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Abstract

Coarse-grained molecular dynamics simulation is a simulation method between atomic simulation and
mesoscopic simulation. Comparing to all-atom simulation, coarse-grained molecular dynamics simulation
could un dertake I arge-scale dy namic s imulation. C omparing t o0 m esoscopic s imulation, coarse-grained
molecular d ynamics s imulation r eflect m ore m icroscopic i nformation. T herefore, t 0 a ¢ ertain e xtent,
coarse-grained m olecular dy namics s imulation ¢ ould make up t heir s hortcomings of both all-atom and
mesoscopic simulations, and build a "bridge" between them. However, due to short developing history the
incompletes force field largely limits it broad application. In this article, a new coarse-grained force fields
adopting for "non-ionic surfactant-oil-water-solid" system is developed, and the aggregation and imbibition
behavior of nonionic surfactants is investigated.

The coarse grained force field is built as following. First, the bond length and bond angle are obtained
from average and standard deviation of corresponding bond and angle of all-atomic molecular d ynamics
simulation. Second, the original non-bond interaction parameter applying to “non-ion surfactant-oil-water”
system is cal culated from every molecular s egment via N AMD, these p arameters ar e opt imized by
experimental solution density and interfacial tension, and then the rationality of developed force field is
further v alidated b y bul k a nd i nterfacial pr operties of c orresponding s olution. T hird, a ccording t o t he
wettability of s olution on s olid s urface,t he non -bond pa rameters between s olid and “ Non-ion
surfactant-oil-water” are obtained.

In this article, some applications of developed coarse grained force field are conducted. First, the
aggregation behavior of nonionic surfactants in aqueous is investigated, researched results are as follow: (1)
the ¢ onfiguration of a ggregations ¢ hanges f rom s phere t o he xagonal a nd | amellar s tructure w ith t he
increase of concentration; ( 2) the 1 ength of hydrophobic and hydrophilic surfactant segments ha ve
important influence on t he a ggregation numbers of surfactant, and the increase of hydrophobic tail and

decrease of hy drophilic he ad f avor t he i ncrease of aggregation numbers. S econd, t he s pontaneous
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imbibition is s tudied, calculated results are as follow: (1) the w ettability of c apillary ha ve i mportant
influence on imbibition behavior, and the increased water wettability will promote the imbibition of water
solution in capillary; (2) addition of surfactants in solutions would promote imbibition and displacement of

crude oil in oil wettability capillary.

Key words: Coarse-grained molecular dynamics simulation, Coarser-grained force field,

Surfactants, Spontaneous imbibition
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(b)
B 2-1 CyE, RUBLE &t 7

Fig2-1 Coarse-graining approach of Cy,E,

(a) the coarse-graining of all-atom Cy;E;; (b) the coarse-grained structure of Cy;E;
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Table 2-1 Comparison between water and ethanediol on some thermodynamic properties

Name structure AG'P AGM AG" AG

Hexadecane Octanol
water H,O =27 =27 -25 -8
ethanediol HO-C2-OH -35 -33 21 -8
(3) JHAH

FEXS AR FRRDRE E 23 18l D 2B dilb, O 105, R Epeke e D i Al (i e+ —
Be), AT H 2-1 R R R AR SR B R . CT CT2 Al CM X =gk AR
BB AR v s 18] (1) B HEX =Rl n] LA dtbeke HBE MM 454 . 18] 2-2 e+
R AR R, B 2-2(), KEINEGE C Ry, AEIIEGE H T, 8
W ARG A4 L 28 IR 0 B AR T

(b)

Bl 2-2 I+ hurRDRLRE 45 R 1k
Fig2-2 Coarse-graining approach of n-dodecane

(a) the coarse-graining of all-atom n-dodecane; (b) the coarse-grained structure of n-dodecane
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Table 2-2 Segment name and definition

RT AR R EIRT B X
CT CH;-CH,-CH,- 43
CT2 CH;-CH,- 29
CM -CH,-CH,-CH,- 42
COC -CH,-O-CH,- 44
CO -CH,-OH 31
w 3.3 H,0 60

2.2.2 fARE NIFZRIRIGHE

(1) BEMAREAEH

B w OO TR, FEAS ORI 43 7 8 Dy b, A T A B L
SRR, BERA AR RS s g e s A s th s, L RB N 1-6.
X 1-7 iR ARZRFZRBRSHNTAIRE, s IR . S AR #ae
SR SRAG R EAAE DL R L2

% —, H Materials Studio AR AR, AT T 913 ) F R

B, BT Tl )R A B A R AR R RRLRE 7y 4, R
A 3 (RREDRLSE 31 45 R 3 FH T e SIF IR B 1 R0

F=, EHALRERINRIBL AR R b, SETHHUR EER T4 K . B0

S0, RSP FIbR R 2 75, 331 1-6 A1 1-7 shERFAT EAE R 3 aE S 4K
K,~ Ry~ Kov 6,0

(2) ARBEAH EAEH

ARSC TR R 2 T P 300 D R 8 R TG VE R, A R A 3R o AN A e AR ELAE
L, Bk, R0k, ARAR TAE R A ARV AR POR AR B, 7EX SR AT
L-J AR RO FR Wil HAEH . AR D137 R rp BRI B LT AR (AT i,
L-J(9-6)H1 L-J(12-4), HHAGETEA X 2-1 F1xt 2-2 Fros.
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A, FCAERT P TR AR BAE F F L-J(9-6) B WA IR

AT TEA b RE 7 VEDS, (5 1) NAMD 8k, $0E AR BE 5 2 8 AH AR i
HRe g, RmldHsE, #4338 L) AaeS 8D, MR, .

