRATTOMHT T ke 50k
FRY A TR0 LA e 29K SRS 7 AP0 LR Y W T e SR R B it /K 7 T
A T 7K TR

I 2 2 P R ERL 0 PRSI R, A TP S B P B V2 O, A e TRk
M. I, A B RO KR R AR 2 A KT R BRI R
ARV AR5 I VR B IR T 5 110 L TR A A, e 2 3 A 3 4 A
BB RO R . R, RE SIS SRR E S R R
—ANEE AT ARSI I 2 - AR AL BB 2R KARRE R
MG, BEmAhFE R ME . 5 I O AR AR St R . X P B T KT R, B
ST R o 2 5 A BT L PR 0 4% T PR STEMSRT LI 4 3 T (032 85
PrEE A .

T BB A7 S B 1 R B 4 T 249 SR 2 VK % L3823 RO et 40,
FMIEYER . scCO2 GRS, Hrh gk Uk i T FL 00 S B Rt 32
FHT 2 0 SR 1108 V041 g 7 b — A4 o g K IR 94 T A Yl S a1
AT SR K BR300 25 S0 O A Oy e e O« [0 B A9F 2 R B
AT S K B P B Janus 29K 350K ZE S 7] (%) T8 b JE B HA B4 1935 7%, EOR g
IR S o SRTIT Janus 0L SLI0H) % 52 2%, DRI S 0 S 0 /K VR 0395 1 e
BERAE ORI R, BF ORI A 05 T 3 B kA IR RE ) o IR N B2 A
AT VA R T — BB KR T o A9, A 1388 3o R P R B0 4, B
I, N 2-3R3E % KA DMPA, T4 AR 4 B 7 28 ke ook g — 44k
KL T (BMSNPs), SX7ERE A LA 7 2L 1300 e U 11356 281 46 7 VA
HecER A 7 eORE £ B 3 BRSO 7 7 2 T _E LM B A S K RN i 7 2 ) 4K
AL LT SN, T LUK AT 4% 30 i SOt B R 7 o IR LB 1
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YRR TTEM 2 B PRI 5 Janus G9KRLTAH 4 1908 5 EOR MERE.

NI 2 T 25 53 R 2 i A e SR MO T 2 O L o O TR K A
B B2 A R T A Bt BT R 17 B 25 0 B o Rl o — SR 5 [ WA R VA I
W AR R AE — i 71 o i, AP ENTISE Nl 731 3h A A AT T 7 A
IR IR (T, BT, JE8T, WD T A AR
B BT B A, BT IR N GRS [ AR SR T Y
R 28 o R 7> TAES SR, AR ISE AT AR T CO2 WE B £E
AR T ) B AT N

BEAh, LRk IR G A LR A B O LY, DO R SR R 7K B i 4TS
SR N ARG 25 0 B LR, I HLAfE DL I A BORAE A i s bl A . #Va%
NIHGR 7 7K BR 5 it J2 A A LB rh i B SR AR S5 M T RS, At RO READL 5 SRR B,
A TR NI A . RIS T3 J g, va s NIRRT TR A R
YIAE )5y RUZ BB el R AER AR, IR RIS HE 5 i 2 18] (A LA F v fi 2
AL R R PRt TR Eh N . B AR AR B B . R AR ORI A
Monte Carlo (MC) 1713 /35% (MD) B FT 1 W B/ i ) 1) 705 B
3R H FLIE ST IR AL BT DURERE D R B /b i J IR » i bF J vl F 4
A/ R IR RIS A o Xt i J2 55 A LB A B R 1k (O T 7L 22 AR R
TR E SRR, Rl gk = 2% 2 M R GURRTE 241 70 530 11 52U
HARHE . I E R SEIR AR ZE R FTIESE, PR BURLRLA/E EOR FAAE
Ki&ET1, OSENIRGNRBURL AT LA3R kb 5 BRARK /A Sk /0, il 28 AR
T (R o KR RT DAVR PR AE DK I b, BRI ST 5K 775 [N, 4Kk 1 72
i J= 24 THT PRI PSR AR Py SR (R e, e b i B FLRR R IR B A2 -
T HE5RIX XS EOR M AT, KE S i D REBERE B I 40Kk |,
AN SR B RN THNE 1R 7] o X Se A B L 2R IE S ] LI B2 B AIG it /K St T 7 ) 95
RERRE, MR R A &5

