FESES: TE39: 0647.2 R, 10425

=2 2. 510101028

¥ & L& AT

it = g X

China University of Petroleum Master Degree Thesis

PR FREE R R R R SRR AN IR IS TR R

Theoretical and Experimental Study on the Salt Tolerance

capability of Anionic Surfactant

R AR S A
WIFT7 T : AR b AR b
B2 % 9

PSRl K E 4

—O—=% A



Theoretical and Experimental Study Study of Anionic
Surfactant Salt Tolerance Ability

A Thesis Submitted for the Degree of Master

Candidate: Zhang Yang

Supervisor: Prof. ZHANG Jun

College of Science

China University of Petroleum (East China)



KT F AR ICRYIE 6 4 7= AR

ARNFEF Y Br A SEA NAESR FEUMR 5 N O ATHT I AR AR
JIR S 18 S R BRI EE 2 SRR IE Y o SRIRFIT AR, BRSO T2 AARVE IS Ab,
ARG AN B2 R R B S I TR, A S A N mlidth A D 3045 A
Keg (4O BB A MU A A7 8z Pk A5 iy A i AR . 55 B[R] AR 9 [
XEWIFFT T AR AE AT DOk Yy CAETR ST At T B B

AL LA, ANEE AL H ST,

S A B4 e

FALEIER RS

ANSEE R B RS (4O AR IA AR 3 (RS EAN IR LB R AR
AR S AT SNBREAR T R AAIRSC, HHUE M B SAT AT (I
SESNEE A3 WP D R o N Sl B R P B e/ VA (s VO W 2 e VA7 e TN (=1
AELED, A5 5018 SO Al ml il 70 P9 A 9 AAT R B R AT A R, SRR . e Bl Bl
oAl 52T BURAT A AL 3

DR A Ve SCAE AR i (R A I AL

EAR A H B B = H

o P AN - H 38 * A H




w E

TE i SR, B 7 R S RS B TOHL SR 257 i e R AR R T BON, A 3L R
TR RO, AT A 32k 28 2 T PR ), AHTN SR AL BE A W, vt TR RO B K
YT, AR SCIR RN DL I 7 AR TR R R R R Y (SDS) AR LM H
FEREREBR R IR (AES) ABFFUAN B, ik WERL 1 S 11 7K ) SERe R 70 e LR B B2 J 2R
6T I TR VE AR KO TR I sg e, VPAR SLTm Eh vk e SR & T i J %50
WLER B 7 55 R MG PRI 2 07 s AR, R0 BT oA Eh 125 5% B T P 7] Hh g
ARSI T3 73180 ) A AU R TO WL ER 251 288 A JEE o) 3w i P ) e b K S it
O] 25 G A I T 1) i L B et S T i S L, SR AN RTEHLER B 15 e 10 1 774
HLEE,

SR TUEE RN, BEA O LSRR LG N, 2 i P 0 At K S ok iR e ) 4%
WIS I/N, RIARR PR 75608/ JE 8N AES [RLEAT B v (1 350l b 3 FLH BIUBTAH BT
T LR B ik A, W EhPEREIL T SDS; X T =M Eh g1, s 1k g $h vk
e LBl Ca?*<Mg?*<Na’s

Bt iR, KA B g &7 0L 2:0 8900 =, SR TERIm £ 8 )
PE TR S TR B I E A B o AT =Ml &1, 5SmSR : Ca>Mg>
Na, FH I HE BT 2 TR PR D =g 7 1T Sh Ve e AL : Ca<Mg<Na; S T~ P b & i 1k
A, M SDS, AES HCHLER & TS SRRy, 4955 LHLERE 70 AES kAL
(R ML)y, H AES 78 SN2 28 5 FER T B AL e ML Eh 28 184D, BRI, AES
(i & MEREOL T SDS, S RLESLWVIS: B MgCl RN, Mg 7/ /K F I
M2, OO ST IRT i v DR VR FH BGRB8 h 1 i R AR AR Ak, AP
FIE P HRIJCR, M- BRI E ) 5 K SRR 1) 5 A0 BAE F RSG5 s 98,
R F 1T Ak 231 1A S T e i BE O AL SR B IR FE IR BG InSe o N R 3 0. Bk, AR &R A
5K I BETCHLER I S IS B G T, S RBe S5 AR & o

Kegia): BB R, kS, BT, s AR, bl



Theoretical and Experimental Study Study of Anionic Surfactant Salt

Tolerance Ability

Zhang Yang (College of Science)
Directed by Prof. Zhang Jun

Abstract

Anionic Surfactant can greatly enhance the oil recovery, but at the high salt reservoir
strata it is invalidated for encountering with the large amounts of inorganic ions. The
development of salt-type surfactant agent is urgent, but now it is great difficult to design and
develop new salt-type surfactant because the salt tolerance mechanism of surfactant is not yet
clear. In view of this, the present master thesis chooses two famous anionic surfactants:
Sodium lauryl sulfate (SDS) and Sodium lauryl polyoxyethylene ether sulfate (AES) as study
object. Adopting the spinning drop interfacial tension measurement, the effect of inorganic
ions on the oil/surfactant/water interfacial tension is investigated; Using quantum chemical
calculation investigated the binding model and strength of inorganic ions and surfactant, and
analysis the charge change of the surfactant headgroup effect of the inorganic ions; Finally,
molecular dynamics simulation was been used to investigate the inorganic ions type and
concentration influence on the nature of surfactants self-assembled structure at oil-water
interface, and the mechanism of the impact on oil-water interfacial tension, in depth
understanding the interaction mechanism of inorganic ions and surfactant. The innovation lies
of this master thesis is using the experiments and molecular modeling combination method, to
reveal the surfactant salt tolerance ability and microscopic mechanism from the perspective of
interfacial tension.

The experimental results show that, with the increase in the concentration of inorganic
salts, the ability of surfactants in oil-water interfacial tension reduction first increases and then
decreases which means that the interfacial tension of systems decreases firstly and then
increases; AES has a higher optimal salinity and a higher ions concentraions when the new
phase appearing, so the salt tolerance ability of AES is better than SDS; the effect strength

follows the order: Ca salt <Mg salt <Na salt.


http://www.chemyq.com/xz/xz1/1535ghfnx.htm�

Simulation results have shown that the surfactant ability of salt tolerance is related with
the binding strength of headgroup and inorganic ions, the most mode of the inorganic ions
binding with surfactant is 2:1 type and binding strength follows the order: Ca>Mg>Na, so the
effect strength follows the order: Ca salt <Mg salt <Na salt; the binding strength of AES and
ions is weak than SDS, furthermore the effect strength of ions on the headgroup charge of
AES is weaker than SDS, so the salt tolerance ability of AES is better than SDS which
consisted with experimental results; with the increase of the concentration of MgCl,, more
Mg®" aggregating at interface, the effect on screen electrostatic repulsions between headgroup
strengthen, so the surfactant self-assembled monolayer structure is changed from disorder to
order then disorde, which lead to the interaction with surfactant and the oil/water increasing
firstly and then decreasing, that means the excess energy of interfacial molecules decreases
firstly and then increases with the increasing of the concentration of MgCl,. So, the interfacial
tension of the system decreases firstly and then increases with the increasing of the
concentration of MgCly, consisting with experimental results.

Key words: Anionic surfactant, Interfacial tension, Quantum chemical calculation,

Molecular dynamics simulation, inorganic ions
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Figl-1 The distribution sketch image of surfactants at surface and in water solution
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Figl-2 The phase diagram in the vicinity of the Krafft Point of the Sodium lauryl sulfate/water
system
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Tablel-1 Krafft Points of surfactants

Surfactant T/ C Added salts T/ C
C12H250CH;CH2SO4Na 50 1.0 wt% BaCl, 61°
C12H250CH,CH,SO4Na 5 0.7 wt% AI(NO3); 82"
C12H250CH;CH2SO4Na 50 0.7 Wt% LaCl, 95"

C12H25(OCH,CH,),S04Na <0° 1.0 wt% BaCl, 36°

C12H25(0CH,CH,)3S04Na <0P 1.0 wt% BaCl, 13°
C12H25S0,Na 16° / /
(C12H25504)2Cu 19° / /
(C12H25504),Mg 25° / /
(C12H25504),Ca 50° / /
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82U I R TR AT € i I S - S S N 1 | N ==Y S (SO R BT T Y B
Fe**>Fe?*>Mg**>Ca’** >Na*.

Fader! ™46 %8¢ T BR MR WS R IR AN I BOR G500 o ST 45 R BoR, OB TXKS 74
BRI R AAE N, S EEEE IR AN K I AR SRR AR AR T JEA [ E ANgh, IR
TK' Na' 533tz (Al /e R4, Linsel 145258 TSDSE L T — . NI =Hr &
TR ACREEAT Iy, WL, — W, R Z B RER R E, 750
By O ETR, M RAA R, SR T, KRR SRR UK A .
Sammalkorpil™ 25 5% 1 737 3h 11 AU i DFFT EHLER (NaCl. CaCly) A ki sk
B PR AT 71 7K W PR R SR AR TR 5 o 25 58 T oML ER IR S AR S0 3 vl M 77 2R 44T



RIS (R B3

RIS o BIFTUR K1) 125 5 B AN i SR AL 1 ST [l R 5 e IR O 45440
I H.Ca* f1t 5 i B2 L Na (1 520 5 0 R 220, TR g Ca®* 45 2 TG ) Sk T ) T 58 s 1)
EMrait . Chrystal™ 0125 \AERL T SDSA TAEW P IR A TE Gt B, R BNa R 5g 4
B 25 R ARSI, Na 5K FAERCACSK L e oK, B 1-3fTn . Msk
LA Na HE KA 2 5 Sk L e B iy, JF HIX S8 3 1 A 72% R 5 — AN R TE Tk
FISKIEAEID, 23% SPiAEEE, HWAEDRR (5%) 5=AkIEd & . Wang 25U rst 7
NaCIRUKAZIREN (NaSal) Sit-F75kedk = HIL S 3 (CTAC) BB A AR 1) 5 M 1k 7
WIE1-4a. b, BEARPLN )R, 2 CTACHSRIF IR B R AR 52 B Wi 2L %,
ZAEIRECH . IMANaCUS, AR ERIR R IR AA7E, WE1l-4c. & TNa b
M T AU BE 2 TR R R, AT SRR e I RRR s ZKAZ IR AR JU) 6 B8 32 78 IV

