55 39 %4 5 W owm 4t T Vol.39, No.5
2022 4 5 A FINE CHEMICALS May 2022

S 1L 52 2 5 8 F
— A SRR ST PERF B & & R RE M
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FEE: DORMRGEE . RGN WIREEE . 2- N IGwEe-2- FF LR 5k, SR A R G EHIR T —F
YIRS Y HEhAZE PBP, FIH FTIR, '"HNMR. GPC X HHT T FRAE, %P BMES . WSRIREE ok S
TASY DB IR EE T PBP-12 (12 MIRARKERE BRI T35 ) XTI 0 FL AL Ak S Okl AR ) - 78 PBP-12
B HCN 1.00%, KSR 703 BT, FRGH PR A MBS RIRIY 4753 mPas &
85 mPa's, FFZEFN 98.21%, JH/K I K 1 i AR INFEZLFINTAY 11.59 mN/m F%% 0.06 mN/m, 110 *C#fk 24 h
JERRBHR N 93.75%; BLEE R 1.45%10° mg/L 40 F, FREEH N 93.50%; 1 50 °C. # 1L N 4.84x10% mg/L &
PR, RN 0.50%H) PBP-12 IR EHIE M 56 mPa-s, #& T T 5407k M 58 P BRI MR (0 5 % ( 32 mPars ).
T RERE IR AR /K R R 4R BRI 37.45%. 4553, PBP-12 BRI mTE M, Emu fhi &
T HEA B KA GE ST, AT LAE ok R TG T A B A I B AR OR S S AR I SRR
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Synthesis and performance evaluation of an amphiphilic
polymer viscosity reducer for heavy oil
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(1. Unconventional Petroleum Research Institute, China University of Petroleum, Beijing 102249, China; 2. Sinopec
Petroleum Exploration and Production Research Institute, Beijing 100083, China )

Abstract: A series of amphiphilic polymer viscosity reducers PBP were synthesized using bromoalkanes,
polyethyleneimine, acrylamide and 2-acrylanmido-2-methylpropanesulfonic acid as raw materials by free
radical polymerization, and characterized by FTIR, 'HNMR and GPC. The effects of PBP-12 (12 is the
carbon atom number of bromoalkane) on emulsification, viscosity reduction and oil displacement of heavy
oil were investigated by using microscope, video spinning drop tensiometer and rheometer. When the mass
fraction of PBP-12 was 1.00% and the oil-water mass ratio was 7 : 3, the heavy oil with viscosity of
4753 mPa-s in Chunfeng oilfield could be reduced to 85 mPa-s, and the viscosity reduction rate was 98.21%.
Meanwhile, the oil-water interfacial tension was reduced from 11.59 mN/m to 0.06 mN/m. The viscosity
reduction rate was 93.75% after aging at 110 °C for 24 hours. The mineralization degree was 1.45x10°
mg/ L, the viscosity reduction rate was 93.50%. At 50 °C and 4.84x10" mg/L, the viscosity of PBP-12
solution with mass fraction of 0.50% was 56 mPa-s, higher than of commercial partially hydrolyzed
polyacrylamide solution (32 mPa's). The viscosity reducer flooding could increase the oil recovery by
37.45% on the basis of water flooding. The results showed that PBP-12 had good temperature and salt
resistance and exhibited better aqueous thickening capability under high mineralization condition, and its
solution could improve the recovery by reducing the heavy oil viscosity and expanding the sweep volume.
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A AT FH Sy oy Al B AR 4 22 1 A 8 e A il i
filk, ELA R . M2 R BEAL (30~50 °C). 45
BB P v (R o T B O SR A P 2R R AR
RAE, EFFEYLI T8 SRR, HREE
I REATEH, $CRTT R T kiR
FEEIB I . RIBCRIRAT (R 12.50% ). BEFES .
ZEVR R AR 25 SE A, XA XU FE R e PSR T I 1Y)
[, ¥ R AR A RE R 4R o RSO I Tk 85, i
2= R R B ARAE A A KRB P A BAE T 5 . Al
AL, RWCRIFES AN, BT, BAMREE TR
JRH I V8 R AR ST TRFZE . Fln, Tl
TR AR RS, R P I (AR T 2
B, SCER K BE EE, AFR T R A B R e T
TUAE PR BE B AR TP B A B T A SR R,
SRS , HOTIE R AR R T RBARDT, AR
W& o B 2 0 B AR B R . (U2 H AT
A3 828 260 700 S 1 B ALK il 2 8 ok w3 il /K O
Fb, 22T 3R J5 R 1 B X S K 3 B EL 1R R
AR, WO ERBCRREA R Hik, A3CH
XF E AT S BAS R IFES 6 B X AR Z 0, BFE
HH LA T AF B 20 N K AE 1 A 4 FH 1 2R G 0 U AR Tl e
B

