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AU BT Y B BG4 T [R5 5 —SOH A
—CH,CH,O— Wi 28 E K 3L A, e 5L B RU AR 25
T RIZLAGRE RS M RR AR B, LI REAZ T 218 L =
ek v R T RO il TR B R T . AR BT ER 1 |
FERLE AR bR AL T FEZE R AFOP 1) & %44, il
FH IR .GPC FINMR Z1F T AFOP (W 4544 , %8¢ T 1F
e vl 2 BRI T B 7] AFOP X J LA 7 %) [ 2tk
B BT K il b =N =i A e ] i ST
TXFE

1 SISy

1.1 RN

XL AF 6856 R (A0 & 1 65%) , o3BT
ali, b BT T A AR B A A7 PR | 5 Rk A
(OP-10), Tk g%, INARALER L TRHHARA W 5 1
M (A 30 i 37%) VA B AL R R (A A0 i
98% ) IR EN AL EN /KA AL EE (SRS, 4
Mrali, [ 254 AL 220 A BR A 7l 5 IR T R S 4
IR IR AN (AES) , RIS S0 b AT FRA R R+
K5 ETE S X b 2 ALK, 0 L 8246 mg/L, £
B U R (B mg/L) A : Ca’' 221, Mg?' 55,
Na'+K' 2817 .HCO; 595, Cl- 4558 ; {1 B il 2-1: %%
J¥ 0.9781g/cm, B ¥ 3500 mPa-s; EIHEARH 2-2. 5 i
0.9987 g/em’, Eh i 7650 mPa-s; I M 27-2 . %5 FiF
0.9785 g/cm’, %/ 3000 mPa-s,

WCCF TG 7 78 TR S N 48, VO &8 KR ARt
FALE A BR N 7] 5 Frontier BILT AMEHREAN , FAA R IR
SR A5y A R 23 ] 5 Water1525 Y AH (433542 . K 100C
AU 5K 1A, 78 E v B A2 7] s RVDV-TU BefE 3
BT, 26 FE A TY W-200A g S ok )
A, AR T RRIR LA FRA A . LT-15/11/B410 Y
i B E R RNAF
12 RBH*

1.2.1 FZE7) AFOP 895 5%,

KRR 2 G L AR R

5 —Fh T —— I PB4 0.015 mol 1Y
XU AF DA S ZEH, A 50 mL 97K, 3 i1 0.03
mol ¥R BL IR , A — 22 5 i 4] 2 3L R iR L OP-10
5 B KV W, L XU A 55 6] 35 R RS T 11 J2E
IREE M 1:4,0P-10 Jin: Ry XUEY AF BEJR G 6 4%, HY
T Jin 2ok OP-10 JBE /R S /i 3 4% s TR B 4, FHIR =

80°C , 72 H AL [ 4.5 hy SR 5 FHIR 2 100°C, 47 R
SN 6 hy R H) i E ST BOMAR, il A NaOH % i
HURI % pH=8 ~ 9, RI15485 % (. 2L IL R 55 AFOP.

B ——i A = Bedi . $50.015 mol 1Y
XU AF AR 28, JInA 50 mL (7K, ¥ i i 2
I3HUR 40% 1 S A AN A VA TR, B FE 0 AT IF
i, AT P2 LR R 55 P BOKVS, FF R et ,
T % 80°C, ¥ H AL SV 1.5 hi i A OP-10 A1 i
IRV, FH B 43 B0 R 30% A B R 1 18 45 K &R
pH=3 ~ 4, 4k 2T 80°C F #4712 BL b ) v 3 h; 8%
Ja FHEE] 100°C , 45 U 6 h, Hog 7] L, A1 @
FLALFEZ 7] AFOP,,

122 ##F4e

214N (IR) R AE « A KBr JE A il £, R
Spectrum one % £T AR HEASOG 5 B 5 2 7] AFOP
HAT M, 4 4000 ~ 400 cm'

¥ g 2 4R &3 ('HNMR) % 1F : % JH] Bruker
AMX-400 I #% i e P P 35 A5 5 By I 2 )
AFOP #4773 #7 , R FH 5 mm C/H BUBER Sk, Jik ]
P 1.8 s,

B O35 1 (GPC) M« R FH Water1525 Wi A
TS B B 77 AFOP FOAR 231 i M
Oy AT HEAT S BT, K I 2% : Water 2414 K5 £ , PL
aquqgel-OH MIXED A (4,341, Ji 3l 4H A °47 0.2 mol/
L NaNO, & ¥ . ift 314 B 4 0.01 mol/L NaH,PO, i#
W, 2 A E 1 mL/min.