223 HRE HiaS Rk

IR, AR R A 2 5 B AT B KRR 21 3 ) 2 A — &
FEUERATY), XU EIX b fih, RT3 P V245 B ANE T o Xt T2
SRR EI )35 2 Hit— L AL

SHE PR ELAE FH S22 00 7 P IR Y, BRI A, T A R 110 2 W 5
ANK o HURLEE 537 P A B A £ B th & SR S5 2 KM A 3, 45—
FEAT LA A JE AT SEIR o B EL RSB EAR R I 2R e T 52l AR 3, X
W EAA AR BAE 28, gl L) P i D, MR, o« X — 1 R BT ik 1)

FMPE R B M Gk Ty, Tl 2 RS, AT BAR AR 1 AN ST K
Fa B R AERAY G, XS T N SR R . 3R 2-3 KA
FHA I 5K RS JSE (P REDRE AU 55 S SR AR KR L, 3 2-4 S il ST 5K 7 FRPRDAE A
PUE 5 SRR IR Lo ISR 2-3 M 2-4 W LLRIL, HURLEE a2 8ii )G, s
B FAAAH B S B SR H I A 75

F2-3 AR WARFRTETK A R B AR BE LM 55 SR A O 3 1L

Table 2-3  Surface tension and density of the CGMD for pure component systems

Surface tension density
System Interaction
exp CGMD exp CGMD
Water W-W 71.20 70.71 1.00 1.02
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Surface tension density
System Interaction
exp CGMD exp CGMD
Alkanes
Pentane CT2-CT 15.49 16.25 0.63 0.63
Hexane CT-CT 17.43 17.30 0.65 0.65
Heptane CT2-CM-CT2 19.27 19.58 0.68 0.68
Nonane CT-CM-CT 21.94 22.07 0.71 0.70
Decane CT2-2CM-CT2 22.92 23.02 0.72 0.72
Dodecane CT-2CM-CT 24.48 24.25 0.74 0.72
Ethyleneglycols
Ethylene glycols CO-CO 49.01 49.56 1.11 1.10
Diethleneglycol CO-COC-CO 48.86 46.47 1.11 1.11
Triethyleneglycol CO-2COC-CO 45.8 47.33 1.12 1.12
Tetraethyleneglycol CO-3COC-CO 43.53 46.96 1.12 1.111864
Ethers
Dipropylether CT2-COC-CT2 19.46 19.26 0.74 0.73
Di-n-butyl ether CT-COC-CT 24.10 24.35 0.76 0.77
CT2-CM-COC-CM-CT
Di-n-hexyl ether , 26.60 26.34 0.79 0.78
Di-n-heptyl ether CT-CM-COC-CM-CT 27.40 26.61 0.79 0.78
Diethleneglycoldi-n-
CT-3COC-CT 26.07 29.87 0.88 0.88
buylether
Alcohols
1-Propanol CT2-CO 23.80 23.32 0.80 0.80
1-Butanol CT-CO 24.93 24.17 0.81 0.82
1-Hexanol CT2-CM-CO 25.48 25.61 0.81 0.81
1-heptanol CT-CM-CO 26.59 26.27 0.82 0.82
1-Decanol CT-CM2-CO 28.51 28.16 0.83 0.82

16



H AR (RO 2R S

K 2-4 K SRR A BORDRL B 5 eI (i3 L

Table 2-4 The interfacial tension of the alkane/water system obtain from CGMD and experiment

Interfacial Tension (mN.m™")

n-alkane Interaction
Exp Fitting CGMDI CGMD 2 CGMD 3 CGMD 4 Average % error

pentane CT2-CT/W —— 50.03  49.01 49.60  52.10  49.02 49.93 -0.18
hexane CT-CT/W 50.38 50.40  50.56  48.15  51.92 49.522  50.032 -0.72
heptane ~ CT2-CM-CT2/W 50.71 50.77  50.04 50.792 49.842 49.852  50.132 -1.25
octane CT2-CM-CT/W 51.16 51.14 49.08 50.68 51.17  51.22 50.54 -1.17
nonane CT-CM-CT/W  51.63 51.51 5198 49.66  52.18 51.40 51.30 -0.40
decane  CT2-2CM-CT2/W 51.98 51.88  51.71 4994 4994 5047 50.51 -2.63
undecane CT2-CM2-CT/W 5225 52.25 51.38  55.51 51.95 53.11 52.99 1.41
dodecane  CT-CM2-CT/W 52.55 52.62 4998  52.12  51.38 54.77 52.06 -1.06
tridecane CT2-CM3-CT2/W —— 5299 5238 5290 54.07 5523 53.64 0.76
tetradecane CT2-CM3-CT/W —— 5336  51.12 5045 5298 53.50 52.01 -2.53
pentadecane CT-CM3-CT/W —— 53.74  55.07 4993 53.80 52.18 52.75 -1.84