bR TALZAFREEAN, A2f o e B i S SR iR
B — T BB, A0SR AT DU & — Fof [ Bk L4 R
R RN T R vl T 2 T Bk 23], Sl —F 2
M EbR, A BT RS IR R . A
SCUATS MG ( AM ), 2-T5 M Pk i -2 FFY 366 P ik e 4
(AMPS ), LMW (PED), BRACKEE A JFRL,
il 5 T — RN Z I REW R R G WM o il
1) R AN BB % 3k LA A T BRACAR I 36, i
A F @ FrketE, HoKs A B mse
RE NS4 o DKV O A v A B FL,  RIRE SR TR A
R SEGHF LS, B RAFARE RS 59K IMACR .

1 SRIGERSY

11 RFIEME

1-RARIE e (it 4348 98.00% ). 1-R A%+
Pt (JREE 98.00% ), 1140+ 5ke (i 4%
97.00% ). 1-BAC+ /e (BTiesr4L 97.00% ). 1-1R
& e (B 43 88 95.00% ). PET (A4 15

i 10000 ), N, N-—HIEH L (DMF, J5issr4
99.80% ). FHARMIEE (CAN, JRHE/M40=99.99% ).
AM( T 5358 99.00% ), AMPS( J5i 4341 98.00% ).
2,2 (2-HIEPEpK ) bR Eh (AIBA, it
5340 97.00% ). To/KLEE . FeSO47TH,O0. H,0, (it
AP 30% ), i, bigmRn T A AR B A
BT Foar KRNI (HPAM, HX 5+
it 1.2x107, JKFREE 20% ), SKFE DA REYHE
RN SCRET R K 8 fL Ry 4.84x10% mg/L,
FEEFHE(mg/L) R Na" 1.15x10* K" 126.60,
Ca*" 6.60x10° . Mg®" 59.20. CI" 2.92x10*. SO}
260.00, HCO3 652.00.

HAAKE MARS T #4575 45 (Y , 7 ] Thermo Haake
/N]; Frontier 5000 Multi Pro ZINRER ML, 5
WEPRE S (1) AFRZARE; RE-201D RUjEH 7%
K, RS & A R R Nexus f#
B AR LT AN, 55 Nicolet {282 ] 5 Zeiss
Primo Star W.7#%E%, f8[E Carl Zeiss B0 /AH;
SVT20N WS iE §4 ik 7t J11% , 7% [E Dataphysic 23 ) ;
AVANCETI 400 MHz ¥ {448 542 s I 4 B 154, 72
[E Bruker /7] ; Waters 1515GPC Bt 1%L, £ H
Waters 23 f o
1.2 WEBREYHEH

W iestE 1 B AR R IR RE R 5 PEL il ad e 31k
RN HATHERL, TP 4 BP-x (x RIRACHE Rk
JEF45), PEI 5{RACHEE SN R iR

N, /\E/\’ NH,
H 90 °C
NN~ NN~ \/"‘}’V‘ + Br — >
HN~N_~NH, x=8, 12, 16, 18,22
PEI

NH, /\ g/\/ NH,

I{J\N\/\N/\/N\/\N/\/g\/"‘}v

H 5 n
HN/\/N\/\NH

TR

BP-x
REERTY) BPx J5, ¥ W5 AM. AMPS

PEATREG N, FRIMCEREY PBP-x, FONH{L
W poRU,
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N‘§ i\l _\—NH+CH2—CHHCH2—CH+ZA
HN N\ ] o4 7 o
. 8 NH, NH
R)ﬂfNH N—~ + A + o N et )‘#NH N
2 8 g D CH,
gHN 0 NH. CH. N HN l
N’\/N 2 ] 2 N 2 SO;Na
% 2 - SO,Na yﬂ?H 2 NH,
NH 2
o8 NH AM AMPS " _§H PBP-x
iy =
HARG A RAT - BRI A Z L0V S SN, Sel sy vl s ot
(1) [BEMHFIMA 12 g (1.2 mmol) PEI 5 30 47525 HARERAE N Bl %00 0.05%~1.50%
mL DMF, $iifE iR, 4RS2FRI 3.00 g (12 mmol)iR MR RR AR AW, B, 0.20 mL/min 94 A K