K13 #HairsE GEe-H, 428K, 'BE6m, B RKE-Z)

Figl-3 Sodium bridge structure diagram (blue-sodium, red-oxygen, yellow-sulfur, dark

gray-carbon, light gray-hydrogen)

Dominguez!"®3E ik MDREALL R J7 VERIF ST T SDSTE A7 88 2 1 (I BHAT A, 2307 T TEbLER
BT RAR G . WFFURI, SDSTEHCPAEAR G5 K - BE T AL AR v 52 348 in i B 4 e
AR, X5 IRF ) BTN RN A R s RIS I MDA I 5 T
SRR (SDBS) {ESIO K MWt WHFTARIN, SDBSHr - REME WL £ISiO K 1M,
TR A A0 F SR 5K, TR B 7 4 SR A A R S S Jo [ o 2 e )
I MDFHUEEE T A BH B -7 PR 28 B 13 i M 1R STO R T R B TE A IR 50
WFFER T, A PH B HIS T 2R TG 775 SO 3% Tl A M LV A, 308 2 T s 1)
5> T AESIOLZ [ IR TE A o



Kl 1-4  AFEE 2R EE
(a: B— CTAC #E RHKIHI#AEFI AL (t=20ns); b: B.— CTAC & & t=6ns; c: CTAC-NaCl (3.28mol-L-1)

t=20ns; d: CTAC-NaSal (0.55mol-L-I))
Figl-4 The Snapshots of the configuration of different system and time

PRAE S ORI 437 3 0 R T T JEHLER (NaCl. MClp CaCly) AR
PFPAN AR Y (1C16. 5C16) /N he i A PR A £ B A T P B i) 52 . T 9 R LG
HLER AN SR R 777 5 AR Sk Ak o) (R R a2 2 1 B e PR I, JF JEHLER |1 ik
NS — /KA 20 K 437 1z 2 HoA BRI, LS8 m s 99 4k 2K Ca®">Mg”™>Na'. H.1C16
2 B IK B R iCE LEBC16/™ i, RIBC16AH X 1C161H = HATHAF (i #h M fg . IR 5T
R ICH LI it 8 s 454 T 9 42 70 Sk BT PRy 00 2 45 o 3 AR 43780 7
RS VRIS T Cal ket e S R A A - b ST R A TR T R B M
(RIS o RFFSOR IR VS VERIG 1 412k 4 4 15 4R T 7 56 E RICa™ 441 G,  Ca®" Al DTl
PSS S Na AR B, Cal* S SR R TR PE AR M S o0 A, T B S IR o 1) Eh 2
ARG T IR o S AU TIP3 30 o T R B, ATEG T e BEhR R4, Ca™
Sb bR MR A A, AT T AL A, kGt R T G R Y
SN ZE KT e A AN (1 5, B e R R R B AT AL i RV RE . MG
IR 25O 1oL 43 8y g SR IT T CaCloid e SE A M £ A T S AT [ 5
WFIUR W] Cald 12 HUHINa = 178 Sk B I SR A S AT ROt b ik R 18] 1 kR 70, 330
T P AR S R SR BN B0
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AT (A B R

EEARILE P 3 BN AL : €1 PRl o 3 RO TR R d i 5 AT o o B 51
Rt Bbe) SR AT RSN 2R, b T ASRIIATTRVR € SR B 4% AF 1 IE ke
- AR (K SRS i, A LR T R 79 S 2 55 88 5 A AE Rk X AT EL A
I HA UM A TGS B8 SO K 1) F 15K 77 BLR R 7R R S R oW &5 4 o

Zr LTk, A TR O S T FORI R TC A L 5 R T P R B P LB, (R
s H A AOATSE 2 ZEAR b 1 25 SOk B8 1 BRSO RIS PR AL A I P SR IAT 0 X
FUAR S K 3 A5 LA SR TE L ER 7 0SB T B 21 2 B 4l 4 B P TR 5o (H2
X IEAIL i 2 1 AR S Aol I 0 2 Ty 18 7715 DAL 5k P A A P 52 i AR S 1 P 5 £k /
KT A AR R AR AE TR TS D, szt BRI B STk,
AR SR AN Gy 7 AU 45 5 (K 5957 5% T JeLER B 1 PSRN JSE S B 1 & T
PR BEAR S 119K 0 R RE AR M R, TN 88 5 PSRRI JSE oS S 3t P 791 5 1 ) 2 e 45 4
ANV 2, 2558 1 1155 3RS PR 7R A A AT DAR AN () B 2 vt R 70 P i £
PERE, TR 7 R PR S O LERAR B R A BOW A LEA UL, vt T OB AL e 25
M &2 7R TR 7 L AT B P B R i 3 R 3

15 BXHRABREX

AV SO NI B TR R TV (T Zhe SRR IREN (SDS) DK T itk R
A O IR RER IR ER AN (AES)) ABIFFUNT B, WSO 3R R A S0k 2 1 vty 8 551
BEAR I ) R D A SE AR, DA P Rl 22 TR S A SR T i BR M e o SR I oy AR R
TR T B Al 2 5 2 TR P R ELATE P LB O 2 T %1 1) 1 40 2 45 ) R B 1) 5% 1
FOHORBUEE, NG 7 K TR N VRER IS 57 55 TEH LR 28 7R T I SOM LB . AT %
SEE R TS PN S5k G PO MLERAIE T, BEVIH 28 o R 56 20 2 TG 1k B AL — 2 (¥ 3
WS ARRSTRTF 25T

(1) SERHTST

OFE WL R T IE T R RIS PEFRISDS . AES/KEEWL ¥ - & #i i A el
# (NaCl. CaClyy MgClp), MUEEBHFT CHLERMREERE N, Wit s, i I LR ER
X0 AN [) 8 28 2 T A R VBT RE R 52

R e I e e Y I B R A AN R S5 TG AL P S 3 A7) s v 5 D ot ) 7
Tk ) s B fedbah D, 7930 Ftii ok ) BEJCHLER A B AR LA, AT 3R A9 A [+
PTG ) B ER B, W A TR R 1 e
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BT %R

(2) 7> T HA

Ol A %ENa. Mgy Ca—FiEHLERFH B 155 SDS. AESIHIAH ELAE ]
JE LA KA PSR, $57s P 2 TV 1 70 5 oLk 0 1 AR AR LB LA S e W L3R 5 1
RS R T & 0 P - HE AT S A P RS LB . IR 237 2 ) S v, R
JCHLER B 18 P TS 1 A K ST 1 2247 R s i LB

@R S5 K 43 81 3 2 R0 5 E T TG AL R R JEE K 2 1T 1 700 1 /7K S THT 1 2412
£ R R JIE 1 5 LU SO A4 28 ST 7K g 56 ) (R oM AT LB
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FE REEMEFIMTEEREAKEMR

it 55 3T EH TR ANTER N i vy 5 S5 A58 25 PR el el A 2 ol o o oy B A9 2
ETN o 32y SRR B 2 M S22 o A DR O AL A I S T 1 ) B o e B S i
IR 2 o A E T JRE TSI o0t 4 I 1 701 e 2 i A S BOW iy e LR RO F 5 HAT
B SR o R AR A DA R i FH 2 T AR B 7, R e R R 1
FNLVE L — R PR T K P2 e BE 77, 0 ACALER PR A 20 3 T i M 77 B AR F T 7k 7
HIPEREA A W B A, R oL AR AT 5~ 2R A R S A 25 . DAt
AN T 5 58 T ORI AN X R T3t 1 70U B A7 S T 5K 07 € 70 R s i LA

2.1 WARMER

TF 9T I8 F o B 1B 1 B R & PR R - SR s (SDS) R+ —hi i A L0
HERERERR IR RS (AES) 1ENIFION S, /a4 2-1 fros. JohlEhdkseh 2
SR ) NaCl. CaCly. MgCls.

0 0
Na----O \\s 0—R Na-----O \\s o
a---0—S—0— a-----0—S—0—(EO0) —R
y / (EO);
0 o
A B

R=C>H>s

B 2-1 HFRNZR RN
(A): T LB msh: (B): T+ ke Sl A 200 H R I mEGR IR e 4)
Fig 2-1 The sketch structure of objects

((A): Sodium lauryl sulfate (SDS); (B): Sodium lauryl polyoxyethylene ether sulfate (AES))
22 KBWAR
2.2.1 SRR Rk T
SCHG AN A TX-500A B Jie e i S it gk A i 2-2 frzs s CP225D HL -4 0 A

KP: J&E 0.1mg; HEHES, 1mL.
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S 5 RIS PR ER L RE ) SR BT

B Jgil (BB HRAbh A 1), RIS ER: R IR Y (LaralD . R4
O I RERERERR IR IR (22l oflEh: &AL CpraD. &8s (gD, o
IRERMEE (el a2y i3 i S A I s aln) & w2 Z8080K TOK Sl
Ak o

B 2-2 TX-500A BLUATE TR S11%X
Fig 2-2 TX-500A Tensiometer
TX-500A B Jig 3 F 1 K 70 A ) 12 RSB HR SRS mi i
BARFEFF -
(1) FHIK IS 1x10°~100 mN/m;
(2) i Basyefl: 0~100 C ;
(3) FSEHRGE: 0.1 °C;
(4) #%3#: 1000~10000 r/min;
(5) ¥ HURSJE: 0.01 ms/r;
TR R
(D EHZHE: AP AN (Zi~80 C), thnl i S EE i 72k
(0~100 C);
(2) AXAS A HRAEPE R, CAT 0 o) DU ke B DA S W e B B il B M e e s, 1 O
VEN G s
(3) HA windows M5 N ECE I A 5K 1 B 3o E AR AT
(4) WA ek R0 B, A2 I T3 F AL B0 480 e oy 10 i 0, 38 sy 17 el o )
R
(5) RJUZFar B & G, BERT 52 AN RCR, 7 0,
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222 FEKNMNERTE

AT R FH B 90 2 TR A 0 9 15 D ) T K ) o e vk B i
FE TR 5K 31073, SR S B N T B RV 8 TR I 7R ) /Ky, T e T
FEAT IR P RO o« BRAFMHER I O R (-0 (12D, (1-3) wHEARBIR R 5
15K 7o