AT R Y 5 BRSO BEAT 75 VRGN R FURL AE 5 vt A il SRS R 5 T I 7S, 2%
SN[ RO W 2N DKV YRR S5 A 28 T i S 88 AT 7 LA R RE i FLIE A 3 1 I8
MW IL, BT EPOR BRI T2 A Fim SN S8 Thse et 1)
Y 375 1 290 oK R A ot 5 T ) 4 PR BTL FR1) R IR R0 AR i P 4 K R 5 il 7K AT
PR A B i VEGUR IR R 3G SO R HE IR ML, 2 RS I ol e 2k
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AARIE I RO 1%, DB Tl s O T R S (B 1 J il o

4.2 BHEKIKHEF R Es AR MAR B R
42.1 HERMESHFE

REIET 2T 00 TR, A8 T StEgeREhL . diAE. K
FUL A AR SR I MS B Discover & LAMMPS A #EAT 154U
5, N COMPASS /1378l CVFF 113540 5%t — b ik FLAI == e o T-/40 K B
RIFEAT 713550 L. FH SPC (fRi 8 gUHEA) BRI K /> T AEJR T LT 3410
SR AR SR o & A BLAE A DLEEAR AR FH OV 2ERE, SRA Ewald SKAITT
At HECIER, vdW /EFILL 12-6 Lennard-Jones 34 A3ERf. DL NPT REZiFHL
15nps, W18 12A, ¥R 77751%F Berendsen 1HILAS, IRE R EAN 300K,

(@ oy Methyl

(b)
©8 8 & &
(8688 e
(d) B0

& 4-1 (a) WIRHEERRE (b) SIO FRBRL (ORMRE (DIREE (WIMHBER (D NP1 GRIR
BB BERRD (2) NP2 (B BERECHIBUIERIURL) (h) NP3 GRERBEA ke ke BERENL B Y
BOMERAL) (i) Janus (GREREEANGE R HERENL 20 78 B3 M2 i S i R
Fig.4-1 (a) Oil-wet rock surface. (b) SiO: nanoparticles. (c) Carboxylic acid chain. (d) Alkane
chain. (e) Initial system. ()NP1(modified particles of carboxylic acid linkages). (g) NP2 (modified
particles of alkane-linked branches). (h) NP3(modified particles randomly grafted with
carboxylic acid chains and alkane chains). (i) Janus (modification of carboxylic acid chains and
alkane chains randomly grafted on both sides).

YK R ARE CR/NN 13.26 nmx5.54nm x3.9 nm f) SiO ‘H AR, #*
7P R R e, B I A R D O — AN (220 N R TR
1E 298 K\ 1 MR ERPKIEBIAEE T (19460 N/KSF) HEAT 10ns B PS5
o A ZFE 8 I TR 2 7R [ MR B E R TR b, TEIR AN SRS PR B PR TR
- - A IR R Y, K 12 ANASIR] B SR SR T ZKAH Hh T i K R T
BAARELE, BRYIAEE, WE 4-1 () Fim. AT HIFi B et Bk 1
PESErE, S0 — R SRR A Lt A48 7795 5 eSO 9 R R Ak R 14 7
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422 BRIULER

R RS HASTHEE T HAT T 15ns KPPATASREL. AS[E 7% 7] 5 AE
HAEH IR LA )Z R AR EE S, B RIUONIEE A AL . A FE KR
LSS SN 4-2 Fos, IR A AR I E 4-3 Bis.

(a) (b) % w % "

4-2 AERVEBERPRAES ARE LR ERMAEE (15ns); ()2iKER
(b)NP1 B (c)NP2 B (d)NP3 AW (e)Janus ¥R (HSurfactant I
Fig.4-2 Stable adsorption configuration of oil droplets on rock surface in different solution
systems (15 ns); (a) pure aqueous solution (b) NP1 solution (c) NP2 solution (d) NP3 solution
(e) Janus solution ( f) Surfactant solution