123 HgEmR,

(1) Stk J

FH Ak B 8246 mg/L 1 £k 7K B i it & 5 5k
1.0% I B 5 71) AFOP 35 , FH 5 35 4 5 1 300 °C 4
AT 24 h, A —3E 12 1 BT 18 50 40h 5% 1) NaOH ¥
T, VTR pH 2 9, 2 IR LA i K AR S AT
Fr#E SY/T 5370—1999 {3 i S F 1 5K 71 W 5 J7
), 16 5% 5000 r/min I 50°C 1) &40 TR H
JY W-200A YT S 5K 77 {300 1K 55 it i
2-1[EI St sk T o #esX (DT A TR I I M

3,2 _
o= =P).| iD=y (1)

A, o— 515K J1 , mN/m; po— K AHE JE , g/em’s
p— A B, g/em’; o—EH% T R, r/min; D (=
2 ) — BV A9 T8, mm ; L—H A9 %, mm.,
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(2)BEFh 3

BRI 2-1 5 b I e il i B G SR A R 4
MK 7: 3R A, Be i B0 ZLAR W , 2 B8 GB Q/XL
0506—2003 (B FLALFE L) , 76T EE 50°C %k
200 r/min B Z50F T PGS 26100 2 K TR A 1A
IR . Q)RR

o= "4 100% 2)
u

Krp, O—FEFR, % ;BRI I B 55, mPa-
s su— R Zh 5 M AY T , mPa-s.

(3) FLi S e eI

15 100 mL A7 BE 4L A58 3ah LR g s o
AHZER P, AE 50°C 1A IR /K I i E 60 min,
IR R BB ARV, #2228 (3) 1155 A SRITTRE R
7K$S:

=%x100% (3)

Krp, S—HARTIRENIK R, % s V—Hl LS 1k JS
(4 i K AR AR, mL; 30—100 mL A8 1 2L 09 & K &
mL,

(D) PrEb s

I35 ER W B 8246 6185 ,4123,2062,1030,
515 mg/L YRR /K IE i 57 122 70 K5Ch 1% 09 B 251
AFOP VW, 51763 3 2-1 5 B Il ) A 1k 2R
MK b 7: 3184, FLHI B L AR, T 50°C , %
ZEN [l £ VR B T 1Y AFOP YA 1 W8 it 19 FL Ak B
ArREFLILIE K A i 7R LRV, WU B R bk
PERAT .

2 R 5HE

2.1 PF&FF AFOP WL 1R

28 GPC M43 Hr , T 5 MU R i 751 AFOP 1948
PIAHXT 43 oM 11196, J5UR} BPAF FIlF=4) AFOP
LT AME RN 1 s . 3400 cm™ () B2 06 & O—H
1) 48 4 PR SR s L 1608 . 1511 11459 em™ &4 FR
(A)E JEAR AR B 3l X (=04 ) , 880 em™ J2& A FA DU HiLAL,
(R AL UG 5 1248 (1176 em™ Sy C—TF S (1) {447 = 5
WCERE I, 740 em™ J&: C—F (9725 il 4% s i g >,
724 AFOP 5 JFURE BPAF 13X JL NG LA — % ; 836
cm™'4b A CH,CH,O BTG M L4, 1109 em ' 4 H 81
A O EET L C—O My fil 4 i 2l W I, 2960 ~

2880 cm Ah S K B o B 110 WG S0 I | I BH AE JROR)
BPAF 5| AT K&k HIT DL KR LR S RTT
i iR 55 B AR 1A h S—O R#fiE s HH BLAE 1030 em™' 4t
FWI BPAF L5 A THARIE—SO,. 5 LRI, &
B P B AT = R R R I A SR 20 R AT G 3
AW, R B AR .