TERE R G, R RN, FERI R S B LL D 2R, KHIEELL L R,
2 L/D>4 I, Frfigk i (2-1) 3

2,3
T = 2P0

(2-1)
Ap-ilis TR Z VIR 22 kg m s o P 20 FR R B Iradlf s s r=Su 30 A /m o
A e

3
|FT:1.2336Ap[9j 1
nJ P (2-2)
IFT - LT 5K JIN-m™s Ap-ah. /K Z A 35 2 kg m™; -3l 2600 546/0.1mm; p-3
B msrevy; n-WHTCE, WIE WZS-1 BB D37 Y630 45

M LID<4 B, 3 (2-2) TEAZIE, BiEWm R (2-3):
d)’ 1
IFT =1.2336Ap| — | — (2-3)
n) p

f(L/D) AEIERE, ZRMS LD A7 Gl &Rk

2.3 KWAFE

Yo 54 CF, LB T/KECHE 0.02 mol/L -+ ke dEfiMeih (SDS) M+ R4 4
I A RERE BT IR RS (AES) PR TSR A I /K T . AR 1R e THT S M A8 h N
ARl 1) NaCl. CaClyw MgCly, Pe B AN [ 40 B2 (R RS PR A, PR3 L3 2-1.
2-2.2-3. WA, BEAG JCHL ARV FESG N, WL SR T & P RV RO 77 (R BB AR, R AT TX-500A
e i S T 0 S S AN TR JEE T S TRt P 3908 5 T 2 ] 1) ST 5K )
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S 5 RIS PR ER L RE ) SR BT

£ 2-1 A NaCl KIRE

Table2-1 The concentration of NaCl of different systems

NaCl (g/10 mL)

&5
SDS AES

1 0.1012 0.2576
2 0.1501 0.5035
3 0.2015 0.7553
4 0.2506 1.0160
5 0.3010 1.2500
6 0.3520 1.5017
7 0.4003 1.7531
8 0.4500 2.0000
9 0.5000 2.5000
10 0.7000 3.0000
11 1.0000

12 2.5000

13 3.0000

£ 22 fmA MgCl, IR
Table2-2 The concentration of MgCl, of different systems
MgCl, (g/10 mL)
W
SDS AES

1 0.0750 0.0880
2 0.1104 0.1800
3 0.1450 0.3620

16
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£ 2-2 WA MgCl, IR (80

MgCl, (g/10 mL)

L
sDS AES

4 0.1866 0.7200
5 0.2196 0.9000
6 0.2558 1.0800
7 0.3318 1.2620
8 0.4073 1.5000
9 0.4957 4.0000
10 1.0000 5.0000
11 1.5000

12 2.0000

% 2-3 B CaCl, Bk E

Table2-3 The concentration of CaCl, of different systems

CaCl, (g/10 mL)

%is
SDS AES
1 0.0017 0.0270
2 0.0025 0.0540
3 0.0037 0.0816
4 0.0046 0.1080
5 0.0063 0.1350
6 0.0110 0.1620
7 0.0200 0.1897
8 0.0800 0.2164
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£ 2-3 A CaCl, BIRE (48

CaCl, (g/10 mL)

%is
SDS AES
9 0.2000 0.2438
10 0.40000 0.2700
11 0.5000 0.3200
12 0.3780
13 0.5069

24 FR5118
2.4.1 WM REEEFABIERERIFI

7£ 0.02 mol/L + bR (SDS) M+ B4 L0 H MM RA R R RN (AES)
IRV TP B M NTERLER NaCl. MgCly. CaCly, #il 24 /NBF, A0 SR VE M S

AR BIUEAH, 25 Rk 2-4. 2-5. 2-6 FIiR.
£ 2-4 A[E NaCl RE FREEEFKEB RS

Table2-4 The condition of surfactant water solution at different NaCl concentration

P B (YIND

NaCl (g/10 mL) SDS AES
1 0.1011 N 0.2578 N
2 0.1501 N 0.5035 N
3 0.2015 N 0.7553 N
4 0.2506 N 1.0160 N
5 0.3010 N 1.2500 N
6 0.3520 N 1.5017 N
7 0.4003 N 1.7531 N
8 0.4500 N 2.000 N
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£ 2-4 AR NaClRE FRIEHFIKFBAIRES (5

we AR (YIND
NaCl (g/10 mL) SDS AES
9 0.5000 N 2.5000 N
10 0.7000 N 3.0000 N
11 1.0000 N / /
12 2.0000 N / /
13 2.5000 Y / /

& 2-5 AR MgClL W T REHEEAKBERAPRE

Table2-5 The condition of surfactant water solution at different MgCl, concentration

mL) sDS AES
1 0.0750 N 0.0880 N
2 0.1104 N 0.1800 N
3 0.1450 N 0.3620 N
4 0.1866 N 0.7200 N
5 0.2196 N 0.9000 N
6 0.2558 N 1.0800 N
7 0.3318 N 1.2620 N
8 0.4073 N 1.5000 N
9 0.4957 N 4.0000 N
10 1.0000 N 5.0000 Y
11 1.5000 N / /
12 2.0000 Y / /
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S 5 RIS PR ER L RE ) SR BT

R 2-6 AR CaCl, IRE FREEHFIKBFBHIRE

Table2-6 The condition of surfactant water solution at different CaCl, concentration

%75 CaCl, (g/10 HAARE CYIND

mL)>

SDS AES
1 0.0017 N 0.0270 N
2 0.0025 N 0.0540 N
3 0.0037 N 0.0816 N
4 0.0046 N 0.1080 N
5 0.0063 N 0.1350 N
6 0.0110 N 0.1620 N
7 0.0200 N 0.1897 N
8 0.0800 N 0.2164 N
9 0.2000 N 0.2438 N
10 0.4000 N 0.2700 N
11 0.5000 Y 0.3200 N
12 / / 0.3780 N
13 / / 0.5069 N
14 / / 1. 0000 N
15 / / 5.0000 N
16 / / 5.6000 Y

M 2-4. 2-5. 2-6 AJ WL, 7E NaCl HJVERFZIGEIN AES ANMELERTAH, 1 SDS 1E
NaCl ¥ %% 5] 2.5 /10 ml J5 HILH A ; 75 MgCly (%5 i 5 v W AES 7F MgCl, 3 TE
#]5.0 g/10 ml J5 I AH, 1 SDS 7E MgClp IR IA E] 2.0 g/10 ml J5 HIUH4H; b5 CaCl,
WP, SDS. AES 4357 0.5, 5.6 ¢/10 ml AL HELHH . FrLL, =Rl %
T L SR L S SR B MV . Ca®* >Mg?*>Na®, Bl Fl & i 3 P A = R G KR B
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BB K Ca®*<Mg®*<Na’, Ff H AES HcHLEh & T iIfE# T SDS.
2.4.2 FoHLEL X Fe EE 1 FEAK SR E 5K 1 8k RS20

K TX-B00A T4 i 5 I 7k AN 5 AN [l 4k B8 SR IRV AR R BT
) Hfedbah H gz W Atk 1y, Bk 2-7. 2-8. 2-9 frox. Kl 2-3. 2-4
AAFEITEHLERR T SDS AES W5 i 2 IR SRk Uy . 45 SRR, BEAG EHL#hik
JEREIN, PR RS SK S e N RN, JFH SDS MASLEE INRA L, AES AR E AL
VR P AR ST 5K ) R34 AR T SDS #2/1ho B JoHLER IR BE I IB i n,  ZEAIRIR BT
TOMUER 5B AR HE VR SR R B, DRt 7 Sk v, 89 T SRR TR D
HERRAERT, AT 3R 0 70U 3ok 7K 5 T 5 B A 2 e 803 (1 o S M i ) s B L R
FERIRE—0 080, 4 Sk ) AR — e FE BT, R 7 (R 8 K P e P F1 59
R G SR 380 M eHLER IR BE AR i, RIS PRt & IR A, R R4
GBS UIUE, Rl s S5 a0 1 B R IR BE SR . Ak, XL
G MR BOE #h IR 2-10, AL, =RENLERIERIE H KXl : Ca®'<Mg®'<Na’
H AES ¥iid #h 2 KT SDS, ik AES fReif #hPERE 22z % T SDS.

—=— Na

SDS

IFT/mNem’’

B 2-3 AFTHEHRARE. WET SDS KBS RM K FEmK S
Fig 2-3 The interfacial tension of SDS water solution and crude oil at different salts’ species and

concentration
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S 5 RIS PR ER L RE ) SR BT

AES —&—NaCl

IFT/mNem’’

T~ T "~ 1T T 1T 1T T * T T " T7
00 02 04 068 08 10 12 14 16 18 20

g/10 mL
B 2-4 AFETHERFR, WET AES KEWB5 FEHK A ER S
Fig 2-4 The interfacial tension of AES water solution and crude oil at different salts’ species and
concentration

3R 2-7  NaCl ¥R BEXF RIS P57 AR A T 7K 77 B R

Table2-7 The effect of NaCl condition on oil/water interfacial tension reducation of surfactant

NaCl (g/10 mL)

%S
SDS mN/m AES mN/m
1 0.1012 1.2700 0.2578 0.9700
2 0.1501 1.1400 0.5035 0.4770
3 0.2015 0.9700 0.7553 0.3100
4 0.2506 0.8800 1.0160 0.1500
5 0.3010 0.6930 1.2500 0.1300
6 0.3520 0.6820 1.5017 0.1190
7 0.4003 0.5900 1.7531 0.0600
8 0.4500 0.4720 2.0000 0.0300
9 0.7000 0.6200
10 1.0000 1.0000
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3K 2-8  MCly ¥R X R T 57 A S D 5K 0 R 2

Table2-8 The effect of MgCl, condition on oil/water interfacial tension reducation of surfactant

MgCl, (g/10 mL)

T

SDS mN/m AES mN/m
1 0.0750 0.9700 0.0880 0.6600
2 0.1104 0.8100 0.1800 0.5020
3 0.1450 0.6500 0.3620 0.3570
4 0.1866 0.5000 0.7200 0.3100
5 0.2196 0.3000 0.9000 0.2910
6 0.2558 0.5700 1.0800 0.3170
7 0.3318 0.9000 1.2620 0.3960
8 0.4073 1.0000 1.5000 0.4050
9 0.4957 1.2000

K 2-9  CaCly #RBEXF RIS P57 PR 57 T 7K ) B R M

Table2-9 The effect of CaCl, condition on oil/water interfacial tension reducation of surfactant

CaCl, (g/10 mL)

