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KAy T4, B (Acros Organics A #))

Brookfield LV DV-III % & it (3£ 8 Brookfield 28 7)) ; MCR301 & 2% it A8 A% (B b F] Anton paar 24
7)) ; Fluoromax-4 2G40 0606 )E AL (3£ E HORIBA),
1.2 &ikELH

&8 7K m K4 & REW B 5000me/ L, 18 45°C 5440 T B A v i 5 1k 24h DR TRV W
AT A LT 5 I T B S 0 5 R SDBS 3 5000mg /L it il NaCl 5 3 ; 7 e il 8 A 4 e
£ 1800mg/ L AR SDBS ¥k B — & 51 ZJe i & 15 I ER Vi K .
1.3 AktEseayit

(1) WA B2 e 512 50 B I3 45 8 < T DV-TIT 2 B2 T+ D0 2 95 W 9 8 O 285 32, BT Dl R 0y 7. 34s 1, T
R 45°C

(2) 28 52 560 19 P 55 14 - Physica MCR301 i 90 22X, CP75-1 HEMR R 48 (A, 2°; B AE, 75mm) ,
WA Rheoplus MR 22 G2 s B2 28 N7 A5 L 0. 001~ 10Pas W33 B2 2y 45°C o Al 1k I3k [0 5
BN AE K 3% .7 0. 001~100rad/s U Bl P #EAT 30 A8 40 SR 4 4, 15 2 ik AE AL I (G RIFEREAR 1 (G,

(3)FEICTE TG - W —E BB I SR TR A i R P8 RIS AR I 358 4+ 38 50 ) i 1k
240, 15 3 F A A [A) B Hk BE (2 X107 ° mol /L) (4 775 M0 ¥ W5 %€ D6 ¥ & B i K Dy 335nm, I8k B 4% 95 i
Inm, &5 4E 582 Tnm, &GP 350~550nm,

2 HERAH

2.1 NaClREX 4 &R E MR E K R0

e 1 7R o NaCl i B2 0~10000mg/ L. 4 & 55 W) B9 R UK B BE & NaCl ok 52 B 5 i p s &
W . 24 NaCl ¥ 2R T 10000me/ L i, RS W RIRG BE T IV 22 . 23 HriA o NaCl ik B2 69 35 15 57 /K 45 &
A WIBE LB XU J= AR AL R AR W 98055 T R0 1 bl [R) ol e ey B DA B HE T 1 T 84 00 1 8 A AR A
i s [ iF NaCl o B2 i 58 35 0 A A 3 58k o 1k — 2B A2 0E 7 00 7 N4 20 T BE T & il . B LA B 8OR il
B K 4 R A YRR 1 2 PR AR L G SRS T RGBT B
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Figure 1 Apparent viscosity as a function of NaCl concentration of associating polymer solutions
2.2 SDBS REXMN%GEREYRIMER RN
wiE 2 s, 24 SDBS B 0~1000mg/ L i}, & SDBS ¥ B2 (138 1, 46 5 58 5 W0 (R RS B S sl
ka4 SDBS ¥ i 4 1000~2000mg/ L, Al BEAT — & B3 in, {H 34 Z5 ¥ A8 K 2 SDBS W 2 K T
2000mg/L B, 45 5 AW RIR B PR T B . 20 BTk R, i T 4l G SR 6 W i BB ik B Ry i B 4
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WP LA L e B i AERT IR A SDBS i, R W BA B RS th Tl EE UGS R G0 T
6] 45 o0 L T8 B2 18] R 28 45 4 5 1 J5 T R A SDBS S #1) 1 #4500 (45 NaCl 7E A D 78 1 . (8 45 &
B YIRS BE R M 78 J5 WIBE 25 SDBS ¥ 58 i, SDBS 5 45 43 58 A W0 B IR 45 I ok SR SR 1A, 25 ] IR 4% &%
e s, AR BE AT — % 19 b T s (H SDBS ¥ B2 4k 22 /9 180 L 46 5 RS W o 1 N g SRR — 20 e, 5B
JA 735 6] #4225 TR] 9 265 46 K4 728 8 FU gt » S 3040 5 A WK L T e
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Figure 2 Apparent viscosity as a function of SDBS concentration of associating polymer solutions