BPAF

735

AFOP 12411120 27
830 M\/
1176
1608/ 336
/ 1030

151171248
3400 1459 1109

1000 500

4000 3500 3000 2500 2000 1500

Wok/em™
1 JFALBPAF G ™4 AFOP L IMEIE R

2.2 PFEFSFIAFOP W& R &L iE
221 ARIE&MLL

R0 AFOP A5 BB £k 1) EZE X IR 72
Ak By BE SO AR R R B ME 22 57 R —Fh Bl
2k i R B A R N AR R M SR 1 R AT S PR T
R —" W IR, 5 R A g 4 02
SRR AF X2 BERRR PR AT R R E B S50 3k
TP AR, J5 IR ZR et in A OP-10 ##47
F2 R SEAC RN, d5 i R AT 4 R R B —— A =
Byk” o SRR, Wi BGR T A Y AFOP, JiT
TR IR B 1.5% UL LA HA ZLALRE RE RO, i
WAL = Bk "4 i) AFOP, [Tt 4380 1% Y
FHAHNIE 98% LA L, H.5 ity R v 1] i A1 5 vl
ik 107 mN/m B 9% . P 2D = Bk AT WU AL
FIVE R, FERRE A5 T, XU AF FIG 38 J 2R R #11
Az BRE IV T R T S, B T R 0 B A L
B, AR AF DL ROR R SRR R P i R R
L RRALER Al A B H far A T 5 P R A e i
T BB S, A BAS TR) 0 35 FR S 1y 8 5 7 R 1k
ST, R BRI 1Ak, A5 A Bk LAl A I
FEL T, I TR PR S 1 LR, AT R
X R FEIRBE IR XUy AF LA B ot i 1 58 4R 2 M ik v
IR bR A A TG o 38 B v R A PR T
& 155 OP-10 19 #8 F JE s AL, & IR i R A 8508
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Sy, mREAL S BB B SR o 2L
JEAT A FEFRACR , L LA RS — M4 & L
TRREREF
222 HiRBLbiLik

AR BLARTE LR 5 BRI R 2677 AFOP YR e 1
My shae A Fr2s 5t [ 72 F AL B B it
S FAE 80°C R R/ 1.5 h, BRVE S FAE80°C T [
¥ 3 h, SRS TE 100°C T 46 B 6 h, A B H AN [A] 5
TRTC R0 o DAL AT T 5 v 1 P B ) V5 T
Bic il Jo e 53 K5Ch 1% I /K VBT, Fe i 7K E A 7 2 3 B il
B FLIRIR , FEHE 50°C , I 5 LRI B4 H 7R K o
B EERILER L R P2 3RS RN
AL, SR 3R SN T AA R A ) OP-10, A RE LR IE
FERGRIRIPTEREE S ot 1.3 .5 4L SC g4 % T
L, XU AF (9 fI0E 75 38 B, Uy AF $8Z21), FEZE
BRSO A8 25, 7] BE AR T DR S o 3 A v s 22 W7y
AF B H AL, AT 40 RS, 51 A T i Z RN
PEGEF 5 = U 3, (A5 B 2™ S AT 43 o o
B KA 22 RIS AF , & 5= P L
PR AR KA, BEBHRERE R 07 h 5 A =95 3k
Je B T AT R A R R T A FLAR R
ROR . M5 3.4 6 L SLIR AE X L Rl A, N LA
HROR 55 X FR SRR R PR B, T 5 B ) R 8 7R A g
AR FL I, B2 R 68 0 X B R R , 4 fig
TERER AR PTERBE 1o 5 IR FLAL R B 7 b 5k
fiE 1 DA R LRI A RS e M, 1 R Fe A XUy AF X 5
FEHERETR (OP-101C M 1:4:6,

F 1 EKEE/R LT BT & R MR BT B M AR RS

n(X AF) :n

A Opeooew PR BUKR Sl
) :n(OP-10) " " (mg-L™)
1 0:4:6 95.0 60.0 6185
2 1:4:3 95.4 64.2 1030
3 1:4:6 98.3 55.9 8246
4 1:5:6 98.0 56.5 8246
5 2:4:6 9.5 66.7 2062
6 1:0:6 0 100 6185

223 A mEAhL

R AR AR B AR T IR T R M BR AR A, XS B 2 R
AFOP [9& LA AT AL , TR BEXT 0 45 14 T 72
FH 3 A Jsz 07 s () A 5 7 3R BE , WP 2 A T 72 34k