2.2.3 fARE Hi5SEB95EIIE
N T B I BRI e A EE, Gl R S K % s s Bk AT G
P T S A K S R TR I RS R A s g, ahK S 85 5 0 A, 2210

PR TR I 7K T P W B S5 A 20 5 512 60 i it 1 RS AD BT 45 2 (1 45 SR EA TR LE

(1) S ERIE

R 2-5 HPey TR RO Bbele K BT IOR B0 SE 8 K Martind 3745 21 (1 45 R0
tE, Joitse Martini J)33d 2 JATIIT A0 ) 3943 B 45 R 5 SERAE#ATAE — € I 2281,
REEE R TR R P T R BE AR T, IR RN REE R R G T,
R AR SEREULA5 2 0 45 SR U A S0 (B0 n] BN o B 2-3 45t T AR AR el
BNy (R A [ A o8 R 4 I U 2 IR 25 R IR LU AR RV AR 17 23 A R B30 AT
FATZE s (B n] LU HHREDRE SE R IUM A B 1K) 42 i) 7317 PR R 4 i RO 21 1 45 R B 1R

5.
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Table 2-5 The self-diffusion of water and alkane compare to the results obtain from Martini and

experiment
Diffusion(10”cm’s™)
System Interaction
Exp? Martini  CGMD
Water Y 2.3 2.00 1.95
hexane CT-CT 4.0 0.70 5.72
octane CT2-CM-CT 2.0 0.60 431
decane CT2-CM2-CT2 1.0 0.35 3.14
dodecane CT-CM2-CT —_— 0.30 2.51
tetradecane CT2-CM3-CT — 0.25 1.71
hexadecane CT2-CM4-CT2 0.20 1.66
octadecane CT-CM4-CT 0.3 0.20 1.27
eicosane CT2-CM5-CT — 0.15 1.22
“Experimental values extrapolated from temperature-dependent data.

———AAMD —— AAVD —— AAVD|
---.cGMD —— cawvp) —cevp
* 4 151
S S0l S0l
CT2-cM
, o
Py 00 o 10
r(nm) rom) r(m)
AANDI ——AAVD
—_cevpl —— comp)

a0

Bl 2-3 KRV &4 A AR 1) 20 A BR g
Fig2-3 RDF of the pure octane system
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AABVIRICER « AT, N R 1 70 7 K S i AR 4 2R 5 J. Chanda et.al.
(OVR; FH A i1 RO 280 (0 8 SR LU 30 TE B R R 1) 0 3% W) LARS A BIRIE 8 L THI M o 554
R & 2-4(left) Fizm, TRRK/NE xv y. z J71A) E2r 5104 50A, 50A, 160A, £05 120
ARG PEFR(CI12E2) 1664 M/KERT 832 Mike s+ (Z8bi) 1 e W1 ah B | Smart

................
®2%°0%°0%°0%°0%°0%0% 0
(EEXFENENENENRE R N ]
eceocpccccenconne

M A gAR sAk A% At sat At

B 2-4  RImTE AR K S B RIATaA R R A R A AR A

Fig2-4 Snapshots of the configuration of the system near the beginning (left) and at the end (right)
of the surfactant/oil/water simulation. The beads coloring scheme is, decane, gray; headgroup of
surfactant , red; tail of surfactant decane, green; and water, purple.

B2-5mh g5 T RIS YEFIAN R AL 73« K B i) BE AT 1, % E o3 A ] 5 2 i
G TH T 50 3o 7K R TR Ay SRR > ©OVi — 300y o 5 B3 A 14 3 BERFAE A 2 TS
FUBIZR AR SRIEAT T AAR A R AL T o TR I 1) #4J2 J J52 FEE Bt I ] ) A
h £kt E2-6 TR, T H BT R 3. 0nm, 54 R TR 2145 R (3.08nm) A
WG a8k, BATVHSE 7RISR 2 ST 9K 70 82,15 mN /m, b5 47 RBEUL K &5
H(2.00 mN /m) [FAFEY) 4.
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Fig2-5 Number density profiles of the the CO bead(OH), oxyethylene groups (E), hydrocarbon
chain beads (C), water, and decane molecules, measured with respect to the center of the simulation
cell and in the direction normal to the plane of the interface (i.e., along z) as obtained from the

oil/water simulation system.

44 T T T T
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Fig2- 6 Time evolution of the thickness of the monolayer during all dynamics simulation time ,The

calculation is done by averaging over both monolayers
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FIt7s, 3 ARG SRAG N ER 1 I B Aa A ae S 8. S S i e S B8O AR AR HLAE
(L-J A Re i) S50,

R2-6 BREFAGKSE

Table 2-6 Parameters of bond stretch potential

Bead-1 Bead-2 R><R> Ry (A) K, (kcal/mol/A)
CT CT 0.042614 3.79 13.89
CM CM 0.037833 3.72 15.65
CM CT 0.042495 3.73 13.93
CO CO 0.015866 2.35 37.31

CcocC CcocC 0.068498 3.21 8.64
CcoC CO 0.031900 2.79 18.56
CT CcocC 0.067920 3.46 8.72
CM CcOoC 0.055390 345 10.69
CT CO 0.036388 3.07 16.27
CM CO 0.037560 3.02 15.76
CT2 CM 0.026770 3.14 22.11
CT2 COoC 0.037856 2.92 15.64
CT2 CO 0.022932 2.46 25.81
CT2 CT 0.025092 3.20 23.59
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Table 2-7 Parameters of angle bend potential