2.3 NaCl REXMEGEREW/REEER TR ER R0

Pe 25 AN TR NaCl e B 9 3R /3% — 05 45 5 0 I HC 3 SOLORY 38 il 282 i i #2457 e J32 74 Al oy £ an 1) 3 o
N o MEHAT LAE H NaCl By A L 2R/ F A 28 59 A AR RIS HORS BE A7 O 5 2R 6 A 25 63 5 % B
B 706 DX ) 8 0 3 R 5 1 o W R B NaCL R J3E AN [R) T 4% 5 B2 BN (] 9 1 IS 8L LA NaCl o JBE X 3R /
FEAT AR ML 2 N BUR =264 1 28 NaCl ¥ JEE Oy 3000~8000mg/Ls 55 I ¢ : NaCl ¥ &£ 2 10000~
20000mg/ L 5 [l 28 : NaCl ¥ Ji& Jy 30000~80000mg/ L, 45— H) NaCl Xf 5 /F R K B2 47 O 59 52 mig ML
AL, HEA5 AR R ORI L A 3 BR
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Figure 3 Apparent viscosity of associating polymer/surfactant solutions as a function of SDBS

concentration at different concentrations of NaCl.

2.3.1 %5 1 28 NaCl ¥ BE X455 B W/ FR G PR — oo SR BERY 2 anf&l 4 s 7e 28 1 2B4E
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NaCl #1i T SDBS iy CMC {8 ; Hifge K ZE R i NaCl #k &R 3000mg/L B4 360. 6 %0388 %] NaCl ¥k &
A 8000mg/ L I {9 566. 506 5 1A % Ay 1 5 DX (1] A2 74 K JIE 494 o o 30 08 OG5 2 3 SRR B R T 100me /L 1A
J5 KR AR A AN IR s 7 NaCl e B X [H]  NaCl i B A9 g o 1 3R/ R a9 2 AR .
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Figure 4 Apparent viscosity of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 3000,5000,8000mg/L

2.3.2 5511 28 NaCl¥R EEXT 45 IR G W) /R G MER oo R R 2 Wk 5 Brs 72545 11 28 4EH
Bl AR SO - BEE NaCl ¥k B2 5 58 0. 33 26 08 2 22 7 T [ . il NaCl # O 10000me /L B /9
310. 0 %698 /N F] NaCl ¥ B S 20000mg/L B (9 133. 7% ; 555 T 25 B AR AH L, 1A Z0Rs B H5c KM 18
SDBS HE/IN B2 (9 75 [0 5% 51 - R 2 1) 39 3 X 18] 228 37 22 6 5 4 J Rl JEE 1) P AR (E Bl NaClL o B2 389 i 38 Ok HL
K P IT b e T PR AR L BT SDBS ¥ B 5 /)y s 7E it NaCl X (8], SDBS #& iE 0~100mg/L i}, NaCl ¥ B 11y
BNz B 55 T 5/ 2 0 AH BAE I A6 = SDBS ¥ BE X (R B, 3R/ A BAE FH B NaCl ik B2 (% 3 i i
o
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Figure 5 Apparent viscosity of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 10000,15000,20000mg/L.
2.3.3 12 NaCl ¥ X 46 & AW /3G R ok &R R m ik 6 frs . 7645 I 284E H
RS AR AL R S - B A NaCl i B 0 35 . FF 4h (%) 385 285 4 A8 10 5 fe R 38 20 R B2 s A T B SDBS ¥k
JE R 20mg/ L B o AR 22 K B2 A B 0 S {E 5 [R) ) 39 286 DX 00 3% 947 48 9 5 24 3R 3% AWk K F 150mg/ L B, Ol B AR
LR
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60 ] —e—NaCl 50000mg-L”
—a— NaCl 80000mg-L"

AVimPas
8
I
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B 6 551128 NaCl ik B2 x4 5 2R A 1 /2 T T PR 70 oK 20k BE 19 3%
Figure 6 Apparent viscosity of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 30000,50000,80000mg/L.