%5

SDS mN/m AES mN/m
1 0.0017 3.7600 0.0270 0.4870
2 0.0025 2.5700 0.0540 0.4005
3 0.0037 1.9500 0.0816 0.3660
4 0.0046 1.5090 0.1080 0.3130
5 0.0063 0.6000 0.1350 0.2980
6 0.0110 0.2020 0.1620 0.2630
7 0.0200 0.5000 0.1897 0.2340

23



S 5 RIS PR ER L RE ) SR BT

R 2:9 CaCly ¥REEX R EE M5 FEAR R m oK T i (42

CaCl, (g/10 mL)

%5

SDS mN/m AES mN/m
8 0.0800 1.2000 0.2164 0.2404
9 0.2438 0.2800
10 0.2700 0.2800
11 0.3200 0.2770
12 0.3780 0.2840
13 0.5069 0.2700

R 2-10 RETEWHBOEHE

Table2-10 The optimal salinity of surfactants

Optimal salinity

NaCl MgCl CaCl
(g/10 mL) g+ 2
SDS 0.4000 0.2200 0.0100
AES 2.0000 0.9000 0.2200
2.5 IhNEE

ARFELIA AR RGN (SDS) R B4 L0% I HERE IR R R4 (AES) b
WFFOR %, Ik BEe i AR 5Kk IR SES, WESY T Na's Mg®*. Ca® JeHLER B 1t 4K i
WP At K S ok g R A, 15t BUR 458

(1) JOALERI S 1 B — e P P8 5 2 1R PE R v 2 R IR A, R — 2518
IR B PIRRR G ERIARLE, AES tHHBUETAH BT 75 0 CHLER IR 5 =i 1 SDS; —Ff
R INER BRI, S A BT Tk B /N . Ca®*<MgP*<Na’s

(2) BEATCHUERARESG I, AR S5k ) Jedd/N S n s PR TS PR AR LE,
SDS # s NIt BoG SRR, AES MEGEEE R T SDS, X —MihEr,
AR £ K/ N Ca®*<MgP<Na’.

(3) FMH LM £ ML RS K /IMEYC : Ca®*<Mg?*<Na”, H. AES [ ShERetl T SDS
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RAE PEA
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O =5 JopLEh AT R T i R RESE R (K S BT

E-F LU ERRANREEEFEEZ MBI IE ISR
31 5|5

HAr, B HAHREN T w8 KR, R, TET R X ok ik
SRICTREVR T oK o DRI R A SRt T R BB S2 B AT QT o Horh SR T SE PR A e — Fh Y
FATZ A 2 B 7)o e A B K SR R g R v L 059 SR Rt B 0 45 i 2
PER, LA $ v e e s 3 R D ) RO (R S8 AR e FAT, AR A0 5 T i
H, RIS TEAAE o AW = B AW G2 T N, e R BARE T
S SR E LT O W S (NPt y G I =P P (S N SRR AL erliE s L]
RUR NG VERI I SV 7e, U Zrh & RE RS T, BB R mmstEs Sk
HLERBH 8574 R A BTN 1M S SR TS E A Rk, IR AR B moRISCR I H 1

B T RAESEIAWRN, il e Shisk L B a3 n, 0. 42k 45 Witk (i
ALJE 40000 mg/L, A ES 1 1000 mo/L ZeA7) B Rukwg sl i (5 4k 35000 mg/L,
TAEST 1000 mo/L Ae AP T i AR 2 X B (K E 105 g/L, 4 B5>1000 mg/L)
(O02te Sty P DX R3O A8, 2 TR 9% 1 50 0 P 38 80 1™ 6 £) 607 280
i, BFFTN BT S SOR B A st AN K SR PR e UL AR TS PR, (T
S TG M 7 R AL A PRI AN AL TS ek 2 TG R 3R (I R LA AR I E o T
I, WEFTIE T i i B 128 5~ S T M ) 5 Je AL ER B A AR LR, R AN
i 2 TR % e A R AL BN 28 56 R TS PR 0 20 7 ek R B2 B 4 3

Bt VSR LA A B T K IR BT, 2 TR AR O 2 S TR R ik &
(IO E FAPLEE . 2511k, AT R R TG 22 R0 90130 1 2B AR 45 2 10 7 ik 5
Na. Mg. Ca =M IEHLERE 75 SDS 1 AES HIAH HAEH 7 e Ve s, 28 =FI
PLER 76 SDS 1 AES 7E 7K S W B SR ERAT A B Bl AN o3 7 )2 A /s R T i
P R ER LB o

3.2 FEHILATS
321 BFHFitE

e I H WL B & 7 R IS R e AR RN (SDS) M-+ e AR IR AR L0 JT
BERL R RGN (AES) AWIFIN S, Wi 3-1 s. ARSI 7> 7B Ry it fo 45 R i
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5T Materials Studio (MS) #4458 B
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Bl 3-1 WrxZ &Mk
(A): + BEERmes; (B): T+ filE B4 L6 e I e )
Fig3-1 The sketch structure of objects

((A): Sodium lauryl sulfate (SDS); (B): Sodium lauryl polyoxyethylene ether sulfate (AES))

HAG, WEARRMEER (W1 SDS. AES) [HFTHIA, #5LTF/5H Dmol3
REER () Calculation X B R (1) JLAT Ky BUEA TAAL, Forh 2 804 B e ¢ GGAIPBE JE41 %%,
A FHAAR T BT A A BRI /N i, IS 21 =P T R 770507 (K e LA A 2

SRIG, AE =R AR T P 50 401 (AR R Sk 3 R B A3 SN Na®™s Ca?*s Mg®™ =
FH LRI TEHLER B 7 AR IS PR - JE LR B A AR Y B | i, 1 BN
HERGIR SN 23X 2 5 3, R SRR, BRI R s PE AR Sk (0 701 Sl A
AL BE T ICHLER S T SRR TR 23 A DL S A AL,

D LR, BIARPESR AN AR T SR A S (A S R AR S b i
O R TIEL T 17, BN O SR A, Wil 3-2 fra); i) 2:1 84, A
WML RS O JR P 5B ¥4 (W 3-2 i@+ 5 O Op 7E A —ANF i HE
75 Orv Oz [MEEEANER); i) 318, RISk =l r 5 Taia (Wils 3-2
Fon & 7 =AU 5 IS A ST 7, HAS =N s s 5D . £ Eid =
B eR, W ANIR] (05 1338 8 SR TN R B 1 Sk R I B, F AN [R) 7 B I (1 1 ke
15 2 RE B ARAE AT

Bl 3-2 RETEHFILEREE

Fig3-2 The headgroups of surfactants
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O =5 JopLEh AT R T i R RESE R (K S BT

PR DLRESEIRAR 1A B D A I 9) a5 4 24, H] Dmol3 A8 Calculation A%
R U A R BEAT 04, W AN R BN LR & 7~ 5 =Rk e M 45 S B 455 o
JE, LR TOHLER 251~ 5 AR R 7R 5 4 J ol 3 T P 790 P A7 A1 45 1 5 o
3.2.2 HFEHhFEER

Bl Lt il Compass J137 07, 20 1 B0 45 AE 40 35 BB AR B 45 ) (diagonal and
off-diagonal cross coupling terms) Fl={E4#4H B 4E H] (Coulombic and van der Waals) P 1ii

Etotal = Ebonds + Eangles + Edihedrals + Ecross + Enon—bond (3_1)
ARBEAT B RE R IA A R
(0 (oY a4,
Enon—bond = Z gij 2 [Lj -2 [LJ + Z# ( 3'2 )
i T f i T

b q Zonrifr, r ZRAFR PR, ¢ ZRAPRRE, i ] ZRARE T .

FURT, ST O UE S 0 P 70 AR 7K S T 7k D7 2 B T3 E PR FUAE 7K S A
S 2 A P AR T K ST R B . IRk, ARSOR A T 2T AR AR K S
[ 2HL 25 BRI 9 v e 0 I P AR A 903 R My e i RN R . B, IR
Visualizer itz SDS. AES. TLHLEL . 7K JAH > FALHY; 4R )5, FF Amorphous Cell
B, B HETHERAMEE T (Na's Mg® . Ca®) JKAH . WHIAR B 2 T 3 k7 st 5
B, ERL“build layer” ¥ ARG, KRG VEABCE T A I, kIR A KA,
AR E TR IS PEF R, 20549 30 AR R B (A SDS-Na; B:SDS-Mg; C:
SDS-Ca; D: AES-Na; E: AES-Mg; F: AES-Ca), U 3-3 fin. VUM BB ELN
SR T3 3-1.

x31 ERNSGHSH

Table3-1 The structure of parameter of systems

& TS 7] ToHLER M T Wih e | A
A Na* 27.72x27.72x133.68
B SDS Mgt 27.72x27.72x135.65
C ca* 27.72x27.72x135.72
D Na* 30.20x30.20x123.71
E AES Mg?* 30.20x30.20x123.20
F ca® 30.20x30.20x123.46
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Bl 3-3 RVIGHEE
Fig3-3 The original configuration of simulation system

RS RE: 1558, [ 8 KA LA R TS P Sk A5 3E AT 50 ps 3R K ALEE, A3 HIE
Fkeke e AL AT 73 7 M BB LA . FRIBOH [ 2 BEAT R 204k, 3E47 300 ps A5 45 s
(NPT fll, AR LA B . B EAE LA EHEAT 2 ns (K] NVT B

BRI . BORUE 26 # 327 K. 0.0001 GPa, il ik Andersen friif #7050,
s 73t Berendsen 1 s #3421, SR FH Velocity Verlet 5306t A= 5 Rk AT R i,
AR FAE ] Atom I5THEL, #2145 0.95 nm, Ewald J5 3457 A H AR Y, 25
Kk 1fs, £ 1 ps i sk —IRALEME R .