Beadl Bead2 Bead3 <(92>.<60>2 Oy (degree) Ko(kcal/mol/radz)
CM cM CM 0.068886 153 8.59
CM CM CT 0.099235 149 5.97
CT cM CT 0.086271 150 6.86
coc CcocC CoC 0.093818 147 6.31
CO COoC CO 0.084868 136 6.99
coc CcocC CO 0.083552 148 7.09
CT COoC COC 0.113382 139 5.22
CM CcocC CM 0.071303 147 8.30
CM M COC 0.100948 151 5.86
CM CcoC CcocC 0.085575 146 6.92
CT2 M CM 0.075823 156 7.81
CT2 CM CT2 0.075238 158 7.87
CT2 CM COC 0.084499 151 7.01
CT2 CcoC CT2 0.096736 143 6.12
CO COC CT2 0.114868 143 5.15
CT2 CM CO 0.089815 150 6.59
* 28 AFBRMAEERABGESH
Table 2-8 Parameters d non-bond potential (Van der waals interaction)
Bead-A  Bead-B Dy (Kcal/mol) R, (A) L-J form R, @A) T(K)

CM cM 0.432 5.23 9-6 12.5 298
CM CO 0.400 4.58 9-6 12.5 298
CM CcocC 0.380 5.02 9-6 12.5 298
CM W 0.348 5.18 12-4 12.5 298
CO CO 0.466 4.18 9-6 12.5 298
COC COoC 0.40 4.90 9-6 12.5 298

22



H RS (AR Bl 221 S

x28 (8B
Bead-A  Bead-B D, (Kcal/mol) R, (A) L-J form R, @A) T(K)
CcO CcoC 0.440 4.54 9-6 12.5 298
CoC 4 0.812 5.03 12-4 12.5 298
CcO W 0.678 4.67 12-4 12.5 298
CT2 CT2 0.315 4.80 9-6 12.5 298
CT2 CM 0.370 5.02 9-6 12.5 298
CT2 Cco 0.360 4.50 9-6 12.5 298
CT2 COoC 0.330 5.05 9-6 12.5 298
CT2 CT 0.385 5.01 9-6 12.5 298
CT2 'Y 0.281 4.98 12-4 12.5 298
CT CT 0.470 5.22 9-6 12.5 298
CT CM 0.443 5.24 9-6 12.5 298
CT CcO 0.43 4.55 9-6 12.5 298
CT cocC 0.425 5.20 9-6 12.5 298
CT ' 0.358 5.19 12-4 12.5 298
4 4 0.910 5.15 12-4 12.5 298
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FRIATT Wi R IET e Bitliial, KEH CoEy XM A B TS 1k 7R g 3 771
Feg G PN 14T ) ] A 38 T AASEATh 1 P L AN BB 45 4 o

(1) ZAHATHAH

FEIXEL, KRN AT FH (RRURE B 450 55 2.1 vl B 1 2R TGP -3k - K A ZORLR
D133 k7185 7 A CL AR IR BR 7 2 AR TAE 0 )3 2408 Sarmn—30, 16

23



S MR T 1 It R

BEAMBE A A

(2) RIMHEPER]

RN A I ) CoBy IXMRREAR B 3R G e, [RIRR A ] AR B - v
F-M-ZKARZFRLEE Ty 3 T B R S8 eE . AR CT. CM. COC. CO X
PUFf R 7R A Ao

(3) BAIfLiE

Bl 2-7 RIALEFLIESH
Fig2-7 Coarse-grained capillary channel simulation model

HURLPE B 40 FLIE A @ 72 /2 F Materials S tudio #PFP(¥15 A build TR &4
Mesosturcture FESEILN), RADEAN: 25—, M build T HAEE 47 S ARG
b, KRR, ULATED, MR R AR T K 42 sy 454 =20, 1] Mesostructure
TR Ay i [ AR A AL O AR BE S M s SR DU2E, KUK R PR eAE i, st
FLIEZ . 18] 2-7 JpRURLEE FLIE S5 s
2.2.2 HARE NIAMIRIS A

TEARBRAR R, EEERAH AR ZAK W RIS AL W] AR AR
M, AT, oK. il RINETERX = Z A AR S 2.0 =540, 24
P AR B 7 R PR - - AR R AR I AT B . DL, A RS AR AR HADRE
J& I35 AR AR &7 R PRl - K R R AR L Ikt B, #bEoK, il RIS
P75 FLIE 2 18] A AT T 24

K RIS PR FLIE 2 W) (AR AR I S 8 E A e, X T i s
AV SRR A AR HURE S5 o TR AR T 55 il ) 70 7 S AT B AN I, [
oA RBESL Bk 4RI, IXPPERIANREN] 2.1 P (5 R SAT AR BAR AR A

24



H AR (RO 2R S

BN — ANPGRS R WA EAE IS 5 2 OCH S o [ AR T R R A R A [T
FHE AR I B 1) — AN S, AR PR BT IR A, A A s e 8 A (K B ) 7 [
PR TN AR R AR . 0 Tk B, AR50 by S /K PR i AT S v PR ek, A A
R PE e, ORI A B 25, DA ST B R RAT R 2 00K v
VER— D EEA I T A