Ao AR F, FHIMA 30 mL DMF i1
fif s W RSB FE AT R AR OB, 60 °C
T 30 min J5FHEE 90 CIE 6 h; 75 545
Ji (WA MG, I HITIHm SIS Sk BB
B HMIE 1 2R ) a8 R 2R R BR 2 DMF, 153
FEBPIR Y, BT ES TR 80 °CTEE 24 h,
RN ERE =Y BP-12. 4% BEAH R A B 26
AN RS K A = ) o

(2) FREL 10.47 g BP-12 THe#rF, fiMA 20 mL
TR IR R G A= 10 Blih, BEJS K 0.15 ¢ CAN
AT 10 mL Z8MBK S I = 148, 38 N, 30 min;
FRECAM (11.31 g, 0.16 mol ) 5§ AMPS ( 8.22 g, 0.04
mol ), A 30 mL ZEIR /K FEE R 5 A = H B,
FE 5 °CRm =B MA 0.01 g FeSO4. 0.012 g
H,0,. 0.15 g AIBA 5| &ZfIJ5 /M 1 h, BiETHEZ
50 °CI B 4 h 13BN EER =W . 47 W F L B i
VERBR R4, B2 TIR4ET 80 °CHt 24 h 155 30
g BERBOIR =) PBP-12, K45 1Y 7= ks ie T
BB AR THRAE . ASTRITRAC b T8 1 B A B ™=
Y14y 454 & PBP-8. PBP-12. PBP-16. PBP-18.
PBP-22,
1.3 ZHRMESHERENK
1.3.1 M EA4E

KM KBr JE R EEXHEES PEL. BP-12, PBP-12
PEATLLAMI, P EGE BBl 4000~400 ecm ™5 SR FHAZ
HEHE A E P2 "THNMR 28, %500 D,O;
BB E A (GPC) W . MHKEAE 25 °C, FEM
J e 1.00 g/L, YEBFISRK , i 1.00 mL/min,
AR B bREE
1.3.2 BfbM e

B ik ( Q/SHCG 65—2013 il Bl 4+
ARELSR DI FR HE DT R 256 7500 06k 7 XU 3o ) e 2 5 S o
[ 25 R R0 R G W = A, JF Hoh T RILRE

EHIETAE (BER 1.54 um?, FLELEE 42.58% ) Y
ABugEA, SN AR 5y, ik
st 28 89 U] I B R0 R, SR S PRI R LR 7
3 BB AR 5 BT U IS R R R S TR AR R
PR E T 50 CHEIRZ/KIEEIR 1 h, {3
PERS BN REAZ L)L 250 o/min BOFE AR IR R REEE 2
min &, AR E IR A LR IR R EEE,
THRRER R . FBRECRITHRE AT
@ /% =2"H 100 (1)
Ho

L @ HRERR, %; po APV, mPas;
w A RER G K FUIRE R, mPa-s,
133 RemEmiat

AL Hy 4.84x10% mg/L 147 XU 3L 1 )2
JKECH] PBP-12 ¥, A A8 450 2 3R A s W i)
FIEL B, 7E 50 °C,CC26 Ti b+, 8y % 7.20 57!
A NI
1.3.4 k5 2 srm

BSR4 R CImAE R 25 XU e 7K S, Jl
5L HE P601-X424 . P601-X450, P601-P197,
P612-X168 . P612-X72. P612-X276, 44513k A H X
WH P601 X5 Po12 XHA AT ) KFLIRIK
(KB E L 7+ 3) W 1 TEI b, Mk
s A Tz b, 5 TaYE BT RIRm
WAL IR A
1.3.5 @ik Amlak

B e 2 1 5 1 ik g ASCI s vk K ) B g
MRRIREE 50 °C, #£7 6000 r/min, 43532 5 5458
A JZE K | 55 PBP-12 VAT ] A AL 1w 9K 7, I3
HKE B -5 I B m () m(E)=4 © 1R R
1.3.6 A& IRk 5%

AT Z NI SE S PE G50 PBP-12 A9 5K
PERE, LSBT .
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(1) ¥EH 20~40 HY5 80~100 H A HEmb i
B, THELBIARRL. fLERE . BERI,

