Wmow o F
Oilfield Chemistry

36 2
201946 H 25 H

Vol.36 No.2
25 June, 2019

X EHE:1000-4092(2019)02-331-06

AR RBEFEHNK AR EERIEREEER/
REW ik ZWRMITA

IRFZE S0 B B 2 O PR R RN 2, O 2, Tl
(LB RE FH 4328 W) SERAS I T Be Bt Shi IR 8340005 2. Bisst ik I SL 40 %, Bt Fohi a4k 834000
3. WP EA IR (LR, JEE 102204)

WE - ATZEMINEABAERAN/BED TR ELZ(SP_URR)ERTES TR E S HH 0, AR EES

BRTFHARFRRAY ABEENEERREBRWATH, FFREREN, KA F TR R EIE R 484
B -F D( 5 R E 6 55 TR 55 )1 038 K G AR, B I ad A2 v A 4E — AN RS R R I ey T 25 R IR 643 08 seadn
R G BN A B E WA B, R BIRE (SR B RE ORI K ) Peik s, Do 5 T BB Mg #5774
ko IR EEMA R A D WL, SP TR R EARR I B AR, SP UK R A A T IEAKIR b AR & AL 3 ) R

Wk AT R BATE A IR RS BA KT EMEF 09 D 2%, SP Ak & 4R 69 D K, R @ iE A fo A th
IR 35, R @ &R O ERSMMREM PR EIH, 14K 4514
G A AR R (QCM-D) 5 81/ B if s — 0 A ; (3500 5

h[E 425 TE39: TE357.46 ERERIRAD : A

FEITE M/ A (SP) — o0 & A AR Ry —Ff
TR MR JEE B o R MR AR AT T AR IR
R TR P90 ) 1 P i B e R I R B[R] i, B
U i S BIAL E F  A R e SRR AR . (R,
SP “ILE G AR AEH T is B 22 K AR A TR R HE Y
@Iy Es , SRR E R 5 RS YR P RV
28200 NI SE WA WO S8R . 5 B RAE SP —Jui &
PR AR TE R BB A, W8 SP —onE AR R
TEHL T 32 8% 1 A P A~ 500 B P i 58, R €
T R B AR A A E R, W] J5 25 SP —JTBE
FEHBVOTHRMHE . KT SP InE SRR
B TR0, W5 2 AT T O A T (X 8 T A 2
BRI E A 2 TR D 11 5 2 R O o ) A
L 10 Bl A R B 8 o 0 R R AT SR A

* IS HHA:2018-09-18 : 1& 5] H #7:2018-12-06,

DOI:10.19346/j.cnki.1000-4092.2019.02.027

TRV T 37 1 e AR Ak B ST oK ) AR R AR T
SR Fre 2 TR R o0 B, I 43 B 3R T T R R AN R S A
5] % 2 T 8% RF A 56 55 L R, 3 A 7 9 e o et A v
B4 XoF €L 4 5 1) BT R R /N o AR SR A 9 i AR i
TR AER ) 71 2F W5 Ak 2% 300 7 T80 5 1L 1% 5K
BRPRERAS AR, B A2 0 7 [ 5 T P e o 2 5
FEARAR F 5Tk AN, R I S Ao UK B FE R R L
WX,
| 1
1.1 RS 8EE

FEETE RN A8 15 AR & 20%, Tolk &,
A AT BA W HIT500W : Tolk S, A7
JFH 1500% 10*, [ & 2 90% , 7K il J& 25.6% , Jb 50 E

EETH : B EZRH R LI AL R 5 i RICREAR” (301 H 445 20162X05010-004) .