TA TRFER A A A VP Ak A 5 3R T TRDAE B FH ¥ 2, 38 3 U /K R 7 [ A
T A A, SR SEBIAR ELAE S B0 A . R A B0 5 [ A3 i 2 [R) A AR B AR LA
H, BT AR U2 L AR 28, RV 151 K A /K ik P 5 [ 44 2 T iR AR B A
PR T /K A 5 A 2 TR A ELAE TS K BRI AN I SEBR I 2, TR H e
A TAE AR S T R A, B AT LA DL boRe 2%/ i /K ik (A1 5 2 T RO AH LA T 2 8000 K
b5 ] A 1 ) S 0 A [

i LRTIR, A RIBWARRNIRLE S35 250033 50 R

G, TS ARKIBWRARSR, 8 ST NFIER A, BR TR A g -k - K
Z ) CT. CM. COC. CO MW TR 12 Ab, I 7 SN IS £ LA 45 4 ) i A 1
BRRAS;

%, CT. CM. COC. CO M W X FAER 7 [l A A EAE 250 5 2.1
NGHZH 8, R S H5HAL S hEk T MM EAEHSHEREA R, JEH S 5iXS
MR 2 0] AFAE AR AR LA

®=, ¥ S5 CoC. CO. W WS AR IS HEa L —2 # S 5 CT.
CM I AREEAH AR S H0E B o — SR T ZE R A 78 AR B AH TR T, JEp A
ZH0);

S0, UL S5 A TR AR T, 43 R AR R IRE AR R T, B W
CT. CM 5 S Z [a]f#) L-J #HES 40 Dy(IREK 1+ j IR ER T2 [0l L-J 466240 Do), 37
REORLIE 531 2 3 R, AR K AR AR T ie— e R/ el Ay, I A7

B, RS Dy, BHATHURLEE 7> 78 )i, Al KBl AR AR, KR
B KB A5 S HL Dy Z IR RR R G R

JE, BEZH Dy SR A Z AR N R, k2.1 9 CT. CM. COC. CO A
WX TR R T A EAE IS5, 3K AU 138 F T AN IR 1k L 45 44 (1 REDRLFE )
WBHL

25



S MR T 1 It R

223 MEAREEEERE KRR E
M KT RE e FH AL = I SE AT R —, B IR [ I HAE o
s> Og SIS 0 Z AR, JRFRIEE L, sk 2-3 P,

P9 7% _ cos@ (2-3)

Oy

Ferp AL RS E HBE oy o RAEBU R PR E AR, A2, Dy
FEAAPLRL R AR S B 5 S AT RS, I A Dyl AR S H ) E i RE, 2T
DAREME A 00 FE AN R 1 B A AL L 1 Dy BB SEIL . Dy LRI &] 2-8 x
BhARKR P, JeA 1] 2-8(a) 2 AR AR S 7K AR BLAR 250 Dyws B 2-8(b) 2 AR [ 44 55
A A B2 Dyoo

~ 100 i
<
C st g
60 - -
40 - -
20 -
0 1 1 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
D_ (Kcal/mol)
SW

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
D_(Kcal/mol)
5o

(b)

Bl 2-8 “PAPIRFFHIIEE A
Fig2-8 Static contact angle
(a) adjustment of L-J potential parameter between solid and aqueous phase; (b) adjustment of L-J

potential parameter between solid and oil phase

26



AT (A B R

AT E SRR P S HOHER L SCR R T, BATT T 531 B 01 E RS A 1P
B, AT EE RN E 2-8 s &l 2-8(a)yrl LU H, MIE44k-5 K 1A AR FH 2 808K
s PR (1 7K PRV #1132 S0 k1N o B A T A0 2 T P 1 T ER g K e i SR /K PR3 AR
ST 0.15-0.20 Keal/mol BT & /K IERE 5 ATERE ) — >0 B s K 2-8(b) AT LAE H1,
A 5 3 A ELAE PR T, TR DR 245 T e R 0l A 0 A /N, STk ] 4 2 1 1
JR TR [ SE M PR A, BE 0.20-0.25 Keal/mol BT 2 iih i 55 AN 1 73 F 1o
K] 2-9 SRR AR TN M I Bh SRR, I 229 nTLLEH, Yl kS K e S
AR TR S 2088 A RIS, T A 78 A (R AR AR K, e 2 A Hh e W T
180°3Z M 1K1 BISPHPIRAS o AABHULZE Rn] LIS H SO [ TR PR A B AR Y 2 Bk 1
[ A T PR M S B o DRI, R A 3 B TR (AR LA S 0T T AN
DA P 1 [ AR T

180 T T

= 0.05
= e 01 7
A A a 015 J
ARSI v 02
T RIS TR 2 asag ¢ 025 7
e AT S ey < 03 ]
B L b b T > 035
0 1 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 )350 400 450 500 550 600
Ti S

0 120 ) |
=h 4
g = 0.05
gg 100 o 0.1 7
'g 80 N ) a 015 _
= L _ o g % S v 02
60 wﬂ < J ‘4».-“ < < 4“ ZEEIRRE ‘4‘ s 025 -
ol > B bbb S < 03 i
BB » 035