2.4 NaCliREXMGEREEY/ FTHEEFN _THRZRTEMNI N

TE b3 = Rl OR [F] 26 780 i 4 PRS0 by, 4 BB — 41 NaCl ik BE 19 38 /36 — 00K R AT 5 SE 7 A8 5 98
I P BRI () NaCl ¥ 2 5000mg /L, 15000mg/L.50000mg/L; 7E LA b =4~ NaCl ¥ i i 5 / 3
A & v BOCHE G 266 DCR) b B B i T B B 5 LR B RS R 1 AR B e AR08 L 5 D R U SR
2.4.1 EGTUIKE BRI E  FETUDREEE 9 5B KSR G R G W o 1450 B 5 3 TR 3 AR ELAE
VA P /NS AR 2 08 o 2B B R iRt s 2k o W 9E B /K 2 6 SR G W 1) 4 RO0 LA B
23 T, WK 7 Fis .78 AR E NaCl # % T, SDBS Xt % /3% o0& 41K & 19 % 55 U1k 5 28 1k ih
Lk, KRR F T UL B BE % SDBS /4 45 fk 48 #4552 UL RS B2 AH s 4 NaCl ¥k B 2 5000mg/L,
15000mg/L B /K Z i EZEHE R X 1] 2 SDBS ¥ B9 0~ 100mg/L P45 i NaCl #& £ 25 50000mg/L
SDBS & FE 7E fm ¥ FE I, F o R TR IR E , Ui W HAE = SDBS W FEER AR R A — & WIS FE .
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7 NaCl ¥ B2 4 6 86 W/ 32 180 1% M0 o0 ik 3= 2 57 UIRS B2 09 52 )
Figure 7 Zero-shear viscosity of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 5000,15000,50000mg/L
2.4.2  KEBMEDE K 8 O NaCl vk BE X456 & R A YR i tE 2 m . W AT LUE L 456 R S Wi/
FEREA B NaCl ¥ B B934 m v/ » HAE £ NaCl ¥ IR R b 1K R FERERL I K TAE e 8, il ik &
AR RS 2 T AP A, BB NaCl 8 i Al 95 9 2 1) 19X 26 485 4 76 AS BT 1) B A & 2 5 S50 VBORY B R B 1 32
ZEHA
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T T
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B8 ANIA] NaCl e B X 4 3 5 5 WOkl 3 16 52 )

Figure 8 G’ and G” as a function of frequency for NaCl concentrations of associating polymer solutions

P9 a1 28 NaCl ik B2 XF 4 5 3R & W /3 T 6 M 57) — o0 1k 50K 50 1 52 NI b vl DL Y L 78
SDBS # &% 0~40meg/L B . (R 5 A fiff /FE REA I i SDBS ¥ B2 i 38 i i 385 0 . 78 SDBS #¢ & 05 40mg/L
I35 B B R 5 I SDBS Y& B2 HY R £ 38 19 it/ FERE R B T 4R T [ L LW AE I SDBS ¥ 2 Fl N . 1K
FR A L TR AN T A 5 L T VR R T IR R A ) N 45 25 4 5 2 SDBS #k B R T 500me /L i 4R 58 B £l / #E
REASE 2t /)N T SR A 2 T M 500 e 0 1R R L U0 B R a bl SDBS ¥k BE L 4 & v 435 [ 1) 4% 1] ) £6% &5 1 F R BC
fift T 0 N B 2 ARSI X SRS AT N A AT