20 Fs 18] #1128 pH, OP-10 5 HCHO JE /K L, 45 B
S5 7 ) RS2 R ek B A S A A A T T Ak, T
AN 5 G R b PR R R 2R, LR S 30 S5 1 SR 2
RANFR 2P o BRAFFIRTR AL, 72 H LAk B Bl 1
ZA R AE 80°C R W 1.5 h, RS54 T 1 80°C U 1
3 h, pH=3 ~4,OP-10 Al HCHO [ FE /R [t hy 1:3, %
AAE100°C T4 RN 6 ho HI 32 AT 1, B 41
T ¥ AR IR HE AT 1.5 b, [ 2k % B AT 5 5k
98% , M FF — 2 FiE K S5z 07 e 1] i P 28l AR AL AN K
P 25 F T 3 Ak i I TR B S AR, & SO T L
FEASTE A S 7 b I B RE P RE 5 24 I B2k 80 C i
SN AR W A Ry 3 s e — 20 T i P BB B
(AT R, IR 22 R R LA S 1 v TR AR A7 4 3R
N7, LR o 6 B i R T R A i HH Ak
RNEARGEAE A I RE A RO o B AR TR
UG R R 22 . I AL B BERR M 25 11 T I g
3 hg = BRSSO N A R . TR
PRk S5 2 A B SR IE B F Y 5% LR, 24 pH
(A R I, 27 A 2 Hp G 0 1) S - £ PR 5 T
PRI BUA 1 B, DA TT 52 M) 2 R 64k B iy i A T
il B W RE b 2 TR A S e R LA R AICR 24
TRZ ) pHAB R 3 ~ 4 B, 7= 0 il (9 B 2 3 v ey
ik 98%LA I, OP-10 f HCHO Y FE /R Lt Ky 1:3 1),
P HR I B A R R AR o PTRE  JRRL A
AR R AR RN AR FEAY, 4R B RN A L R
B RO S B G, S B H R G R, R AR
R ER - 119 22 70 55 TP Ak IS It 2 A R 38 i 5 {EL
PP 8 2o e B 32 S B0 7 Ao R T R B R . 4
RN IR 6 hif , BEZRE 3 3k 98% LA |- FfiE
RN B EE  fR R rp R LS R, R R
S B iR, S R R B — e (S
245 SR S0 18 T SRR T Y A I o Y R H—
PR, B Fsf T, 448 6 o g, ARG 43 o o
A H G E A A 4 R, A RE =0T
A5 T HE A K T Y RS ) FLRI , AT 3K
PR BN . 45 B L 7 IR B RIS, s 1o LA
FH A o 3, 45 B OB ME L E B HEAT , 4 A R
(R 77 il 48 5 Tl A 5 R SR B AR, s X TR i
B, 7= e AR Tl %) R e R B AR R RO BT
AR, 28 LTk, 45 Hh B2 1) AFOP e ft & sk 14
U~ . BPAF PHSA Fl1OP-10 FEE /R L h 1:4:6, %
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F2 FERFAFOP AR MBI

WOk P TP 2 [irgé L [irgé e OP-10%
%Xl%ﬂﬁﬂg}i Pzl TRWE MR TRFRE BER FRPE BFaR/ HCHO & FERR/ BRI BN, GRS B/
Tl Ko WEMNE S % LR % A % S % ] /h %  REC S %
W BF (8] /h o N IRE
JE/C ffl/h pH
1.0 96.7 50 85.6 1.0 974 1.0 97.6 1:1.0 90.4 4 90.6 80 0
1.5 98.3 60 89.3 2.0 97.8 3.0 98.3 1:2.0 94.7 6 98.3 90 90.2
2.0 98.0 70 97.2 3.0 98.3 4.0 97.8 12,5 97.0 8 98.2 100 98.3
25 98.2 80 98.3 4.0 98.1 5.0 86.5 1:3.0 983 10 975 110 97.8
3.0 98.1 90 97.9 5.0 98.2 7.0 0 1:4.0 95.7 12 95.6 120 88.0

IR AL B BEm ME 25 1F R A 80°C N S 1.5 h, R 2%
S 1£ 80°C ) 3 h, pH=3 ~ 4, OP-10 HI HCHO ¥
JR s HE oA 103, e ZAE 100°C T 45 U 6 he
2.3 FEFHF AFOP HyTERE
2.3.1 #ARE M

& 2 M FLAL B F) AFOP (1 #E f2 . FE
AFOP7E 300°CZ A1, H FREWN 0 & 2K
B, REW IR BRGNS Wz S
(7K A3 ¥ 5 5 1 F /N1 L 52 003 il (AR e
350CHEAVRE MR, (A2 IR $] 363 °CH, R A&
Y% B ATk 90% L b, T A B A i AL Ak
B3 AFOP BRI PE R K.