3.3 FR511i8
331 BB FESREEENEEARNRESEE
3.3.1.1. LIS TOHLER B 1A BAE F v AT

AR AR A

141 21 31

i

B 3-4 REEHAESTNERTETArTER
Fig3-4 Surfactant and inorganic ions combination schematic diagram
RIAH TR SDS M AES SKIE R 547 2R 1, HARZ AT 3 MR AT B ik
ASEEARMA), X=TRETABBETZ. ArdER, RIEHESE 7 EE5X 3 M
M. T 37, BTl — 1 5 R M as 507 SUE 2RI . O T AR RE
FEFE S R T RE BRI BT 455 U7 3, A TRIR R R g 1 5 SRR BCER A 3 Fy
Bl 3-4 Pros: (LD L1H, B HE MR TEG, MEFEREET S 1RO Jir
BT (3) 218, BT SNSRI TSR TAEL0S0 ML, Jf S
S Jsl AP O gt 7 (3) 31 M, B H =AM T A S IE A=A TR
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B3 H 2 b HS =AU 5 R B A [

Bl 35 NaBT5LEREEERREINXRME

Fig3-5 The function of system energy and distance of Na ion and surfactant headgroup
K32 THHBETERESGSRREER

Table3-2 The optimal distance of Na ion and surfactant headgroup

AR B
IR
Ro-ion A Ro-ion A Ro-ion A

1:1 2.255 4.569 4,569

Na 2:1 2.461 2.461 4.186
31 2.923 2.923 2.923

1:1 1.945 4.274 4276

SDS Mg 2:1 2.238 2.238 3.93
31 2.69 2.69 2.69

1:1 2.163 4.481 4.483

Ca 2:1 2.402 2.402 4.12
31 2.782 2.782 2.782

1:1 2.257 4573 4573

Na 2:1 2.465 2.465 4.195
31 2.919 2.919 2.919

1:1 1.945 4,276 4.276

AES Mg 2:1 2.244 2.244 3.941
31 2.616 2.616 2.616

1:1 2.174 4.494 4.494

Ca 2:1 2.417 2.417 4141
31 2.826 2.826 2.826
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TRERE IR =R e, 25 A 2 A B e ) Bk e Be e 1 4 6y :UR
ATt X =R BRI E T 8 SRR a 5O, HR B T SRR T IR
BRI AR, AR TP AOIRES, BATE R E B T R TER T (& 3-4
TR T 10D B ol B 1 UM RS R R TR, £ B AR RERE A AR A th 2k, dn il 3-5 BTUR,
B =FJ7 N Naw Mg, Ca & 1 5 SR a5 SR e IR R M a5 S5, 5113 3-2.
I 3-2 AT, =gl 07 20T 8- 2 Sk R o AU I R 25K/ MR Pt : Mg<Cas<Na,
X2 T Mg BT B R R HLB T AR o b T R TAEA R 4 A 5 U
AES [ 25 25 111 FF 25 220 KT SDS, W SDS 5 &5 1 (1 1E H 5% T AES.

3.3.1.2. LWl E 75 LM a5 & 77 AR S G

TG bR =R BRI AT A2 B, A BIBH B 5 SR A A AR e A,
il 3-6 fizm. AL JG Plriiad (g 2508 T3 3-3. HI5& 3-3 Al %1, SDS-Na [fy 1:1
BERLARAL G 5 (e 11 ROgEH, 10 2:1 BURD 3:1 AURALE &0k 2:1 ghty, FE ks
2:1 MR R T 11 Y, DAk, SDS 5 Na &7 4s& 07 A Eads 2:1 AT 1:1
A, H2:1 RHPBER T R . SDS 5 Mg B 7-Hil Ca B T7-LL K& AES 5 Na & 1. Mg &
T Ca B T IR AL R H O 2:0 Y, B LLEATII G & 7 ;R 2:1 Y,

,,0 242 o 297 o 292
2255 2420 2.923 2.923
180 Q} 2420 .5,92;3’
v \\ - ‘|
S
@ D
D.2263 2413

2416

ks S 2413,

P 24207 ‘g AR
40400 4 ; D

- Flaors * . 4.138 .s%4 .

Bl 3-6 Na®BT5kELKZEETTH

Fig3-6 Binding modes and optimization structures between polar head and Na ion
BN RARFESL (3-3) & T AES. SDS 5 Na. Mg. Ca &1Ll 2:1 A7 a0 &t
P A 45 G R, g R 3-7 Pror.

AE=E

sur—ion (Esur + Eion) (3'3)

Eorin e TXIERER, B, RMNHDTHRE, B, & ThtE.

AT, PIFRRIIETER S Naw Mg, Ca &itrfie, WL AE,, <AE,, <AE,» X
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T Ca® G RMEMER L AN R e RE, &6k, SRS RAERE, M =FH
BT Sk S AR UG . Ca>Mg>Na. DRIk, PR Th G M = RS 1t £h
Be Ik k. Na>Mg>Ca. ItAh, *tEb AES Al SDS, AES 5 Na. Ca. Mg & 12 I8 1)
SEAREANE /N T SDS 401, XK W] AES 5 LB & 1 1 45 &L 59 T SDS, 5 AES
SEEIN R A SRR . Bk, AES 1O Eh M AR 2R T SDS, X 55 e rh S gk )y 5k
I SE AN A

* 33 REFEHASETRENETFXRIUTSHENEE6 (AE)

Table3-3 Geometry parameters and binding energies of ion-pairs between surfactant and ion

Type initial optimized Eha A
Ro-ion/MM  Ro.io/"M  Rosio/PM  Rp.io/MM  Ro.io/NM  Rop.ign/NM
11 2.255 4.569 4.569 2.262 4.041 4.075 -1332.942436
Na 2:1 2461 2.461 4.186 2.413 2.42 4.138 -1332.945035  -0.019263
31 2923 2.923 2.923 2.413 2.416 4.137 -1332.936968
11 1.945 4.274 4.276 1.928 3.697 3.852 -1370.579844
SDS Mg 211  2.238 2.238 3.93 2.07 2.076 3.759 -1370.571947  -0.021288
31 2.69 2.69 2.69 2.071 2.076 3.759 -1370.582124
1:1 2163 4.481 4.483 2.31 2.325 4.097 -1848.0018
Ca 2:1 2402 2.402 4.12 2.309 2.312 4.019 -1848.017726  -0.050659

31 2.782 2.782 2.782 2.313 2.314 4.026 -1847.988699
11 2.257 4.573 4.573 2.266 3.719 4.639 -1794.078475
Na 21 2.465 2.465 4.195 2.419 2.423 4.137 -1794.080838  -0.001302
31 2.919 2.919 2.919 2.419 2.428 2.136 -1794.07162
11 1.945 4.276 4.276 2.075 2.087 3.838 -1831.712291
AES Mg 21 2.244 2.244 3.941 2.075 2.08 3.766 -1831.700953  -0.0034699
31 2.616 2.616 2.616 2.073 2.081 3.768 -1831.711453
11 2.174 4.494 4.494 2.319 2.326 4.094 -2309.136357
Ca 21 2.417 2.417 4.141 2.315 2.32 4.019 -2309.142705  -0.0302611

31 2.826 2.826 2.826 2.315 2.318 4.022 -2309.121803
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Fig3-7 Binding energies of surfactants and ions

3.32 BB FHREEETKAERETS HRIFMNE

AR 3-4 T AR K2 (0 ey DL ATEWL SR 2F INN A Sk AR L (AR A . iR
3-4 PRI EOL, LR TAIGEE SRR T, AES 2y rHskIt (SO.) B
AL/ SDS Sk, X EER T AES 4TS LA, TEAGIER AT
SRAEMIE o oL, 64 AES 55 B 1 I0ER AT ELAE I 55 1 SDS S & 7 (K i AN LR
TEAES LB TS GRS T SDS R IS AR, (ki al LA AES i
thYERER T SDS, X5 BRI A& HIR, B 1 5 kS 5 Ja Sk AL Pl X U
kb, S P B IO SR AR A A, RIES TR AES Sk HLAT IR /N T
SDS, Hl AES i #hBE LT SDS; BbAh, XfEHERPE A, =Rl BT B h
IR BE Il : Mg>Ca>Na, X2 T Na & i imD HE 2Rk, b Sk
USR5S, Mg &7 RS HLE P/ N S Ao (€ 3-3), DIk
X Skt AR IR S I K

R 3-4  RIEMEFKEEK B AT

Table3-4 The charge of surfactant headgroup

R No ion Add Add Add
Na(+0.904 e) Mg(+1.649 e) Ca(+1.814¢)
DS SLAE LT (SO,) -1.3100 -1.2330 -1.0360 -1.1970
i GERGYNe 0.0770 0.2740 0.1130
AES SLAE LT (SO,) -1.2900 -1.2150 -1.0170 -1.1790
i GERGYNe 0.0750 0.2730 0.1110
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333 W& EFEKE R EFEFE

il A R S T AN RIS A S AL S TS ST R, T
L MD BAUZE ST @ W N OHLER B 15X A TG R AR 7 K S i B 202647 4 1)
TEFPLEL

TOMUER B8 1 5 BRI REE /K, kB AT v SB il 72 1 20 A ik 4 (RDF) B
WA %5 T Na*s Mg*. Ca® =R EHLERBH B 7~ 5K T I AR AL e
ATRZKAGRE I AR K TP I HOE #E RE ). K] 3-8 3 = &1 /K Fh 4R 1 IR AR 1) 73 AT R
. w UL, Mg@®*[¥) RDF 7 1.968 A b tHBLEE—/ o, 77 4.329 A AbH LS — /Mg, Na',
Ca"7E 2.299 A AL IREE — ki, 75 4.641 A RbHIBES — AN, SE— NS HIBR AR KR -
Na‘< Ca**'<Mg®*. Mg®* 57K (R0 B4R FI feciit, 3L T MoP i 2 ANt HL s 2142
/N . W% RDF (lon-Oy) FR4333] Nats Mg?'. Ca? = F & 145 — sk 4k 2 F K 2 T
K H BV Ik FRCALE 9 4 2,32, 3.08. 2.91, WA 3-9 Fin. WAR, Mg™4isr
(Ko Tz, BB PR SRR : Na'< Ca?'<Mg® . S I KA1 T 558
B TAEKY BEE 2 B BRI . 18] 3-10 85 FAEK T BT AL 2k (MSD),
MSD &I 3-4 FroR, o W =R EHLER B K i8OS B e KR
Na">Ca’*>Mg**.