0.1 4

G' G" [SDBS]
—a— —0—0mg/L
—a— —2—10mg/L
—4— ——30mg/L
—— —0—40mg/L
—e— —0— 100mg/L
—o— —0o— 500mg/L
—— —— 1500mg/L]|

@ ,G"/(Pa)

0.01 o

T T
1 10
ol(rad-s™)

9 5 1 28 NaCl ¥ B X2 5 2R 5 W/ FR T R 0] — ST 0K 0K, 3 f) 52 mi)

Figure 9 G’ and G” as a function of frequency for SDBS concentrations of associating

polymer/surfactant solutions, NaCl concentration is 5000mg/L

P10 S %5 11 28 NaCl e B X 45 5 285 W /2 T 16 1 57 — JC 0K 20K 55 M (0 52 iy MU v ol LU L A
SDBS ¥ ik 0~40mg/L i, 4 & (14 it/ #E REAS it Bl SDBS Vi B 1) 34 Jin 11 14 i, 42 SDBS ¥k 24 20mg/ L
35 31 fp KLk i SDBS e fith / #E REAS i T [ 5 24 SDBS W B K T 50mg/ L i, 4 5 (1 it / #E RE AR fiE /1N
T ARGV B Z . 555 1 AR LE 55 1 SRR b L 2T I 1 50 50 e o 32 K 2% 1) K L 52
T BUR UL (a1 SDBS sl 23 4K 3R 1 T A8 M R AR e

BT 26 1128 NaClok B2 45 5 585 W /2 10 TG M 700 — JC 1A 30K 3L 1 52 o o I ] rp ] LU ) 7 IR
P I A 25 A BEAE B R T A RE AL Bt L R R T LUK 1 O 32 5 (H 7R w5 O DX I, SDBS ¥ ¥ IX i) 75 10 ~
800mg/L I . A 2 1 fiff REAL 5 K T FEREAL i, HOR TR M A SDBS I iy 1A & . 4 SDBS #k & T By 1K R 1
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0.14

0014

G' G" [SDBS]
—a— —0— Omg/L
—&— —4—10mg/L
—a— —<— 20mg/L
—e— —C— 40mg/L
—e— —o— 50mg/L
—a— —o— 100mg/L|
1E-4 4 —e— —c— 500mg/L

@G"/(Pa)

1E-3 4

4 .
ol(rad-s™)
10 55 11 28 NaCl vk BEXT 45 G 56 W0 /35 18 P 57 00 1 2 R 500 19 52 )
Figure 10 G’ and G” as a function of frequency for SDBS concentrations of associating

polymer/surfactant solutions, NaCl concentration is 15000mg/L.

filf /FEREARL I A 25 A K. EWIAE W @ 9 NaClLREE T L B4R SDBS ¥k BETE RGN . H X0 3R /3R —Jnik R A&
PESZ AN K HEM A e NaCLR T 5455 R S ¥ B AE 9 SDBS /938 e i .

0.1

G G" [SDBS]
—a— —0— 0mg/L
—&— —A—10mg/L
—4— —1—20mg/L
—— —O— 40mg/L
—— —0—70mg/L
—a— —0—300mg/L
—o— —0—800mg/L
—»— —{>—1500mg/L

0.01

G4G"(Pa)

1E-3|

= 7 0 700
o(rad/s)
BT 5512 NaCl vk B2 45 G 56 W0 /3% 10 P 57 00 1 ORGS0 19 52 )
Figure 11 G’ and G” as a function of frequency for SDBS concentrations of associating

polymer/surfactant solutions, NaCl concentration is 50000mg/L

2.5 NaCl REMEGEAREW/REEERN _TER L/L E.L/LENRIT

BE R K 1 BESS T B G K B b TR A Y B K 26 G R B W EUR/ RIE &R b il T s K A
A K 55 4540 25 B A (8] 3 2 RS i 7K B DX A B e i 583 A [) B 7 9 90 BT 32 B RV Dt A A TR AT kg
T A TR PR VS 1 S S A T T G I 2 SR A A S TS — 5 T R TR K
FER) D IE S g al IR 670 14 5 AR AR B 45 5 1 (384nm) 5 1, (373nm) B HLAE AL 1. (475nm)
5 1, CRUAR R S e W) 19 LU AR 43 31 5 8 TR B 1) WO S5 A0 T R e 7K Al DX H AR G