YRR, g T AR IR A R (1] 4-2a), s H /NIRRT A
E= S i s e 3 S0 S I A D) 4 SV Nl T s o A N T S A
P A B NIt B o 1 4-3 BEAT VELR IR A L AOR AR 75 X L I 18] Y
ZESE. FRBCH RKEER) NP1 SUR RN E AR L, MG AN, HEK
BEMZTH) NP2 Ll AT R SR AR BT VE T B2 sci o0 7 At , X6 7 12 o ) B
RN, VR 2T NP3, Janus AN S 77 AT DLAS e Hi IR B 72 70 7K
Fii b, ARORIIE IR A, 36 Il A Ve S — A R RS
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Fig.4-3 The equilibrium contact angle of oil droplets in different solutions changes with time.
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FEALZKIRAE N 2Bl A S A 3R T L, B 28T B J2= B B W PR A A« 1] 4-4(B)
KUY, AE NP1 B RIURL AT LA B A9 5 e 485 7 H /D> B il 70 ——NP1 Rt
R W1 B —Lel 71, SRR EATTRETSE o A R i e . 1] 4-4 () 2R,
NP2 ROk b T, JoiRf il o 7 ok, HZ3X L8 NP2 BRI 3L (R
HiRBEARMm b, BR—ZE. & 4-4 (o) 1 (d) KB, NP3 H Janus K
L T A D RS 89 v 485 7 D 20 1 B R e A SR T o AR DR L 1B 4-4-()
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Fig.4-4 Dropping of oil droplets on rock surface in different solution systems (15 ns); (a) pure
aqueous solution (b) NP1 solution (c) NP2 solution (d) NP3 solution (e) Janus solution (f)
Surfactant Solution

423 HIBSoHT

P 4-2 W1, AN [ PR RUARL/ 2 T 3 2 7 P AR B R P AN TR 2, AT 2
TR BRIt — 2Dt AR AR, B a0 7 A2 A A0 R i W PR o AR Ak, aihik
F 5K A3 AR 731 P9 SR B S

(1) T8 A AR T B 5 A2 AL

K 4-5 25 0 1R 5 E 0 R T Z AR AR R ROAR A, AE7KIR, iRk
FPATIS, SR EAE S EOE B BB . AEAEETR, MR IR B, sR AR
HAEH SECHEA /N A R A FE . NP1 R NP2 FFIAA7E 22 Bl 559/ 1 AH BAE
H, SBOERAIGIN. 2T NP3, Janus MFRMEVEVER], EATRPSRIER R 1 i
FAKAHZ B A EAE L, JFEISS bR A EAE A, 724 7 OREIE A .
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Fig.4-5 Curve of the interaction strength of oil droplets with rock surface in different
particle suspensions over time
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NP1 H1 NP2 HIfAZERHI S5 /R A EAE . 2T NP3, Janus FIZRIHITEME
F, EATTT PR S TG B T TR AT KA (R AR ELAE R D T /AR TR A
HAEM . /3R EAE RN BIBF RO RIS 1 77)~NP3~Janus> NP2>
NP1>/Ko PR, AR PR oAb ) f R, ARG 77, NP3 1 Janus 44K
L LA AR v PR 3 8 PR B ek )
(2) 7K G A

41 R TN B - K K AR A . FRATRIN, SRR
TR ARG, KRB K R 5K a8 AR R RIS, NP3 / Janus 74 &
KA T BRI

R 4-1 ANREB TR KA K

Table 4-1 Oil-water interfacial tension after equilibrium stabilization in different solutions

System Water phase NP1 NP2 NP3 Surfactant Janus NP

IFT(mN/m) 52.54 41.19 39.64 29.06 28.43 26.77

TR MR A NP /AR T M7 E EOR A I BRI 2 —, 2% kK
ST ALEI R — AN E R R RGO B B AR T b, MR RSk
AR R AR . EfR RS A R G, [ =K AR - 7K ST RE AR AR F e
T AR RS K IR 2 I . FARE P IR sk e LT 5
AT 7K 3 A 0 4 B RK Y BOR E S, InfE i iE (4-1) Fiow:

S =vyois — Ywis — Yorw (4-1)

FoAt yors, ywrs M yorw 73 7 & /[ A, oK/ BHARFNH/ /K B S RE - B
KGRI REE HIBE N, AR AR TR AR MRIER 4-2 FOTRE (1), FRfReerEgn
KL P B - /K SR 5K ), 42 S BCE A A 3R 1 S A ) T /KR, 7E NP3
A1 Janus W G AL .