(2) A 0.20 mL/min 438 555 5l 3 A E 3 ab
B T AR, B O RS oK, T
TRHR 1 KRR, R AR AT AR, TR bR
EMIEAIE, A 24 ho WA AR
KWTF

14
S, /% =—2x100 (2)

Kb S, MWIEA S IMIBAEE, %; v, HIEBE RN
WIER, mL; v, MEERAKAER, mL,

(3) A 0.20 mL/min A48 R ) S P9 7 K 3K
M, HE A ACREE T 90% M1k, 0 .
FEHRIREL . . SKER D CRYCRAE . fkeR
AT

o, _ VK
.&/A—;TMM) (3)

K. f HEKE, %; ViR B PKAREE,
mL; Ve AR BAARL, mL,
RCRTE AKX

0% =100 (4)
Vi

R g HRICE, %; VbR B PIma AR,
mL; Ve R, mL,

(4) L4 0.20 mL/min B9 HE R A B 7V 0K
B, HEFHBREKEST 90%M 1k, o7 1.
FEHHAREL . RS KR SRR L.

(5) L 0.20 mL/min B HRHH1T5LKIK, H
EFEHBEKRET 90% M1k, ORIl . o
MR RS, BkR . RICRAEL,

2 HR5i®

2.1 FEMEERIRAE
2.1.1 FTIR % #F

¥l 1 2 PEL. BP-12, PBP-12 /{¥ FTIR [, [
1 ¥, PEI BYZLAMAEITEAE 3600~3200 cm ' 22 [A] FE7E 4R
TERIWCHs , W AE 3420 cm ' 4k, & H—NH,
BRI, SIEFAARIE AT L, BUETEAR A
B, BLBATE & W T A UAETE 46 A5 1 —NH, 451
WAEE—NH 4589, 1643 cm ' &b R {A e N—H 1
MR, 2927 F1 2854 cm ' b C—H
AR5 PR Bhid, 1483 cm ' A4b H BL—CH, A5 il P 3h
I, 1380, 1320 F 1113 cm ' &b M fffiz . A Kot
Ji C—N B 46 Bk 2 W Wi . 55 PELAH EL, 724 BP-12
LIANEERR T HA PEL BURRMEIESL, 7E 2854 .
1483 cm ' A0 B BE () C—H HERAF I 4 FH X 558 B A T
R, I H 1020~1380 cm ' [H] C—N 4 () 45 45 50

WA B A TR . & =Y PBP-12 2 4A g
7 LL EARIEESL, 7E 1605 F1 1416 cm ' &b Hi R
—C=0 MMMGIRMIIE, 1185 cm ' &b H—SO0;
FRFAE M s, 7E 760 cm ' Ab B C—S A 45 IR
Bl S0 Ay L e O AR A A
F|T7 PEL. #AR+ ki, AM. AMPS ByH:ER =),
WAL FALAIWT T vk, o AN T A AN [R) B R e L
HE =W ) A A o

PBP-12 16
Ao
BP-12 isg 7%

Ve

i ',43301320

3420 | H I2927 l2854 L | | L |
4000 3600 3200 2800 2400 2000 1600 1200 800 400
P/em™
11 PEI. BP-12 fil PBP-12 HJ£L MG &l
Fig. 1 FTIR spectra of PEI, BP-12 and PBP-12

2.1.2 'HNMR £#1

[l 2y PBP-12 ) "THNMR &I, K 2 1, §2.76~
2.92 LN AT JE T PEI Hhlst B H, 6 2.22
ALV )EF PEI A 36 B H, 6 1.53~1.81 4bIHJR
T AM T8 FAYTH 3 K AMPS FHEFR 755,
6 2.08 ZLIHJE T AM Fl AMPS 4% B | ¥k 319 i+
55, 03.05~3.33 JLH N AYIEIT)E T AMPS b 5
iR i A AHE O F LT 155, 6 1.38 AbIFJE F5IA
KB b B S i H, 6 4.70 40 R3] D,O 1Y

fir 15,

T b

\\\:\\\\\mf Hg_\—NH-[»CHé-jH-];fCngH«};
é,g NHZCH,—T-[—{CH:;
W\

G d
SO,Na
NH,

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
K2 4% PBP-12 () '"HNMR [

Fig.2 'HNMR spectrum of polymer PBP-12

2,13 RAMAGHENSSTFRERLS>H
2% 10 H GPC 22 1) SR A W W AR XS 43 F ot 1 43
FTRAEI
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1 BEWY PBP-12 WARXS 43 It et S Ho o A1
Table 1 Relative molecular mass and its distribution of
polymer PBP-12