FELL B NaCl g B 3R /RAK R AT 2O L8 . B8] I,/ 5.1/ L{6kE SDBS ¥k AL ih 4. 7>
BIE 12,13 Fix. W 12 ool Al 72 A ) NaClyR B (9 3R /R K R L/ 1 BT s T R (i e iy
SDBS e bl NaCl e & 37 A /0y o 15 NaCl o 5 R L7 5y e o 3R /3 M AT s 3 NaCl e JE
5000mg/1L.15000mg/ L WA R I, /1, A6 BE A £ B2 00 38 T w385 00 o 156 103 7 b e 2 90 P 6 A0 I Al
HE TR B K DX BT B 1 9 R B L i /K Bl DX A i AR L 17 NaCl ¥ B2 2 5000mg /1 i 3 %2
BT A gL K Bl DX R 2 TR PR R A5 4 A R A PR A TR LAY . NaCl ¥ 208 15000me /1L i 32 27 4 41 73
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FAIE B 5 24 NaCl 2y 50000mg/ L SDBS ¥R EEh 70mg/L B AR R I, /1, A 1k 3 5 K HAE /D T 17 %
ARV I, /1, {5, BEAE an itk i NaCl i B R 38 WA 3= o i 0 7K o DX IR AR M 2 0 55 5 T B ) 45 i) 9
2 SEAFE A5 ) I I NaCl e FE 52 0 T SDBS 14 %5 fff J3 , NaCl vk i 88 3 — 2 i . Bl 25 h vk B i 38
SDBS 14 %5 fifk 2 2 Wiyl /1N » RIS W b 5 46 5 3R 8 W0 AR A P A 2 T80 0% 1 50 A o A e el ) B TE R R
T 395 P 9 e I 55 SR R A D O 3 T I M R R A A T AR R RS L /T B L/ T AR AR
— R . M 13 B, NaCl (i BE 8 o #E B A2 1 5 7K Bl X A9 T B, 18 1 T2 BT 22 1) SR A 44K 5 [ Bt 2% B
W& NaCl iy BE3G I, I/ LAG MY T e et I/ 1, {5 35 B 580 (8 0 i 75 19 SDBS ik B/, B ik
Bt 7K R DX R SRR, SR B T/ T A 5 KAE BT 75 19 SDBS ik B2 8/ BB AE 5 NaCl YR BERS Bk 46 & B G
PO LI BT — 22 o B K X 2 T A — S 2 1) 3% T P 391 G 55 4 TR 1 791 Sk — 2B 1 T8 18 1Y)
KX,

1.0

0.9

0.8

1,

0.7

, —=—NaCl 5000mg-L"*
06 —s— NaCl 15000mg-L"
—a— NaCl 50000mg-L"

0.5 — T T — T T T
-200 0 200 400 600 800 1000 1200 1400 1600
C(SDBS)/mg-L"

K12 NaCl #kJEXT S & RAW/REEEN 0 R L/1 M m
Figure 12 I;/I, of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 5000,15000,50000mg/L
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0.6 4
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—a— NaCl 50000mg:L"
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13 NaCl ¥ BEXT 45 & R AW/ R M o0k R L/ L, 520
Figure 13 I./I, of associating polymer/surfactant solutions as a function of SDBS concentration at

different concentrations of NaCl. NaCl concentration is 5000,15000,50000mg/L
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BT RBEWRIRS T S8, U ZE NaCl ¥ B K F 30000mg/L B, NaCl X bk BT 45 & R AW H
SR I8 B BEA AR AN 3 AN ] 9k B NaCl X 38 /3% — oA R B2 mi L B NaCl ¥ B (9 A 5] 77 76 A [ 1 A A 2
BORE NaClXf 2R /38 ZIniR SRR BEAT A B R2 IR . 3 1 = Rl AS [ B9 1 PR