MSD = R(t) = <|F(t)—?(0 F> (3-4)

X, FES RN T, 1 () Fonm ) ¢ R 0 AR

20

b —0—7Na -0
w

——Mg" 0,

o
T

RDF(ion-O,)
T

/A

B 3-8 BT5AKPEIRT(0)Z MR 7340 EREL

Fig3-8 The RDF between the lon and O atoms of water
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Fig3-9 The coordination number between ion and water
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Fig3-11 The RDF between the O atoms of surfactant and Ca**

BH B 7 L BASL R R (WA AR, 0 AES K SDS SkH: & ZAME A FIIAR
JET, ARPE R A LR =R (D S TN (01 Op O); (2) 43
5 S JEF N C RN (04 (3) H5IAS C IR T AN (Os). & 3-11 24 AES
S =R O RS Ca AR I A A . Al ML, RDF (Oy5-Ca®™) 7 2.017 A AbHi i
BN, 7F 4.305 A Kb IS AN T RDF (O4-Ca”™) NIFE 6.073 A i Hi I 58—
AN g, SR 5 RDF (01.3-Ca™™) [R5 —MEAHY, RDF (04-Ca®") & — Uk BLLE i
AL E 6.443 A Kb, HAEREEWRSS. BTLL, SRIENETERSEE P 5 JopL £ B 25 i AH AR
W EERR TS S MM O Oy Oso WL, JRHIWIIH, 7E%ZERENTE
FGTEHLER A B AR RS T O Opv Oz 55 EHLER FH 1 A AR

3-12 MR ME SR EE P AU 7 5 oL B T AR ) A ek B w0, X
J- SDS 43 F: RDF (O13-Na") 7 1.948 A HELEE—/Ng, JLom ) 184.224, 1 3.789 A
Kb BLAE AN RDF (015-Mg@?") 7F 1.633 A HBLAS—/Mg, HCiiBE 2k 70.640, £ 3.909
A LB —ANE; RDF (01.3-Ca™) 7F 1.989A HBLEE AN, JHSHE ) 270.265, 7
4.226 A A IS —ANE . X AES 43 F: RDF (O13-Na™) 7F 1.972 A HILEE — /i,
HRE A 160.583, 7F 4.204 A 4bHIELE — A%, RDF (O13-Mg®) 7F 1.661 A I —
AN, LRl 59.816, 7 3.948 A Kb HIPLEE —NE; RDF (0p3-Ca™) 7 1.989A HiH]
AN, LSRN 204.492, 7F 4.225 A BB AN, AR, HHIFIES ¥ RDF
Zirf, SDS WA B REAR bR /N T AES, H SDS 55— /MEHHRIE KT AES, XU E T
B2 SDS SR A R 1 ST HLSE 2 (KBS 73 A AR SDS SHEFL, ik n % SDS Ak
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K, FW] Ca¥ e BT AT 2, 3 1T Ca® i s (H AT R S 47 [ R e 1)
Mg U (ISR IS R /D, IR Mo /KGR Pl Bk, fE/K i s B ae 99, JF A
5 SR S N T B ST MOPT L KA R BRI g 22k, Mk RDF
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RDF(O, ,-lon)
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Bl 3-12 REEHFTEIRET (01..) SFHE T Z B4 434 R 3
Fig3-12 The RDF between the O, ; and ions
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Probability density

B 3-13 AH4B S JR TR B R KR A

Fig3-13 The length distribution of the distance between nearby two S atoms
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Fig3-14 The possessive surface of surfactant at interface

(Mg) (Ca)
B 3-15 REWEMHE B AT E

Fig3-15 Snapshots of the surfactant monolayers of different systems

FIRBEE ST B ARG MRS I AR BAE R, B4 A Sk B 5 S5 Sk o
FUH AR gi i o 18] 3-13 45 Y T AR TS PE AR AES A 3R TPAHAR S S J7 ) fy 2 25
IV . RYEER B A A5 DL Ev F (3R 3-1) =AMKRTAHAR S 5118 (-2 BE 85 4
5:6.852 A.6.847 A.6.834 A, it nl 411, B 70 Sk AR (K 5 MM U : Ca® >MgP >Na'
XA T Ca™ Ak MBI AL, WS HEE i HE R R R, SKIRHESIRON B . IR
PEAHAE S [PPSR 2, SRR S b A A A ] 3-14 FroR. ARk
B H AR IOE D>E>F. kB 5 A TR /NS S BER I T R REHE S 5, R EEN )
TOABAENR 5 | AE IR R, RRAEHEA S INA R, T ) 5 B K S T HEA, Gl
3-15 7R e
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Fig3-16 The interfacial tension of different systems
G Iy VEAN bk S S 0 B b, BaRG-5)PH AR DL EL FAARN
FLHISK 343 5 27.459 mN-m™, 24.482 mN-m™ Fi1 19.036 mN-m™.

1

1
VZELZ [Pzz _E(Pxx +Ry ):|
(3-5)

L, R R 2 T K SE, P, S8R RAE 2 BT IR JI5K R, Py AT R,y SRR R D) 1)
(R 75K

SR, MAMER T CatTRE, AR FNIK IR, MgTIRZ, Na'hezs. L
T Ca? L HEAE AR, 7 S SRR B i, ot SR 0 e oL B i A0 P A, 2 T
SRR, BAURBEAT RN, DIRAR AR I 5K ) eIk

3.4 I\

ATE DA e SRR IR A AN - b i I A 0 H AR BB I B B4 A T 5 5, il i
TSI T IR B T RIS PE A I 255 SN R Gl se, 5% 1 ohLER
1S AR 5 Ay o0 AT (1520, S 0 1 B 1 AU AR R T ML AR K R Ry
PE LSRR T P AR K ST B R S5 MRS, A5 BUR 45

(L THERE 7 5RHEL 57 2:1 B4 HA & KIx A : Ca>Mg>Na;
AES 5CHLER B T4 &g 55 T SDS R AES i ik & 1/ )8 T SDS.

(2) ToWLER & 75 kAL & BEWE BRI AL I e, =l xSy i R B

39



O =5 JopLEh AT R T i R RESE R (K S BT

IKHE JIMIR N - Mg>Ca>Na; HIGHLER B 1% AES SkAE i 1) FEAICRE ) /N T~ SDS. P,
LR BT I TR 70 PR 5 5 5 P88 DA SRS TR 1 ) S Rty v s (R PR BE 0, T A4S
AES i #hEREAE T SDS, Ssih gt —2.

(3) MFEFarimEL &S TR RMES, =R & e R Iy #ie
Wh: Mg*'<Ca®*<Na’s B IR A : Mg**>Ca’*>Na’;

(4) AES SkHE: 5B FIM AR5 T SDS, RIJEHLER 21 50 25 5 Hufe SDS SkFEHf
WAL, BRI AES HohLEhaE )L T SDS.

(5) Ca®" I T{ELIEMHT RAEMHE 2, L5 LILm i B+ (K bR 5, R
I AR, AU A ) U, BT LM R I SR AR, ML, MgTTiRZ

Na" 555 o

40



AR (RO 2R S

FMNE FTHlEKEXRE ST R AR R

UG ST W TC L 3 2 1 PR o SRR AR 2 X 2 T i P ) B AR ol 7K S T 5K o e %
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Figd-1 The sketch structure of SDS surfactant
il F Compass 1377, 4y 1 B # fie A0 35 i BEAR B/ B (diagonal and
off-diagonal cross coupling terms) F13E8#4H H./F H (Coulombic and van der Waals) % I, 41
4-1 s
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Arf q FORHAT, T RRARRR PR, & FoRRUHEE, i | #RARET.
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QR FATR: %, B HAE Visualizer B SDS. THLEE. K. AN TR,
FERIUA T I 7 ARG B 5 TR, SR, I Amorphous Cell Bille, $544

ARBEAT AT H] R IE A T
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0 4> MgClz. 4 4> MgCly. 16 4> MgCly. 32 A MgCly KA CEEHLERAMEE 7). WA
Jx SDS KIHTEVERINE (1% 16 A~ SDS [ & Fi#40); o, ik “build layer™# & AH4H &,
KR TVETEAINEZE T ACAHPIM, SKIEHE A AR, Al S T R IEVERE RO, 41519
BV EAR R, WiE 4-2 FiR. WUAMARBRIEG S 5001 T3k 4-1.

x 41 BRNEHSH

Table4-1 The structure of parameter of systems

A A MgCl, BiaR R A3 PR A
A 0 34.00x34.00%133.68 32.35%32.35%117.68
B 4 34.00x34.00%135.65 30.86x30.86%x123.13
C 16 34.00x34.00%x135.72 30.84x30.84x123.11
D 32 34.00x34.00%136.23 30.92x30.92x123.88

Bl 4-2 ERHIGAHRE
Fig4-2 The original configuration of simulation system

BRI ok, [ /KO S R T P 77 Sk B EAT 50 ps AR K AL BE, 3 s 1k
ke wE UL AR 70 TR RERE N LA o PO [ SEAT R Bk, 2547 300 ps SR [k
(NPT) B, A&V A PG S fEdbal E3EAT 1 ns 1) NPT Biftl.

BB BB 4% 327 K. 0.0001 GPa, i/ iliid Andersen 1 4% 4219,
& 773f 3k Berendsen 1 i 281420, SR FH Velocity Verlet 523056 - 5 FRghAT sk o,
SR HE ] Atom EHEE, B4R 0.95 nm, Ewald J7 kTS RO EAR Y.
RKIERE L fs, B 1psidsxk—REUEE R

N

42 FER5TE
4.2.1 B4

B 4-3 MR R . R, RIS R EER A KM btk i
ANIHAR A RS PEFIAE MR SR CRAT — e MRS 1) AR R R, X5 H AR 1
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SRR A 4P S S, Mk, BATOBRLRAT e AR . A
4-3A F] W, AN MoCly B4R 1) Na e H 0 4 F T 32 S50 AT 7R 2 THI 3 P 77 Sk 2 B
U, DHOMELEAKA . A 44 MgClL I, 3430 Sk LI K Na 4 Mg™ HAR, Mk
BEPFTITERE R, X2 T Mg 87l FL R SRR (1 i rURH B AR i S 20
UK 4-3B i, M44ksLmsKainn MgCl, (45 16 4~ MgCly) B, Na'ik—:5 4 Mg?* I
AR, KB AT BT, Mg T 35 243 A Sk K IR T, 41 P 4-3C FioRs
M 324 MgCl I, BT /KA B IRk sy, & 70 ST B SR AC R, K
(K Na*s Mg* s AifE/K MR, WP 4-3D Fiw. e n] WA D Bl ANE MgClp i, A
IV ILF e o 1 ARG VE R AR X I, AHS BRI, Ao R B ()7 5 R 5 1
WSS, AR RN S AR, X IR R TR VR S A A AR, 8GR
W P BTG S T 7 e ) IR e g

(A B (© (D>
M43 HREPEHRE
(A1 A% MgCly, B: 5 4MgCly, C: %5 16 MgCly, D: # 32 MgCly)

Fig4-3 The equilibrated configuration of different systems
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422 B EFISHREEER

35
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——C:16 Mg™
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20 |-

RDF(S-Na")
3
T
RDF(S-Mg™)

T T T T T 1
0 5 10 15 20 0 5 10 15 20
A rIA

B 4-4 REEMERPHIR(S) W E TSR T Z A K42 1R 2070 R
Figd-4 The RDF between the S (S atoms of surfactant) and counterion Na*/ Mg*

BN AR K S M B 21305, SR AT i R BORURE [, Hh 3R
PR S e v it St F R BT~ T 5 7K AR R TR AP AT o BRI, FRATT P AR 1 P ) s ) 3
AR A ST 38 I TS5 2 TR P 70 o i 5 O AL 8 18] (R A2 1) 43 A1 R 8 (RDF)
KA ST IO 25 70 T BT 1) o A A, 45 &l 4-4 Fo.