TEE BN 28MaE(1982-) , 5, =g TR, ZR b A i A i 5 KA TR Ll 14 (2013) , B2 F 2 = RISCRFE AR5, 3l TH M
Hik- = 834000 5 i 7L 37 5 AR T A5 7R 16 29 5 B kil FH 28 W) SEEG A F 7 Be 1 5% 313 %, HL1H : 0990-6880265 ; E-mail : luan-
huoxin1982@]163.com,



332 WomofL

2019 4

BT 15K R B s R I A A W) 81440 B
vl AL, B AL 11009.31 mg/L, T8 & 15
B B (P47 mg/L) - HCOs 1499.74 . Cl 5445.67
SO 49.64 .Ca® 114.18 Mg* 14.29 Na'+K' 4252.77;
FE K S A

Q-Sense E4 £ 9% iy (A G im K7 (g - A BRAR A
A soth i (ARG ) 5 SQP BUH 43 T KO
(TR FE L AT F] ) , Texas 500 U fEk% i 5w ok /1
IE )24 /NI D
1.2 SKIGIRIE

A1 AR R KOF (QCM-D) S AR 41 1T HL 38 1
0SS P S R N 7 ) | b A A S 1B SR
RIS 1 [ A VSR AR T, A T A A
SHZH AR AWHRY . QCM-D A 2 {2
RFNAFERL R 40 , HL IR B — A 0 A R
JeAE HA R TADE B = WA A5 M , 76 WA 7 o i A —
) N R B a SR DR e G A Y a e ¢ Y 3
AR SR A 5 K — /N B IR B . A5
A B FEPR AT T 08 7 FREs R 2 TG B2 B
PRI . YA R G , A IR R 54k
T, XU IO SR TR . JE e [R)AD A A 3 3
PRATR () FFERH (D), RGEERAF AT LUK 2
() oo, JER I, 286 A T B AT o

me=—cf (1)
D=E./2nE, 2)

Horf, me— IR R DU R i, g5 c— TRk
B mg/L; f—3L4RMR , Hz; D—FEELUA T, E—H617
fER, g om™ s E—AEfiRE R, g-cm s
1.3 SEIHE

(D) RE YW

¥ 2.78 g (5 A% HIT500W fil A 500 mL 1)
S 1#tAb B Mg A b B s 7Kk v, 4 4 2, T i) ol o f vk
&4 2500 mg/L W SR G B E S H . M —E
IR A W RO R, A9 B 0 e R 4 5k 300,
500.1000 1500 F12000 mg/L H S-S, %1

(2) 2 11 I6 P 00 7 R %) T )

W —E TR IEPER G35 15 A 81#4b 3
ity i A A B A % K T ) BB AR 3 BRa3 i h
0.1%.0.2% .0.3%711 0.4% i) 2 T G M, 25

(3) Ftimk S

K H Texas 500 Jie 5% i L 1 5K 7142, 76 40°C 5%

#6000 r/min T, I 5T i 5341 0.1% ~ 0.4% 1 R 11
TP A 55 D ) %) ST 5 T, O BT A {1

(4) 2 6 MR SR A5 W7 — A A RE R T g
BRI

K AT AR RF- (QCM-D) 4317 2% TG
P 3 R0 2R G W HE A R R T I B RE AR
QCM-D Ml 585 b o — S Ak i, 0% 3h 28 B9 Itk
0.1 uL/min, SER N 40°C, Joas SRR E T,
Jei 2% B - 7K W P A SIE IR i ST A S
A3 2RI K, 23R e AL BRAL PRI () FFE R
7 (D)4

2 RS

2.1 IR R Bt A 5 B i

15 K AE AR RE S A A R BRERE T R £ n 1 1
Fis o X il AZRIE KRN 8145 7K 5 AR (1) ik As
{HAA D K B, 38 A 81475 K [ £ 1£ 10 Hz i Bl P9 9%
3, M DAE 5> 1078 [ N8, 815 K iy al i A
LT ARk v R & A T RBNVE R, b4
BT BT TR SRR R A
DI B AT A L2 B A e I (i ARS K L2

=280
285k (a)
-290+
-205+
=300

sosE T N

-310-
- 3151 S 81#75 7K

-320} >
sl FK

-330F
-335¢

f/Hz

1 1 1 1 1
900 1000 1100 1200 1300
t/s

150
(b)

145 ..