100

380 ng/c
95% °
80 \\
N
S 60 \
i |
= \
40 \
\ 500°C
20¢ 13%
~ e |
0
100 200 300 400 500 600 700 800
IR/

E2 AFOP fhv il 4k

232 FuiBaT AL

FHA AR g 8246 mg/L Y ER /K i il — £ 51k JiE
(T 5 43 450 1) FL Ak B 25 50 AFOP I W, 25 = i
300°C .24 h &AL KK W R pH IR S 9, 4%
K LG 72 3 T AR LA, 7E S0°CTF B AR b
N FLAC T B K S5 R RT3, Hy B 3 A]
A1, Y AFOP i BT, 2405 B 2L AL 3R
IR R IR ;2 AFOP I iA 3 1% 1,

PRI A B3R5 98 % , Ak &4 K AFOP fin et , Hih
1) R Zh 2 ML RS e M AR K. AT RB R A
2 G FLAR RTINS /N HELATE B LA K Ay i 252
FHIT O/W FLIBAR 2 | bl 5 ZLAL IR 2 SR i 14 K
TERCT O/W ZLARIE i 1A R A 285 2 2 1 % 5 B 7L
PR ZEF N 1 — 2B 3 K IR R AR R e HL A
TR AR LA S B 7K AR R 2, LI B T LR T 0
ARAEAR /N BRI, SR R R LA A 550
1% ~ 1.2% BRI AT 3R 3 b () FLAC B B8R, 1 HL o] LA
T VA R e R R I TR A TR 2L

100 = w100

80, /

|
(e}
S

S 60 — 60 &
40 . 40 =
—
20 20
ol 0

0.6 0.8 1.0 1.2 1.4

W/ (mg-L")
3wt s AN R EE AFOP X HR 1B 2
EY\E RIS
St R 5] 48 oy 64 T4 R s R
el 2 A A PRI 5 7L AL R R AFOP X A [R] 4
TMAFLERERSOR WA 3, RS FTLIE L, mifad
PER IS AFOP W FEZEPERE TR WAZ Ak, ULHA BT & A

R3 BRAIEFTE AFOP X A EFh b pE R R

233

W AT L/ TN R EAE
(mPa-s) 1% FEFEI%
A 2-1 3500 98.6 98.3
EE AR 2-2 7650 97.6 97.1
AR 27-2 3000 98.1 97.8
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K270 AFOP (47T I i PR -, X AN [R] 7 R LA
RAFFLALRE R
234 5 &IALA AT

it —20 T fif AFOP P ZLALRE 2l 1 R A1 S BRIy
FAMAE , B F T 47X L SE 5, % e T FOP R i 2L
k77 OP-10 . AES F1iH FHFH 8 26500 1 1) FLAK RS 28 1
RE, 25 WAk 4, R4V L, HIR T AFOP A5
Tt LA K B R G 70 AH > 1 FLAL R b g
R B A AL B BB 75 AFOP ELA 553 B FH 26 71
S LA 7, BB R ATh5 98% LA | fH
ZH7 OP-10 F1 AES &K 25 T ZUALAICR . H ] AT,
A L R AFOP FLAL R BRI B -

4 AFOP Faih H ABEEFI A AL BRI BELL B

g EALHIRERN R, BIORMERR, KSR/
% % %

i R R ) 98.7 98.4 48.6
AFOP 98.5 98.3 35.0
OP-10 99.0 0 100

AES 98.6 0 100
3 4t

DIRUy AF % 52 355 2R i 2 A1 OP-10 2R 32 % i
BE, SR WA = B ) & B 2 7 AFOP, 38 1o H2
IR 3R 5L 907415 1 S A & L 5% 42 : BPAF . PHSA
FIOP-10 Y EE R by 1:4: 6, 5 /1 JEAR I B 4%
T AE80C T [ I 1.5 h M 2514 T £ 80°C J i 3
h, pH=3 ~4,0P-10 Fl HCHO FE/RK [t} 1:3, f 5 7
100°C T 455 SV 6 ho