H & 4-4 72 RDF (S-Na™) nJ L, Na'ff 2.826 A kb BLZE—/N, 7 3.278 A 4b
HILEE AN, 7F 5.417 A ML HHBLEE =AM, 71 7.222 A Ab LS DA, 9.000 A Ji5 il
ERHEACT AT . IX B Na 7R FHIAL 73 A1 A PURRAS . 35— FH5E PN A7 AT H.
SRS IE IR T S AN, SR SRR B SR Nat R A S . HbEE
VG JI0 N 55 4 58 0 066 1 0 588 P STk, WA N ) Mg S R AR T S TT Ak 1 N
TS 2 (1) Na™ /0 A ZE KA o Na" 2 BT AR SRt o0 A th Te 5P EUR T (O9) 4
FESRF A B S [ . {H A BRIGE/E RDF (Os-Na™) gk (& 4-5 2K HHILT 3
ANEEL RDF (S-Na™) figk/b—ANg, X E RDF (Os-Na™) gk =MNMEAE (F—4
. 2.052 A, ZE AN 4,009 A, S A& 6.452 A) 5 RDF (S-Na™) HiZk#pu4s
WeRrE, AHERIL RDF (O¢-Na™) Mgk (55— MR YA RDF (S-Na™) HIZkirss—.
TR . IXELH] NaT S SRR B A S I 7 AT A, il 4-6 R (1) Na”
1E. O BRINEH B S N BEN S J57 I e~ il 5 2 AU R 45 &, ARk T Sk
[T [ IS S B E T K AR AR IR A SRRk, BRI Na™ 5 S it By de i 2
RDF (S-Na") [IZE—AMg; (2) Na'7EiIs R s R —4 O i R & g &, Al
N S SR FAE ISR S-Os 197 014347, M Xf %35 RDF (S-Na™) 58 — AN,
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A rlA)

Bl 4-5 SRR (O:) SR T ABE T Z IR KA i 43 A R 4K

Figd-5 The RDF between the O, (O atoms of surfactant ) and counterion Na'/ Mg?*

2.986 2.938

B 4-6 RETEHEF K Na+H P 5 E
Fig4-6 The equilibrated configuration of surfactants and Na+
& 4-4 47184 S JR 15 Mg™ B 1 1) RDF i<k, AW Mg® & It & A [Al %t RDF
(S-Mg*") I HH BENHM. A 4 A Mo* B 7I, #IZE7E 4.074 A KL BLES
— AN HUREER R, 7E 7.409 A Ab HHBILSE — /Mg, A K= Mg?® (16 Mg™*. 32 Mg™)
i, ML 3.126 A AL PLES — AN, 75 4.074 A GEHHBLSS AN, 7F 7.409 A Ab 0GR
=AM, WECE C A% RDF (S-Mg*) 5 RDF (S-Na™) H#hZkml ., RDF (S-Mg®)
B — NN ESE RDF (S-Na™) 58 “ANERIEE =AM (Rl R) Na™BE RS At s, 1%
T Mg B KA E BT Na B 1, Mg? BRI R T e 5 O il T
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(M4t . 2N Mg? il 16 AN, FURIXCHZ B SR, Mo™ 3k T2 ifee, 7
BT AR ERT B IR A, RS IER NS O IR R A G, MfifE 3.126 A kI
MBI, W 4-5 H RDF (0s- Mg®) Jiz, SN KE Mg?* iy, 76 1.743 A
Ab PRS0 B RDF (Os-Na™) [H55— AN & 2.052 A S in$ O JR-1,
X A2 T MEP T B KA E R AE S , Mo™ (K188 1248/ 1 Na 185 1242 0 FL HL i 2 ()
Na'Pif, D Mg™ 5 O Ji1 g &0 B IS O Ji 5k,
4.2.3 FREEMT BEEEMR MR

LR ST IS Mg® AR R Na™s Mo®™ 5 ToHLER 2550 A 15 0, JoHLER 287
0 SRR B A5 B Wi T Sk R TR i o HE R VR, SO SR T 1 7007 ST 9 4 2R 45
NS A, REVEEAREK T AP SEES RS T Mo I R TR
FTE 7K LI 19 20 25 45 AL R S 1 5

el & 3
(r«;i ) i i
o ‘@
EE e E #f
(A) (B) ) (D)

Bl 4-7  REEHEFRE 0 E
(A: A% MgCly, B: %5 4 MgCly, C: 5 16 MgCl,, D: 45 32 MgCly)

Fig4-7 Snapshots of the distribution of surfactant headgroups equilibrated configuration

BEFE AN MO (KR8 %, 9N T JE LR 25 775 2R TR M) Sk BE B (KR B 4, 5
TR VERAE S A A S B, JOHLER B IR R AR I, B 1O Sk k(A
(KImf BRI BT SRR AT U R B R AR . B 4-7 4 T DY AMAR R i I %)
SKHEAE I L 3 A AL P o pHE WL, BEAE IR RN Mo IR 2, SKARES A 1 Mg™
B Z, (AKRI04: BAHR: 24 CHAR 44 DMK 74 PR T HkAESS
I Na®, ISR RSG5 1) Na & (AfAR: 14 4 BAAZR: 1141 CHE%: 10
Ay DARFR 9 G 422 PRI —E. 5 Na" BTt Mg &rH
BN TR miar i, ik Mg?" S U Na™ 53k 3R g &, o Sk b il 1
HIBG 5, X PECT SR RIS . SRIE RS JE, SIS A Ko7 TR AR AR
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B2/, WRIE A 4-3 THEAGRLEE LK AT AR HIRE, Wi 4-8 Bos. i 4-8 1)
i, BEE AR Mo®" 8 I 2, RIS 7K 5 7 (AR BLAR s o 1)
I, Sk FPE AR TR A S k2 Tm) (R S A sy, DAL Sk e e 2 SE I3,
B 4-7 i, W E A AN A B MO B I =AM R e Sk A S50 i 3 2 7
C>B>A. {487 32 4 Mg* I, SR HEAT W) 8 S5 T, Wikl 4-7D s, B
AR st DAL A I 8 93 A T DR

2500

| ’i Interaction energy of surfactants and water \
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1000
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Systems

Bl 4-8  RETE M-S KB IR RE

Fig4-8 The interaction energy between surfactant monolayers and water
AE=E,+E; -E, 4-3)

SKAR IR AL BB SR EL B W R NS PE A MK S B 41451 . &l 4-9 Wik &
ST TR 0 AL R B P R Mg IR, H T Na By Sk S B
59, SREEHHMEL, REE A Bz mECR, FEUREE O AELGN, & 4-9A;
BN 44 MgZ B TR, Mg B IR T DB Na“ 87, il TRk, 890 17X
SKAEF AR R bR, SkIEZ TR HEFRuksy, HEE T35, REER A Hiz g2 mi),
M AR SR SR AR (A e, 45— 2 107 M A, Wi 4-9B B 48 16 > Mg?*
BT, Mg? B bR Nat B 7, 9F FL i TR A R B TR, Mo B 135
137 AR, BT SR ES, BRSSP AR T4 S, KRS
DR 7 SRBE R, DR RRABEHEAT SN R, ARy TR AE S R T T A
T2, W& 4-9C Frme H2400N 32 A M@? B 1, FeAi AN & DL s YL it A 20
ST ARAZ I SN, S AE 4 EL, & 4-9C Fron. ik, AT BEHR T A4
PIEGERY, [ 4-10 25 T A4S A M R AL . P 4-10 T, & 32 A Mg
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I, 53 TS PR R oA LS R BT N R IR SRR, 1] 4-10D 21 ¢4, Bl IX
R, TN Bon RIS PERITE S AL TR T — AP IR, 411 fis. AT
UE 7 R R S PR IR A, T T A RCE IR R BT AT BT AE XS s
z AT AR EE AT h 2k, il 4-12 B AL Xy J7 [0 IR 40 A1 R ABL i 3 37
B z 7 b 80 A ZE AT A P BRAR I IS R HT R AIG, 3 100 A Ze A7 BRI AR O,
b, FTRAfE IR ARG O — A IROR, BHARZ 25 AL =2 20 A, CPEEFEOK AR E.
IR R G TV 0 SR 3 350 151 A 2 B 5 ) 140 e B ARG 3 T 1 70 SR B A A, IX AR
fift R T I 4-7D R 4-9D LIS .