M, M, M, M. M+, PDI
7727 19226 16864 39567 59678 2.49

3R 1 AT, REWREIIAERT o+ i (M,)
7727, EIHXSFEUR (M) h 19226, Fhi¥Y
X F i (M) R 16864, Z AN 40 i i
(M.) N 39567, Z+1 ¥MIXI o+ (M) H
59678, TEWINAIX 4+ it Z 43 ibEHE £k ( PDI)
S 2.49, FKHRE WA o> F i A ARE
22 FHKEXEFUIEMNEME

W EBEAF KR S PEL Hk, 58] T
A SCEER BRI PR R G, H4& T 5 FiORTR S8
KEERRERR . X 5 FRBERERIAE 50 °C. JhuK i
Fbhy 7030 BEEEFIBT G 0808 0.50% 554 B i 2
PEREZEAT TIPAN, 2RI 2,

F 2 SCHEA XTI RSO A5

Table 2 Effect of branch chain lengths on viscosity reduction
of heavy oil

mipense PRI BROBL g
1-IRARIE e 4753 468 90.15
1A e 169 96.44
1A e 420 91.16
1A\ e 535 88.74
1A e 683 85.63

H2e 2 A, B 1-VRAR T e il 5 i B 2l 77
ORI, FRBh %A 96.44%; v I H b 32 55 K B 1Y)
TRAR e S Tl £ I R R ) R S R 25 . IR T
Ha i b e KB B A 1 2 OCE RS IR . W TR A5
B e, (A H T BRI — 2 etk . 4
BB Y45 F v e 35 S A 55 R S o A ) 25 R A AR
IF, BEBGFIARE T G s e AT, IR BN i R B
BRI, MR I AR O A e B A I A S B
KB REAE A R R FLAL BRI BE e B
FURT AR R s g e,

23 BEFHFIASEXRERBRBENME

P 5 S AR B i 43 50 PBP-12 IR %
MOKBE L 7 2 3IREHSIE, 7850 CRIE e
1h, MEREGFRERGEEE, HHHERKRER, 4
=3, K 3.

M 3 ORI 3 F i, B MR o B
T, i A R SRR T 4 v o R T R A ER 0.05%
BF, FEZRRAN 65.29%; it 8uinE] 0.50%H,
P AOEEE S 169 mPa-s, FEEEHRN 96.44%; Tt
SESEIME] 1.00%, FHIMAIEE R 85 mPa-s, [

RN 98.21%; 17 4 REZE I T /3 BUA F 1.50%
B, BRI 40 mPas, FERERINF T
99.16%. X/ TRERR B A SR R miG T, @
FREAR T K B gk, B A FLR N WO B
AT O/W B 3 i AR A5 FLAR VU Sl ) i =2 )
{14) JEE 82 5 78 h BH 3 BB /N B /KO 22 ) R BE 4, B T
JE B R sh e . seAh, TERCFUIRTS , FRERFI S
B 3R 4 7R Tl K AL T BRI, PRI B O/W FLIRB Y
FasEtk, Mk BRI I8 A B 9> BEE R
FiAIHE R, FUARAE B G, BOLRE R
AR B, SRR R BN 1.50%.

3 KRBT 54 PBP-12 (R RIRCR
Table 3 Effect of mass fraction of PBP-12 on viscosity
reduction of heavy oil

Ceil R 14 72 36 B2 /(mPa-s)

L T
0.05 4753 1650 65.29
0.10 1266 73.36
0.30 498 89.52
0.50 169 96.44
1.00 85 98.21
1.50 40 99.16
1800 100
1600 -
1400 | 180
~ 1200 3
n; 1000 - 1605
< 800+ &
‘% 600 140 &
400
200 1%
oL, ! ! ; ! ; ! ; — 0
0 02 04 06 08 1.0 12 14 1.6
R B 22 43 B0 %
P03 AN [l Jo i o3 e 266 700 B e 2 i 2%
Fig. 3  Viscosity reduction curves of PBP-12 with different

mass fraction

2.4 JREHFhIEXT R PE R R B
PEFET 6 Fh XBRIhMFE1T 5250, AT RRZE
PBP-12 XA ] A B RH AR, a5 R L& 4,
2% 4 PBP-12 XFASTRI AR A4 A 2G50