T
|
!
|
|
I,
oo
T

D/10™°

JoB 81#157K
— -— -~
TR

|
|
|
140 |
|

[}
7900 1000 1100 1200
t/s

B J5KAE A b R R FE IO £




%36 %5 2B ARNEE, S AU S R SR AR TR B AE R TS PR R ) — TR R IR Tl 333

TR B ) JEE 8 B R, A B0 A 3 1 R A
BR,
2.2 FRTEEMEF e R Bt E 5 0
22.1 A EEMEA RS L

0.3% % 11 16 PE 7RV e — SR A RE D R R i
BRFERC M Z an & 2 i . 5KHH EL, 0.3% 2 16 7
RN AR — SE AR S A A Wi B8 £k B8 T i 4
FEE PR A WL B AT Ao = AR B 5 T BB f
PRSHF /N, D HRSHIG TN, 22 1HE FRPR B AE —AR
PRRELS 2T 5 26 T B B, ORI, D PRt sis ) 5
S5 TR L, NS YE TN, D GN8N , 2 1 164 790 g it
A T 5 0P S — I BTV R 1 2R T T R £
RELAS:J 4823 T 99 P 500 9 WO R, LR A D P TR A 5
VIR, 32 31— 55 Y1 1 26 T 36 14 390 00 1 45 2 Wi
Bt o G40, A R Eh I3k s — gl o e HAT —
TERREL AR BRI 2, 5T [a] B 45 40 25 S kL 7
S R R TTHEAS HAT AR | i 10 402 1o 3 42 741
R B 1 R 2 S A

0 i
~100F : :
e WRETKL %
N —200F : b e
= | 1 ‘lﬁ)[ﬂ?ﬁ‘?ﬁ
= 3004 ! i
| P
400} i i\ A
! VA
~500F ! I (a)
0 200 400 600 800 1000 1200
t/s
1
! Vi
200 : IIEH? m
150} [ i
S o0 i P
IS i FRTNE
NEZE Al
|
0 i | (b)
' L

400 600 800 1000 1200
t/s

K2 0.3%R S MR e — A At
B R AR R 2k

0 200

222 R ER R E AR AR

AN ) v B ) 2 T 3% P RS T P AR S
B B REHL I 2R an 7] 3 TR, B DR RN R ) )R
FEMNER 1 PR o Bl AE 2R G PR R B A 3G Ok, 2R im

PR IR A E A it VAR S TR VR RS 114 D L e e ik
/0N, W Bt £ )5 TT B B 15 22, BT DA I
FI4 V5 JEE ST 308 DR e /1N, A 2 TG P 50 o B Bk
0.2% I A7 7 fie KA o ARCHRE 18 3 1 3% 1R 57 0 578
TR R R PR BT R Pl T T A5
FFAZE Ayt R 50 R YRR TR E Y,
E S B REAN ], —LEM FRPRCRE IR A 70122
IR R A i B9 01 I, IR T 2 22 AR T i
A 2 I TG P K, A e TR I R by 2k 3% ¥ 7
R, 3 B SR PR Ay v vk R A B8R v ) 43 T LA
PR F 1T % B e e, W R A AR P 3 1 1 71
VI e VIR

0 } 255
—100} N
00l KEFIK
5 3000 %ﬁzﬁ'ﬁ?ﬂr@m
< 4004 :
~500} PV W
~600 ' ' ' s -
0 200 400 600 800 1000 1200
t/s
250
3 2
200}
150}
5
s 1001 R
50
0 SRS (b)
0 200 400 600 800 1000 1200
t/s
1.2 .3 4—& 8 15 80500 0.1% .0.2%
0.3%H10.4%
3 IRIRIHR B ) T b PR 0 v e — Ak
Tkt AL A W B RE F N 2
xRl AEREREBEEFEZSLERS LEHERE
R PR B 43 850 % JIE ) JEE 8 mm
0.1 8.5x10”
0.2 6.4x10°
0.3 5.7x107
0.4 8.7x10”

23 REYHIE R ERMFESR MW
231 RAMhe BRI ARl £

W R 1500 mg/L 1 3R A Wi Ar — A AR e
A LR BRI 2R N 4 TR . BA WIS TRE —



334 W H

(- 2019 4

SRR O P R THT 1) W PR ARt £ R D43 SR A B
B2 T BB, DA I, AUGHCR R SR A s
W5 55 1T BB, D 2218 B 1% F 9218 NI R EWITE
TR S T 1) W R T bk B A BT DA N
102536.2 Pa, fR IR R 7.5%10°nm. RS YITFEH
Wrh AR B SN, o FRER 1. 200 ER A
WIS W R B R, R W ) )RR B AR R U
AT B B ) e, PRt SR A Wt e B 25 o &
AR

-280f :
-300 ‘—"J,\__,F__
|

H |

EETK! REYITE
—340f !