> ool [~
SRR =N
B N g NS NN A

20F S e e e e -
1 1 1 1 1 1 1 > 1 1
0 50 100 150 200 250 300 350 400 450 500 550 600
Time(ps)
(b)

Bl 2-9 A BE R R A93R4L
Fig2-9 Contact angle as a function of time
(a) adjustment of L-J potential parameter between solid and aqueous phase; (b) adjustment of L-J

potential parameter between solid and oil phase

27



S MR T 1 It R

2.4 IKE I

/SR liB U3 TR VRO P (AF N R R Ay (A e o S R R DA S VR P S A
RLEERTUEAL, 2 G BIRgT Tk, e TR A MM B 24 ] NAMD 81
S A FEFEE 0 B B e g, SR TARAN AR 2 8. R iX L T3 250N 2
Materials Studio #{FHHREATHIREEEREIEL, 38 15 AR AT 5 J5E B ST 5K B L
L 2R ZHUNAL, FAFHRIE 13, S UG 2K LU A IR 5 S 5 i
LSS SRS, Sk TS GBI IR 135 T A5 ARG Tk
WESRAA LI TR SRR SR OB B S R AR SR RS A B 1 R A R e — L8 5R
=

F SB AR R FRURLE F1 3701 R AT HERE B ARSI BRI, I 0 It o <5
S B N SR o A SCRAFE A AT 0 B AR BEAN LA I S B0t 0 T 48 AR AT
HBAFHZEL KL T ANFERERRE G T2 RURLE S5 R R AL 2

R LR RE IR, BT AR RS -yl - KR RN BB AR R BT T
Yot ks, ISR T A BN AT T R 5 A B AR, LRI 7> 1Bl 5
WIEE A e AT e SR X

28



AT A B RLE

F-HF EFETFRAGEHENEKESRTOEEITAH
3.1 318

RIMNE A 0T HA PRGN, EH/K RGN T, 3R i M K R
R KT I F B R B (Crritical Micelle Concentration, fajFK CMC)H), R THIGE 77 4E 7K
RABR. RIEER ARG AT WA, KRR SKEE R, HiKkE
A 5K . R T E AT PR R S5 RRR O 4 7T P A A 1R TG 71 1
AFPHEHAAAETEA R, AR, FRRIR . WA 2. RORREESE . A
R AR AGEN 22, eSS S A B2 R R A .

X T TP AERIITIIT, S286 772 L fe WA TE SR 20 it 255, AR M35
NSRS HIOUAE B 2512 130 1 AU EAR R R O AR B, (H AU R — I AE
KRG, ANREHT THEFUX P R BE A ZR o TRUREE 23130 ) A AUl A i 50X b
SRR EERIR R, A B T 75 3 00 1 770 SR B AT 0 I OU B AR RS . 1 iR SR AR T
S

AT HPRURLEE 73178 A I %, RS b e/ 4a i)« AR B3R s 4 771
-M-ZKAR R D137, DASRAR SRS B B A AR B 73R s R A M D I &, 23001
WL TIRIE 2R K B 2R T R 77 SR AR AT A R 520

3.2 #RIUFE

(b)

K 3-1 CuEsHRESEHRERE
(@) CieEs R FEMMRA;  (b) CioEs HURLEEARL
Fig3-1 The coarse-grained molecule structure of CysEs

(a) the coarse-graining procedure of CisEs; (b) the coarse-grained structure of Ci¢Es

29



S =5 AR AR NS PR K R ERAT

PR BEEMAIEAT, BT N bdE- TR AR S IE(RIRR CiEs)fE AN %, #A73R0M
TEPEFRTCRE T e 3 10% 20%- 30%- 40%. 50%- 60%- 70%-. 80%HI 7K I B b
Ry WPRGKEER Y, ME# CiEss CioEsv Ci3Ess CigEss CioEov CioE CpoE3 I
CroEs AKEIAL, Fl eI EEIR B 48 L 0.7% A8

J Materials S tudio %f (] Mesomolecule T LA 2 10 3 11 70 (R RHLRL S S by, 14
3-1 BA Ci6Es M8, JE 7 1AM S e T FH AR5 Ao 88 3 T 2 0] (R REDRE P 454 14 3-1(a)
A CieBs BT LI, 1B RS QR IR E N — ANk, Fon i TR 2R 7
ko=, Hdh Al H T, KEh CEF, a6 0 JiT; K 3-1(b)4 Ci6Es
FHRLE 25440 o

FEORE 25 M R e 52 2 I VSR 8 IR Ry PR S K Bk 1t
Materials Studio {1 1) Mesostructure " H A RHRLAY 12 1 7% P 770 R K 42 e — 5 LL A5 Bl
WUHE T A PE G 1L, 23 BRI S AU AE K TP B AL 2 A (R 40 A R, ] 3-2 L 10%
(¥] C16Bs ZAKEHUAHI, JEIR T AR R INAIIARIAL,

Bl 3-2 RIENE MK BB SRR

Fig3-2 The initial simulation model of surfactant solution

AFHIEA B 2 5, TS B v A A R TS R 709 - AR DR B ) 3 4 A &R
TR T I mZE, #AT 2 0OURIE, BRI R EIA BB E IR LT
etz Ja, M Z 3, AT g, AWt sl ) ik NPT REE,
MWEEFEHI 298 K, ROy 1 atm, WP 10 fs, BEAMARBAIN ] 20 ns, 1EH
Nosé #7772 Berendsen #8777, Bk-1[AIAH FLAE FHARMT 4200 12.5 A.