(3) W AERERZL

TR E) A SR BE A AT B T R AR > S LB . FESEKAR Y, RS P SR R AL
K, FF AT A FERE R R AR AR /N o 78 OO 2R TG HE A 2R,
AR R 2 PR BIAFIFE R, WK 2 FiR. Eoikon NI T N R RE.

35



PEAMAY (£FR) TRPMIEX

R 42 ARBEBHPERERRS TAREE

Table 4-2 Cohesive strength of oil molecules after equilibrium stabilization in different

solutions
System Water phase NP1 NP2 NP3 Janus NP Surfactant
E(kcal/mole) -702.94 -523.18 -701.04 -468.31 -481.26 -660.07

£ NP3 1 Janus ¥, 1501 10 A 5800 B AR T Hofh B, PRI AE K
Ry AR 5 v . RS AR, AEKIRME ) NS Sy, (T 0

NP3 Fl Janus ZAKHLTFL A7 A B 4 IR B9 53R 2 IR ROR . H8—
B NP1 AT NP2 BORiAH LG, BATT AT LAAR G H I R E - /K ST b, 38 7K VR I
P, T B ATt K SRk 7y, Rk IR B A i o S E B, IX PR
R AT LY/ [ AR S T b 47 2 T AR ELAR A3 201 1ROl B 3R T, A A
TRIE R A 7T . 53R EE LR, EATRE8 H 55 7 11 N R 5
FE AL AERIFA L, X AR RIS 5 T 2L

EBRUL, FRATH T T AE U GKURL A VRER BT T, 25 A0 2 T R B ek g P
BIZh IR, 25 R, NP3 F Janus 4K RS LD B R HE 430 W B AE 5
R4« NP3 [RSE K BERBE K RE 53 50l 48 1 7K AH A AE , 2 I0AN Janus H90KE
MR, EIPEERNSEMA . 5 Janus SO BURIAREL, NP3 B A HALKIR
BIRCR, I HAE LI £ b BAT BUR A BOA o RIDFH R IR 2 D% 1 70 M e Jes v A7)
B 1) S PERIURL A i 5 LG8 57 A BRI 771 o 3K A B AN KR T P S 36 R SR R FH 42
L7 A A B AT 5
4.3 UMK IRH ISR FLIEA R 57 TR R
43.1 HEMESEE

b CAE Y] NP3 0 5 A A R R AT RAF IR B BOR, 32,
FRATT 28 G2 T o S U %o Yo SR LT P PR 4 I RS R AR

AT A JEF 10 T3 RO, ST SRR, JAE . 7K
FHEL A g ALIE AL A MS Bt Discover & LAMMPS ¥4 #E4T 14U
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Fig.4-6 (a) SiO2 nanoparticles (b) Carboxylic acid chain (c) Alkane chain (d) Reservoir inner
surface (e) NP3 (modified particles of carboxylic acid chain and alkane chain randomly
grafted) (f) initial system (not placed in nanoparticles)
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B 4-7 ARR BRI mRAE R FLIE P R IR A B (2)0% (D)1.67% ()5.00%
(d)8.33 (¢)33.33%
Fig.4-7 Stable adsorption configuration of oil blocks in reservoir channels in different
concentrations of solution; (a) 0% (b) 1.67% (c) 5.00% (d) 8.33 (e) 33.33%
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Fig.4-8 Density distribution of oil molecules in the Y direction in different concentration
solutions
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Fig.4-9 Displacement results of oil molecules in the reservoir channel in water flooding
systems with different particle concentrations (5 ns); (a) 0% (b) 8.33 (¢) 33.33%.
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Fig.4-10 Configuration at the oil-water interface in the SiO; tunnel at different times; (a)
pure aqueous phase, (b) 8.33% nanoparticle solvent.
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R 4-3 FLIERE L KA AN R R S8 B K S 5K 7

Table 4-3 Angle of oil on the surface of the tunnel and oil-water interfacial tension in
different systems
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Fig.4-11 Calculation of the initial model of the starting pressure. (a) Pure aqueous phase, (b)
nanoparticle solvent (8.33wt%).
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Figure 4-12 Starting pressure curve of oil molecules; (a) pure water phase, (b) 8.33%
nanoparticle solvent.
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Fig.4-13 Displacement results of oil molecules in the reservoir channel at different driving
pressures; (a) pure aqueous phase, (b) 8.33% nanoparticle solvent.
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