-320

f/Hz

-3601

|

|

i
PR S I S ST SO SO SO S S
600 700 800 900 1000 1100
t/s

140F

T
i
i
i
1
120+ :

EBTK

- mawme—
i
i

D0

100} i (b)
600 650 700 75/0 800 850 900 950 100
t/s

K4 ROV SRS A LR BFEROTZ
(1500 mg/L)
232 Rk BT R AR

AR B 41 15 R T R A TS TR
TR ) L3R 2.0 FRTEE MR T i 434K 0.2%
~ 0.3% i E Py, Ak ) ] i 2R . It
T, [ 2 2 T 15 PR 500 BT A B0 0.3% , U R G W)
WeFE #EAT LA 5255 . 843 il A 300,500, 1000
1500 12000 mg/L -G , 4K ) 18 A 5t 5t 34X
0.3% Y R TE TG PE WL, 55 Wy AN SR T TG PR E —
AAbRE S i BRI BMFE RO & an 18] 5 s R G
T G PR e AR AR RS R T A R AN B )
i W3, AFREWURE T RIETEER 73141
BAER GRS IREE T BE DR
I, 2 THT 7% 4 700 7 R 5F 7 Pk 2R v R o4 PR e
T, AR 114 O T pbh 5 A0 5y 2R 5 W s VAR ) O o bl 2
TR

R2 ARRESENEE | SAESREMENREKA

FRRE R Bt 23550 % FLfi5K 73/(mN-m™)

0.1 0.02175
0.2 0.00336
0.3 0.00425
0.4 0.00736
! !
0 !
|
-100r o
| YV S
L 0 R
o 5
< 300+ 3
—400| 4
(a)
-500 : , . .
0 500 1000 1500 2000
t/s
200
N
L 1 4
150 — 5
© —5
S 100F i
s i
s0f EBE | RIEE
YR I i}
0 : (b)
0 500 1000 1500 2000

t/s

HZ2%01,2,3,4, 5 BAEWHR 5124 300,500, 1000, 1500
H12000 mgy/L; 2 1 77T i 53400k 0.3%

K5 RAEVMEEREERE AR b
(14 I8 RSP I £

®3 REVMREEHN _SLESH LERNEE

REWHIE/ (mg- L") HESFA 5 fnm
300 4.9x10°
500 3.4x107
1000 5.1x10°
1500 9.3x10°”
2000 7.8x10™

Joit i R A P R — 2 R A Y,
P I 0.3% 3% I PR A RS SR i 50 0 2
PHCHIE B RS ML B RS Y TR Y
TN, S5 b R R 1% 2 T SR 22, R
PRI B 3 A< /), 25 3R 5 Wk & T 1500 mg/L
IS I8 FRPARE R £ B9 585 10 B B (DR B, D e
Dl/IN) TR % o 5 B AR 3 A7) B R R e 2 AT
PO, BB v SR ) B 2 el 3 T 5% P 7R 7 [