T4 BRI 5B 77 AFOP HA i B e e e
24 8 figk LR T8 1) 363 °C B, 3% BE B 4TS AE 90% LA E
AFOP 7 5 il = ER 18 O T EAT 0 R A 2LAR R Rk
B TE WAL BE S 8246 mg/L (R L Eh K K &
300°C T i ifi &4k 24 h 5 X i AR i e 2 2247
REPRTF 98% L) I, FH1E 5K 77 v 35 £ 10" mN/m i i
G5 H JURP BRI AR A B b i LA R B A5 R B 28
RIJIK97%LA I, AFOP J&—Fhi it £k E e 57
LR, A B T e s S T TR
53 3L -
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Synthesis and Properties of Emulsified Viscosity Reducers with Temperature Resistant and Salt Tolerant
LIU Yigang', WANG Yanping’, WANG Qiuxia',JIANG Cuiyu’, LIU Hao',ZHANG Longli’
(1. CNOOC Tianjin Branch, Tianjin 300459, P R of China; 2. School of Science, China University of Petroleum (East China) , Qingdao, Shandong
266580, P R of China)

Abstract: In order to solve the problem of poor temperature and salt resistance of emulsified viscosity reducers used in chemical
flooding and fracturing of heavy oil reserviors, a temperature resistant and salt tolerant emulsified viscosity reducer AFOP was
synthesized using bisphenol AF (BPAF) , p-hydroxybenzenesulfonic acid (PHSA) and octyl phenol polyoxylene ether (OP-10) as
monomers by two steps and three stages method. The structure of AFOP was characterized by IR and GPC. The viscosity reduction
effect of AFOP on several kinds of heavy oil at high temperature and high salt was investigated and compared with that of the
viscosity reducer used in oil field at the same environment. The optimum synthesis conditions of AFOP was obtained as follows:
monomer mass ratio of BPAF to PHSA to OP-10 was 1:4:6; under the alkaline condition of the hydroxymethylation stage, the
reaction temperature was 80°C and reaction time was 1.5 h; under the acid condition, reaction temperature was 80°C and reaction
time was 3 h; finally, the polycondensation reaction was carried out at the temperature of 100°C for 6 h. In the simulated brine
system with salinity of 8246 mg/L, the interfacial tension between Bohai crude oil and the AFOP solution with mass fraction of
1.0% after high temperature aging 24 h at 300°C reduced to 10" mN/m, and the viscosity reduction rate of heavy oil reached 98% at
oil water ratio of 7:3. AFOP had excellent temperature-resistant and salt-tolerant, and could meet the needs of heavy oil recovery in
offshore high temperature and high salt reservoirs.

Keywords: emulsified viscosity reducers; temperature resistance and salt tolerant; viscosity reduction ratio; emulsifying property;

bisphenol AF

(FEZ 716 51, continued from p.716)

process has remained a main bottleneck, limiting the use of BCX technology. Simulating the formation condition, the SRB inhibitor
(nitrates) were injected into formation water daily or at one time during a laboratory research, which eventually facilitated the
breeding of nitrate-reducing bacteria (NRB). In this case, the amount and metabolism of SRB were under control. This research
aimed to evaluate the influence of different nitrates injection on the concentration of SOi”, NO;, NO; and H.S and the quantities of
SRB and NRB. The results showed that compared with the injection at one time, daily injection could not restrict the decrease of
SO;i™ effectively while NO; and NO; remained a low level. Moreover, both methods did not produce H.S. In the early stage of
management, injection at one time produced more NRB than the daily injection. In the late stage, SRB was restricted, and daily
injection presented a more inhibitive effect. During the SRB management, excessive nitrate was injected in the early stage to
stimulate the growth of NRB and inhibit SRB. Later, small dosage of drugs with continuous injection could be used to maintain the
above inhibitive effect.

Keywords: bio-competitive exclusion technology; sulfate-reducing bacteria; nitrate-reducing bacteria; nitrate; injection method
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