30



H AR (RO 2R S

3.3 HFR5HE
3.3.1 REIKE CI16E5 BB ERS

K] 3-3 &K R 2RI 20 ns ) ) RS A3 B RS E M B o KER T 78 R AE A F1H
G, AT S A BN RIS TERI R R, 7RI 3-3 FrR K Bk R

MK 3-3 Pl g R a LLAE 1, IRKREE(10%. 20%. 30%. 40%) I, R IHVETE
TR AR BIRAR I s T BETE— 1 K (50%), TEAR Jlr £ RV s 45 4 AR B 4k B3 K. (60%
70%- 80%), FEAER A IR, . Bkl &0, FERDRL BTN 7 1F 74 TG 770 E /K
T SRARAT A, BEIRIERIK, RIRETEFIR ARG SMIRE D] T <BRIR-75 APIR- 4R 1
AR FE

T2 ERAN [ SR SEAH [V AR TR i R 2R, dn 3-3(d)R 3-3(e)fh &R, T LURIL A
PRCRLIEAR AR, W 3-3(d) AR T AR AT RS KIS, 3-3(e) AR THINAK
FEAMSTAFAE AR Z NG FTRGIE, H ARG S o

AT BT L A S S, JEBOREE R 30%. 50%. 60%[KI1R R, 4 FIx BRIk
ROk BRSP4 A b & R B BR T I B FE A A EAT T 40 #T, il 3-4 Bios. Mo,
BOIR G S IR0 (035 B2 o0 A, RIR G5 AL VR 10 (108 8 201 IR G5 A A vk 1) 1 %
&3 AT o

ME 3-4 TLLEH, TRREBRIRGE . HOREM, IEREDIREE M, KB A ek
IKFEF(COC Bk 7RI CO Bk 1) RAEM XIS, 1M fEG/KEEFI(CT BRI CM 2k )RR X
AR DK IAFAE . KPP LG RIL T B S RRE SR AR B K AN o BT P 7SR K L 1A
5Ky ORI 8, TR RGBS K o o RS, oAl s K e U 5 K 1Y)
FMAER . A T BRI RE, ARG, REEMERISKEE B & A RE, Bk
SRIKEERAS oK Heful KRR R N SRR AE — R (R 4l He o IR AR BRI (R B K BN 2 7
SROFFAEIKA T TE A T2 R AR A S A

JURIRE B [ 25 JE oy A il e vh, RIS HEFK) LSS R I ) KA, X SR 250
FIFRIEAT A SR K o B/KSEBIIRAE AT &, CT R CM PR 125 BE 1R IR (0.7
glem’® Zi A7) GAIAR 35 BB, X U] CT A CM BE TSR 4E 1 DR AC_FAH 2 T4l
A, XA G — A7 T B R LA AR SR B K 1 o 7K 5 238 K 1 I R 4 A
I AR T D 2R U0 W 2 T % 2 R Uy P 79 53 1 4 5 LA /K v B 2 (R SR AR AT 2 L A
K

31



S AR TR A R IAT )y

(® (h)

& 3-3 ANFEWRE CiEs TR FIRERS

Fig3-3 Aggregative form of CsEs solution at different concentrations

(a) 10%: (b) 20%; (c)30%; (d)40%; () 50%; (f) 60%; (g) 70%; (h) 80%

32



AR (RO W25

20 T T T T
- CT
v--CM
4-COC
1.5 e CO —
— = water
g
=
3,1.0—
0.5
0.0
0
20 T T T T
+—-CT
v—CM
| A COC
154 | o—CO 1
_ E =— water
E 1
2 0 L
.gm‘ ! ‘ﬁ wwﬁfﬁﬁ*#*“Wéﬂa%w
‘ ‘w i ¥ "’ﬁ*‘\"_ I
05- ; -
| Pians oY
PAC T
0.0 =2 POV
0 1 4 5
r (nm)
(b)
12 T T T T T T T T T T
——CT
1.0 —v—CM i
—4—COC
——CO
0.8 —=— water T
=
o
ED 0.6+
z
&
R 04
02 |
00PE
0

Bl 3-4 ARBASTHFPAGHEE RN
(a) BHREEMA; () HREEME: () BRELEMA
Fig3-4 Density profiles of different molecule organized assembly

(a) spheric assembly; (b) cylindrical assembly; (c) stratiform assembly

33



S A TR AV A BT

332 CIl6ES MR EITE

BRI 1 70 SR B R R AR P IR ) A R, S 6 110 7 V2 LA OWL % 2813 Tt 2 7))
THFPH G RELTE, XA R T AT U RN 143
JIEAT MR AP R AN — AN A2, FRATT AT LAAH S SR TS PR SR AL R, 6 SR TG
PERIZREAT N BB WL SRt — 263 W . B, IKRIEN 30%. 50%. 80%HI1A R HLK
T PR 2 S SR A AR N AR ARG K, FEAT T, 0 IX = Mg AR R
S FRIEAT T R