% 36 85 2 B0 dudngs, 0 BRAUESE AT SE AR P R 2 BT RIS YRR S ek R T 335

VR THT Y R o B T I ARG 3 IO P T 1 T
PFE
24 SPZIE&UEFRKIR B FERF M

BC 77 2 1500 mg/L 55 1)+0.3% 4 T 175 14 551 114
SP —ICE AR Z , 1E 40°C T Y W B FE % ith £k 00, 1#]
6. SP ZILE AR MW EFEBU AR G )
VTR IR AFARL o XoF b3 A 2% T 136 2 790 4% 2R 1) 2 o
B2 T LUK B, SP —JnE AR 2 WS- At 4 D
B R, AR JEEBE A 1.6x 107 nm, 13 B 28 T % 15
A Y RIE 3G K T 1 R T B R R, %
T 17 1 7 DA SR AT 25 20 BUEE SR B W A LR 4811
o A 3 T 9 1 R Tk DA RICIR S B 5, B SP
TICE AR R IR E W A AR 3 1 ) I A B
TR T 2R T 1 R0 P R o B SRS %) T R o
i) - T G PR B s, ILis EZER BNV R A Y
WG BRF T 2R 4 o el AR A W A R T P
FIET, T RA W EE R, Wb B8 6e 15, 3R
TP FVARMELE S R WA, S 2 e SP e B Ak
FN K, AR B H 2 T 9 4 75 R A BE VR
U, R B SEV T T SE i A s iR B R A W B A R
WAL 17 136 A 751 R 0 A

-300F
-320f
340}
-360 L
-380 |
—400 |
—420|
—440
—460

fi/Hz

L xE |
™ Pk ST SPAR

400 500 600 700 800
t/s

220} (b)

200
180+

D0°

160}

i
i
[
i
i
i
[
140 i
i

120k, E&
I%ﬂ(

300 400 500 600 700 800 900

t/s

SPIAZR =——

K6 SP_JuE &R ARG LY
M B FERIHT £k (40°C)

2.5 REXTSP Tk R IR FEERI M
AR , SP TR A AR &R iYW M FE Rt 26
WE 7 fR, SP oo AR TE A bak  FE
A JE A B DDA L 4. B TRE AT, e
MR AR AW 0 F G2 s, =W E RN D
FREMART ] SR, A PR NS P 1
[E5] Y0 5 TET R T 0 B P B B el i O
1R B DDA 0N R JEE B R /)N o 3R P Dy
FhE AR FR A8 S AR, R ARG R DN A A
MREYZ 853 RAVE R 18

100
(a)
0 -
-100
30°C
N
T 200
< .
300 40°C. 23C |
-400
~500 L L L L
0 1000 2000 3000 4000
t/s
250 |
200 |
L 150 F
S o0t
50 F
0 (b)
0 1000 2000 3000 4000
/s
K7 ANERET SP_ItE AR R IS4k
e A B 2k
X4 AEEBETSP_TEAKRELECS
SR EENEE
IR R JEE B /m
23 1.60x10°
30 8.4x107
40 6.5x107
:I:\
3 énl/t\;

FHIAT 5 i PRI P H AR T 731 082 B £ S5
TE T RAE G YRR T R R AR 3R
TEE 14 52 SRty Pt DACTI PO 9 8 A 1 R 3 T O iy
BRSO o BB T PR R B O, A e A AR
T6] DB T3 KR B A A7 AE— S I W TR o 1 F- 2



336 Wl otk 2 2019 4

LI S 5 A 2 E R E AR G il () SIL. B, 00, . —C AR AL
ABA W) 5 A FE TSR ARG, D A HOR[T AR S IT %, 2018, 45(2):305-311.
‘ . o (8] Wi, G, 550, 4. D1 TALFR A PR L
A EIY| S . =Y -u-/S(A ’
]}LE{B‘ }ﬂﬁ{ﬁgf FEH Eliﬁﬁ THREEREY) ERLERBIIELI . FTMASER, 2008, 30(6):313-317.
BRI o] LA 2R T VSR A B TR o1 geyem, s, s, %5 o9 oy A2 A st

JEJE B R thnis R) A  BRHAE o BT T4 SR AT RIS SMHF A2 aA R, 2010, 38(5):752-759.
jj Sp :ﬁg%gg&%&if%{%%% R Zlgjcéljiﬁ'/ﬁ\/fl [10] DENGY, YUEXL, HU HB. A new analytical experimental setup
{R% BE?: — /%:‘VHSEHL:KH‘ E,:J @U}ﬁ%% ﬂ:%;ﬁg,fﬁﬁﬁp combining quartz crystal micro balance with surface enhancement

Raman spectroscopy and its application in determination of
T LTI St B B iy
A 2 AT A B thrombin [J]. Micro Chem J, 2017(132) : 385-390.