© (D)
Bl 4-9 RENEMEHN B AR EREE
Fig4-9 Snapshots of the surfactant monolayers of different systems

(A: A% MgCly, B: % 4 MgCly, C: 7 16 MgCly, D: 7 32 MgCly)

(A (B © (D)
Bl 4-10 R P B 4RI T- 4 LR I
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Fig4-10 The top view of the surfactant monolayers of different systems

B 4-11  RIEEHEFIFEBIR S A FRA R EE

Figd-11 The different view of the configuration of surfactants half micelle structure

22 25
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Bl 4-12 RIEEEFRIEBRREW TR T X« ys 2§07 KR E S
Figd-12 The atom relative concentration of the surfactants half micelle along the x. y. z-axis
AR S st 7 HRHEAR NG C i1 [ K B SO RIS ERII K. 18 4-13 O
R PEARN A o Ao B ATTH AR AL By Co D PUAMAR SRR PR 101
PR By A 13.804 A 13.954 A, 14.183 A, 13.806 A, PU/MAFR K K ANIT -
C>B>D>A. LRSI EIIE 16 A Mo A R LT M0 1025 i TN, 1
ittt g, FINIRYE A0 (4-4) HHARIREEMER R (C-Cr) MATFSE, W
K 4-14 fros. HIFPZHS, () H% T 1.0 R RIETER R A BT, Rk A

WA e m; S, (r) H55T 0 RoR BEES W [FIPE 20 A, B E 3G EL A RO .
S A By C. D ARG FSECEAN R — MEEERLE 5.20 A 247, (HIEHE 45
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& 0.4430. 0.4970. 0.6257. 0.4533. WX, WUMARKA PRI : C>B>D>A, X
SRR A

S, (r)=0.5(3cos’ g, (r) 1) (4-4)
0, RN iy j I,

W PR i BT e 2 B 1 o0, A3 2 T JCHLER R 5 3 22 06k i v 1t AR it K
FUIHT SR W (A S AR U B 4-15 JT7R: ANfr Mo i, SkEEImIE dud =, R
TSR, BT AL N M@P R T, MgP BUAS Na' 7 Skt i 2 4,
SIS IRVl R AR R/, FRTHTTE PR R ok M, R O BT s 2 Mgk
JEARH iy, XU S 4, SR RO IR I SY , BRKPE R ORIG 5k, 2 v 1 A
JE B IR AV F R AE ST I AR AR ), VAR A P I R R

Axl 11 A

&l 4-15 ARFE Mg™ VREE FRENEHR B 45 MR EE

Figd-15 The schematic diagram of surfactant monolayers structure at different Mg?* concentration

AR AN ELAT e 28 ST 549 BN [F) 2R RS PR A4 h 1 SRR V5 5 b AT
AR, PEANE RN 4-2 Prom e Al WL DY AN AR T 1 7005 AT PR AT EL A Y e/
WK : B>C>D>A, WIBEE Mg? R EERIIN, [ AUR AR 3 M 3 9 2 TS 0 5 A
IR LA ISR I JE B BB aG SRR W], i 0] 8 22k i 1Ay P4k L AR ELA i
JEAAFAEIRIR AR, TEAE R TINE ML) A AR A ey, J4 5 A B0 AH T A Y bk
5o TR PR BRI AT R AR 55, AAT)Z TR (AR LA e SR 2 DAV AR
PR . Myt e ) S T R B 5 AT 1 2 BRI OGO ik, FRATIEL CH,
YERTREE, VLT B4R RBE S AN oKl et A, Bodles Tk 4-2 o W]
DS ZIN 4 A MP I, ST 7 R S 5 AT e b T BB R, & SRR W DY A1k
F DM R RAMEIK A . B>C>D>A, X EEZE T2 16 AEEL Mg™ i,
Mg 2 S 34 42 R b 5 SRR A 5/ — il KR DR T S B Z TR v FE %, SR TS
PEF BB SR AL kS, BN 7> 7k LLdE N 22 1 P ) R o 1m), - R e 5 o 14
LU AN A e e ik, DRI 22 T PR B 2 BB SR A B HAT e R e i, SR
7R R B 5 AR AR EL A 4 55
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Fig4-13 The length distribution of surfactants
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Fig4-14 Orientation correlation Sm(r) for the C1-C12 unit vector of surfactants
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Fig4-16 The surface area of surfactant tail region
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600

’i Interaction energy of surfactants and ail \

Interaction energy(at)/kcalsmol’

A:OMg™  B:4Mg™ C:16Mg™ D: 32Mg™
Systems

B 4-17  SRIEE -5 MR AR R e
Fig4-17 The interaction energy between surfactant monolayers and oil

R 42 RENEH B HBREH LA EERSH

Table4-2 The structure and interaction parameter of surfactant monolayers of different systems

T RIFEMHERE  REOEEAS & Bl X dak

K& ) Sm(NUEME  AKHAHEAER WA B4R
THIKEIA /kcal-mol™ /kcal-mol™ FIMRUA?
A: 0 |\/|g2+ 13.8036 0.4430 2162.5537 452.1875 3704.9405
B: 4 |\/|g2+ 13.9536 0.4970 1872.6622 532.3313 3794.9800
C: 16 Mg2+ 14.1831 0.6257 1754.6813 480.1640 3726.9295
D: 32 Mgz+ 13.8062 0.4533 1547.9852 465.6226 3720.5195

4.2.4 REER

RIHRFFURIL ME™ B I, B T SRR HAT LU R BRI A A3 450, R
TRIEFEVER S WA AR, (HREEE Mg™ Bk B8 n, RS bkmS
TR RV EL A PSR M/ 5 T 3 TS P 700 55 e A E A 0 S 5 kg A AT TR A2 4k
A FTAE], X T A FUI AR R I 5 E R AR ? hitt, FATHRYE 2
X (4-3) W T REEPERINE S /K AR AR B4R e, Wlsl 4-18 fom. W&l 4-18
AT, B MO B ok RE (88 I, SR TR -5 i A A R EAE R S KR s, 4
A MO B8 I 2R THTE P51 1 2020585 e K B AR O S A BV F it IR 4-3 o, R
115390176 52 T AEBEAH AR F LA AR BAR BLA F vh (RS8R AN BAE o 45 AR R
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BT LA L RE RN S R AR LA F e — 230 IX R MR s M 77 - v KA LA L e 4k B
EEAN T A o X EEARBEAN AR T e e AR R AN A AR, A AR R
Hopz, TR AL By C AR ZR A BLAEHT RE A 220 5 S i ro AT LA ] Re i Atk 5 D |G
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WAEEAN AR
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Fig4-18 The interaction energy between surfactant monolayers and oil/water
4-19 NIRRT I7. PR TK 7 S K R ) B B, thiaR(4-5) P A
#| A\ B C. D AR MFLIHITK 1400 48.2538 mN-m™, 19.4143 mN-m™, 29.8432 mN-m™
1 37.4750 mN-m.
7:E¢1[%z_%(&x+RWﬂ

2 (4-5)

Lz LR R 2 35 10 IS Pz $8 R RAE z Bl T7 170 (1 D7 5K 5y Px Al Pyy IR R D)
[f] (4] s 7 5K

AR, A MO B I EE R, A Z 1 ST K 77 Sk NS 1, 4 A Mg 8 71
PR IR el X T Mo® B IS, Sk rm) i sl v bR fE PR 5, 41
M 1G0T R B VAT A R K, R T - A i 7R AR A P 0 o
XS O A KA SR R AR 7 R (0 15 D) S et e e B A A B ik )
% 4RI Mo B I, LB A P e — 04w, (HURBE S kT ) Bk 1
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RRal] TS LT S A AT A A P Osess , DI e B i 5K o Seafn Tt s FRAREE
AT M@ BT, R HERIS KRR, KM — D8, AR S AR S
TSR AR P A, R AT Ak A ARt 2, S 1 510 5 5 Ak P 7K AT AR T
B —Dkss, SRS K I REET
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| —8—The interfacial tension of different systems |

w N o
=1 =] =]

The interfacial tension/mMNem’’
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Systems

B 4-19 HARRFEKS
Fig4-19 The interfacial tension of different systems
R 4-3  RIEEMHFH S MK PIAHKAHE AR R RN
Table4-3 The interaction energy between surfactant monolayers and water/oil and interfacial

tension of different systems

(U A: OMg® B: 4Mg* C: 16 Mg* D: 32 Mg*

Total: 144273401 167050796  15713.6764 15648.9908
RIEEEFS  Nonbond:  14427.3401  16705.0796  15713.6764 15648.9908
WK PIAR R AH
1 4 ] keal-mol . Vaw: 180.2079  148.1238 164.6513 86.6654
Electrostatic:  14247.1322 16556.9558  15549.0251 15562.3254

G 3 /mN-m™ 48.2538 19.4143 29.8432 37.4750

4.3 INEE

KU BRI (SDS) WHFFUNG, it s Fal Ik T R Rk
MCly % SDS B{Et A K Jy IS A BOBLEE, 75441 LLF 4514

(1) B%E MgCly IMAIKEEMI I, Mo™ B T R R SR N 2, AR Na' BT
SIS NaTB T A S R R PR — R Na' BT —AEE T S
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B

(2) BiFE Mg B TIREERIBIIN, MBS 745 S AR UE M 2, X Sk L i
BERCHE AT 3, SLEE IS MR WS, 8 T 10 22 KA T

(3) B Mg B T-IRBERIIEIN, Mg B TXT Sk ()i vEL R i /B FH S T, 1T
VI (] AR BTAAT TR, AN 16 A MBS I 110 35 #3019 43 Bt Ay
P BB, R TS )RR T B T ST 7 0 HEAT, 24N 32 A4S Mg?* I 2 T3 171
THOKPEHE— D00, FRBESRAELLE, T MR 40 77 FL I AL T e s 544,
[ AR ) S A

(4) BEAT Mg BTV RN, 2 TR 1 70 2 5 AR A T R/ A
B>C>D>A,  H A5 H 2 1105 1170045 Yl AT (A VR FH B KMV k= B>C>D>A.

(5) BF Mg B TSI, 2T 3005 Yl K ST ek 23 T PR AT P B T
Ji: B>C>D>A, AT HIF AL T ST RIAE Kl : B<C<D<A, FrLMARIN
IR KN : B<C<D<A, 45 SR WA Mg i & (K38 I v 2R LTI 5K ) St B AR 1
IBECE R
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AU Zhe AR IR Y (SDS) LA K ke B4 L H R R BET IR R (AES)
ARG, R SRS 7 P RAUAN GG & 5%, TR ) # B2 58 T 2R iis P
s £ R AE AR oL SR B 1 5 R S PRI ROWAE L, R 245 LM &g

(1) SERFIUR MBI O LR EE R I, AR 2R S 5K 0 Se i N JE i, ekl
BEINE] IR LN, R VEFS B HBUB AT 2 0 . X oIt AES (i
HhRYEREPL T SDS, RIME MEFRIN =P HLER R M R RE KK . Ca h<Mg #hi<Na

N

(2) #E W SRR WIEHLER & 7 5 R IS PR A LR 455 07 AL 2:1 2908 &,
=R T, SIS A SRR Ca>Mg>Na; XFEEAIFST R, AES 5L
BTSSR gy T SDS, M AES i EhERENL T SDS. HE—L &N, AL A T
5B 2 AN T SRR B, o Sk R H ) BRI RE D AR K H
Mg>Ca>Na; & 25~ A i v 2 7] Sk iy ol ) FRAIR AR 03 /2. AES<SDS. [t
CRA BT S AR R AR 5 1R 5 5 5 RE LA B 70 S iRty i i I BRI BE 0, AES T 6
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