AR R BEAT S0y 23 D =0 AN [ B8 1 PR Y L 45 45 3 A8 S 6 5 66 1% 52 0 o 25 A F R BY 47 237 - 58
T 2R JE NaCl Xf 5 /3 — Ik R M52 0, 76 vk B30 Bl A NaCl fnss 7 2R/ SRAH AR L BEE NaCl ¥ 2
FG 8 00 3R /3% B AR B A R 58 R 2R A RS SE b L 38 s NaCL A 1 7 V8 TR0 28 A 8 7 B8 DX B T G o 56 R 3
155 o A D T 0 8 11 2R NaCl X 28 /38 ek R AU . NaCl iR B2 5/ R R B9t A2 M (2
H1 T NaCl B A 1A 28 05 WA B 1k 2 — A0 RO B9 iR L 45 55 3R 5 W0 19 3R 15 1500 AR EL A Oy, T 4% A B i
AR EL A 3G 0 (56 T 46 182 180 1% 3R /3 223 (] (0 265 B fige o 128 e ok 4 5 3R 5 W0 - TN B 4 55 3 T T PR ) B
A . B T 26 B2 NaCl X 3R /3 —Juik R B0 . T NaCl ¥ B X 45 5 A YR R0 18 2 1 1 A
et RS B2 R WY & R B RIS B T NaCl ok B2 5% i SDBS 1 %5 fif B2 76 /= NaCl ¥k B2 T, SDBS (1% %5 fi i b
NaCl ¥ B i) 384 I R SR/ 2 “ ook R b s R WG PE R E T F WP Y SDBS 545 R AW
AR CEL A B 2 — 2 B BT LA & SDBS ¥ B2 I HORG AR 22 A8 K.
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The Effect of NaCl Addition on the Rheological Behavior of Hydrophobically
Modified Polyacrylamide/Sodium Dodecyl Benzene Sulfonate(SDBS) Solutions

FENG Ru-sen'” , JIANG Xue'* , GUO Yong-jun*, KOU Jiang', PU Di', ZHOU Yang', CHEN Jun-hua'
(1. College of Chemistry and Chemical Engineering . Southwest Petroleum University ,» Chengdu 610500, China;
2. State Key Laboratory of Oil and Gas Reservoir Geology and Ex ploitation, Southwest Petroleum
University , Chengdu 610500, China)

Abstract:In this paper, the effect of different concentrations of NaCl on rheological properties of the hydrophobic
associating polymer/SDBS systems was studied. The results show that different NaCl concentration has vary on the role
model of the polymer/surfactant systems, when at low NaCl concentration, the thickening amplitude is SDBS concentration
of 0~100mg/L, the maximum growth multiple of viscosity is 5. 665, and as the addition of NaCl, thickening amplitude
increases; when the middle NaCl concentration, which viscosity-increasing section increases with increasing NaCl
concentration, However, the magnitude of increase in viscosity rapidiyrapidly decline with increasing NaCl concentration,
the biggest growth multiple is 3. 100; And high NaCl concentrations, the system is also found thickening. thickening zone
widens by the addition of NaCl, viscosity stable value also increases. Rheological and fluorescence experiments further
provide the influence of the interaction at different NaCl concentrations on the polymer/surfactant systems, addition of NaCl
was found to enhances the polymer/surfactant systems interaction and promotes form mixing aggregates of the polymer/
surfactant; also found high concentrations of NaCl affect the SDBS solubility, thereby affecting the the polymer/surfactant
systems interactions.

Key words: Hydrophobic associative polymer; Dodecyl benzene sulfonate; Rheology; Fluorescence; Hydrophobic microdomains
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