SE 3k [11]  YAMAMOTO H, KOZAWA T , TAGAWA S, et al. Study on

) dissolution behavior of polymer-bound and polymer-blended
(1] JEiefe, pR0Use, B, 6 JERE, B0t 1. 420 e

SRMCRMA M . AU Al Tl L, 1983:125-128.
(2] k1, 20, BaE. =08 G IR AR S e
FE[1]. 4K T, 2018, 47(06) :1243-1245.
(3] Z=Jk, Hiok, WO, S5 Bl M =50 & IR A fl Ho AR

photo acid generator (PAG) resists by using quartz crystal micro
balance (QCM) method [J]. Microelectron Eng, 2014 (129) :
65-69.

[12] KIM T H, BAE J, LEE T H. Room-temperature hydrogen

storage via two-dimensional potential well in mesoporous

BFFELI]. R LI TR, 2018, 37(6):6-8. graphene oxide [1]. Nano Energy, 2016(27) : 402-411.
(4] ZEACK, fLMAIE, 28R, Sd R RIEOR 5 =0 A 3k HRI AL [13] SHRIMALI K, YIN X H, WANG X M. Fundamental issues on
I SASRFAE LT ] ArihaAAR, 2018, 39(6):697-702. the influence of starch in amine adsorption by quartz [Jl.
(5] rephfe, kil ™, 45, Frmil i =0k AR gLk Colloid Surf A: Physicochem Eng Asp, 2017 (522): 642-651.
KRB R T ]. il e, 2018, 35(1) :139-143. [14] HASHEMIPOUR S, YAFTIAN M R, KALHOR H, et al.
(6] M, /SRR, IhEik, A5, 5508 = J0E & R3S Il SCR 52 R Investigation of bovine serum albumin/tropicamide interaction
F SNV FE [T, Al i T S 2= R 2= 4, 2018, 31 using a quarlz crystal microbalance sensor [J]. J Tran Chem
(1):35-42. Soc, 2018, 15 (5):1191-1198.

Quantitative Characterization of Adsorption Behavior of Surfactant-polymer Binary Compound System
by Quartz Crystal Microbalance Detector Technology
LUAN Huoxin"?, Al Ting', CHEN Quansheng'*, GUAN Dan'?, QUE Tingli"*, TANG Wenjie'*, XIANG Xiangxing'*
(1. Research Institute of Experiment and Detection, Xinjiang Oilfield Branch Company, Petrochina, Karamay, Xinjiang 834000, P R of China; 2.
Xinjiang Laboratory of Petroleum Reserve in Conglomerate, Karamay 834000, P R of China; 3. China University of Petroleum (Beijing) 102204, P R of
China)

Abstract: in order to analyze the chromatographic fractionation effect of the surfactant-polymer binary compound system during
underground migration, the adsorption behavior of polymer, surfactant, and surfactant-polymer binary compound system in
solid-liquid surface was characterized quantitatively by using quartz crystal microbalance detector technology. The results showed
that with the surfactant concentration increased the dissipation factors D value, which was related to the iscosity and elasticity of the
adsorption layer, increased first and then decreased, and there was a transition concentration from peak type adsorption to slow
adsorption. Comparing the surfactant solution of D curve, when first injecting polymer solution and then injecting surfactant
solution, the adsorption curve of the second stage of the D disappeared gradually and the resonance frequency f, which was related
to the mass of the adsorption layer and the solution concentration, decreased rapidly. The adsorption of the surfactant-polymer
binary compound system was reduced which was conducive to the design of the oil flooding system. It was found that the D value of
the surfactant-polymer binary compound system was bigger compared to that when first injecting polymer solution and then
injecting surfactant solution system, which indicated that There was a synergistic effect of the polymer and surfactant in the
solid-liquid interface adsorption layer, inducing that the surfactant was wrapped and could not be detached from the polymer
network structure.

Keywords: quartz crystal microbalance detector; solid/liquid interface; surfactant-polymer flooding; chromatographic separation;

quantitative characterization
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