XFHRSE N 30% I BEAMA R BEAT 70 BT, BRARIRA A SRR I RE AN I 3-5 Fross, BN (]
M 0nsy 0.2nsy 0.5nsy 1ns. Sns. 20ns. 4 T B REGHE, FKERFRISEK LI
Ses, PR MR CoeEs MK R BE -

|

Bl 3-5 BRI HRELE

Fig3-5 Aggregation progress of spheric assembly

MIE 3-5 A%, Ci6Bs 93 TR VIAE KA BENLI AT 9340 SR)G, Ci6Es o T K AR,
JERST NI Bl )5, MR A TE ORI AR IR FEE R e RS o X2 BRI

34



AR (RO W25

AR B T Pt o AU OR th VR 22 /NIRRT B 1 AN I — N ECR AN i A
PUARTE MR 7, X5 Tadjer 25 NIOBFGT 45 18— 50

XPIRIE N 50% I BHUAA R BEAT 700, N ARIERERI TR A 3-6 o, SeHOn A g
J30nsy 02ns. 0.5ns Insy Sns. 20ns. ZKERTRSEAKIEM B, KO E
Ci6Es B /K ik SRR B -

Bl 3-6 NARRELRE

Fig3-6 Aggregation progress of hexangular assembly

ISR ISR FR AT 23 g DUASE R o, 0 BRI PR 7 Ak o 1 R 4R,
T R BHHL o A (R ERCIR R R (T 3-5 1 0.2 ns); ARJE, BRIRIRHOEHT B, AR s
HUR/NZH(0.5 ns F1 1 ns): F Rk, FRAREUE SUR/NR RS 7E—#, WP B Roe H
SEATHESIIRI /S APIR AR A s B, W10 U (75 A R 3 s PR IR K (R 4 R HE
FIV NSNS ns ZJ5)o

Xt Ci6Es B, MIRIERT 60%I TE Rz RIB i 45 M . [ 3-7 JEoR T 2R
CERIMSRAERIRE, D BORIEMT, B KER T RISEACGKIE RO, RO RE Ci6Es MK
(e (S

35



S =5 AR AR NS PR K R ERAT

MRS 3-7 13 AT, KRR SRR R 7 W ISP IR 528, BN
AR TG A 20 7 2R A AN AR (0.2 ns, AERAR, B HRUIR . BIOIRSESE); 55
A BRI N ARAN LIRS, B = EPAREH4(0.5 ns); B8 =20, = 4ERPRIRES I
BET BN IR, HRES R WA RE?, HEREREAYR, R <3017 ns M5
ns); HPUD, ZARGHIZEETARRS EINEF-F . JEEI2I(20 ns).

B 3-7 BRGWRELE

Fig3-7 Aggregation progress of stratiform assembly

3.3.3 RRIF/BRKER REEMETIRETHRIZNME

WFFUR K BE KO R s VAR ERAT A IR, i LS AN RO 5, U Rk i
JEF AN B 0.7%IK 5 T 2R s PEAR SR ERAT o 18] 3-8 W ANIA] R BE KRR i 1
AR AR B, 20 ns JRIE R E REL S

& 3-8 RO IR TN BREHUK RHE, W OER T8 L5, L OER TN R K A
redk. MBI AE Y, CEs R, RIS > I8 R B, R DR fr bt
L ARES . M0 CioBs« CisEss CigEs KRR, RMFETER 2> 7 #0% A4 724, TRk
WA 1Mo Hon] AW A, Bl R, R U ERIRI AR ST BT K. 3X
FULIAE CAIEN AR DL F AR B RBE G KK

36



AR (RO W25

&l 3-8 ARBAKREEKEREE HEHIKRERE

Fig3-8 The aggregations of surfactants with different length of hydrophobic group

(a) C/Es; (b) CyoEs; (c) Cy3Es; (d) Ca6Es
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Table 3-1 Aggregation number of surfactants with different length of hydrophobic group
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C-Es - - -
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Ci3Es 12 (25. 21, 19, 19, 17, 17, )17, 13, 11, 10, 10. 9 20
CiEs 10 (28, 27, 27, 27, 17. )17, 12, 11. 11, 9 25
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FEA AN R BT 5 IR TS P51 207 N FESETHRE AR B A IBOR IR SRR M H
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Table 3-2 Aggregation number of surfactants with different length of hydrophilic group
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Fig3-12 The average aggregation number as a function of the length of hydrophilic group
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Fig4-2 Imbibition height of water in capillary channel with different wettability
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Fig4-5 Wettability alteration of rock surface with surfactant

(a) without surfactant adsorption; (b) with surfactant adsorption
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Figd-6 The capillary imbibition affected by the change of water/air interfacial tension
(a) the initial snapshot of no-surfactant model; (b) the initial snapshot of surfactant solution model;
(c) the terminal snapshot of no-surfactant model after 500 ps simulation; (d) the terminal snapshot of
surfactant solution model after 500 ps simulation
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Fig4-7 The adsorption progress of surfactant

(a) Extruding adsorption; (b) Direct adsorption
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Fig4-8 Changing Curve of imbibition height along with simulation time
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Figd-9 Imbibition oil recovery affected by surfactants

(a)(b) the initial and the final snapshots of model with no surfactants;(c)(d) the initial and the final

snapshots of model with surfactants
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