Table 4 Viscosity reduction effect of PBP-12 for different
heavy oil

- WiaEERE,  AIEIBTE SR ECT BRI R /%

(mPa-s) .05% 0.10% 0.30% 0.50% 1.00% 1.50%
P601-X424 4326 54.81 6527 85.19 93.64 97.83 98.76
P601-X450 2137  69.75 76.43 87.53 95.18 98.16 99.25
P601-P197 10027 43.76 57.25 66.19 82.26 95.27 97.64
P612-X168 4753  65.29 73.36 89.52 96.44 98.21 99.16
P612-X72 2290 67.52 79.81 85.43 91.26 96.54 98.79
P612-X276 1853 7021 77.64 83.26 94.78 97.25 98.42
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I 4 F W, IZFEFR AR ) XU i R
HBEA RAFIIREFESOR . 3T P612-X168 H, i
f£ 5000 mPa-s DL ABRTM, R & o B0k
0.10%FMmf, FEEERHNAF] 73.36%; MiXF T P601-P197
It BEAE 10000 mPa-s DL FAOHE, FRELF) T
SR 0.10%0], FEFEFEN 57.25%, X ATRESE N
FERR P I . Wi RS SR E L, M N
RIS 2%, 24 R 28l 70 e e AU e N 2 D i 72 e
WAL RIVEFPIRES, FERRCRIRL, HERE
FEFEF DA s ANWTEE T, HOG i 4143 A9 F ki
Z¥h5E, HBRRUE I W LR SRS, RIIR
IR R R . YR FRI TR O 1.00%8), X4
B 6 FPAR M A R R AR B R T 95%LL .

25 BEXNBEHIURHIENMG

# PBP-12 450 0.50%MAERATE 110 °C
TEREL 24 h, M ZALETE PBP-12 BYRERNTE
fie, SRR P612-X168 FEM, /KB LN
7:3, ERILAE 4,

12000 o KRB
10000 —— G (EBALRT)
-~ mRE (EhE)
2 8000
[+
3 6000
% 4000
2000 -
ol \ =
30 40 50 60 70 80
1BEE/C

Bl 4 il BT R B AR 152 el

Fig. 4 Effect of temperature on viscosity reduction effect

M 4 B, BEEREMATE, TR kKL
PRI B RE BEB WA . AR R A BRI AE 80 °C
T HYEEE R 1043 mPa's, 30 °C T ARE S
MIRRRE R 1216 mPass, “HFEEHET . UAWIRE & 1Y
R 26350 AT LATEAIGIR T 35 215 $CR TL-F-AH [R] 14 B 26 3%
e, R R R A SCEAT A R . BRARTTR
REFEITE 1o BEAN, X EG SRS LA G B2 IR B
MK FLR G B ZE R 26T DUA I, &0 i 2 A X R
R WA L, BRI RIS, EAR
HECH 0.50%0F, FLARWE 50 CHIEHH 169
55297 mPa-s, XJRiREEERS 510 96.44% (ZALHT )
5593.75% (&A4b)5 ). BEFNFIEEEIL 24 h 5 FEER
ALREAR 2.69% , & WA K 2 70 2 AT e Py ot ol 1 7 o
26 ARTUETHEFREIRE

5 W FE M2 K 4 2L B 4.84%10* mg/L,
HAP AL R R 6659.20 mg/L, DN EXTFE RS
FIA R ER R ATV o BCHRIAS [R) 8T 4k BT BB UL ik

JZAK, AE 50 °C. BRI BRI 0.50% AT, %
T LR XT R RRICR I, S5 R IR 5.

K5 FER AR 1R M

Table 5 Impact of salinity on viscosity reduction effect

WAL EE/ PMRIGR R B/ BRRNRRE esrae
[ ZE %/ %
(mg/L) (mPa-s) (mPa-s)
0 4753 169 96.44
4.84x10* 230 95.16
9.68x10* 275 94.21
1.45%10° 309 93.50

N5 B, BEED LR MR, FRERFIFE BT
RIFREAMNE TR, LB TR, BERIER
AR RE 2] LA 96.44% ; TEH AL Jy 4.84x10% mg/L
(7 KU K e, R R R 95.16%, AHAL T2
BT KRR 1.28%; M LEERIINZE 9.68x10% mg/L
BF, FEERHK 94.21%; QRLRIny™fLIE % 1.45%10°
mg/L, FEFEFN 93.50%. nI UL, & fk B %z % 2 71
PERERIRZ M/, FWIRE R A R AF (it £8P fe
EA% 15 N A KU A2 A5 R 2 T IR AW
A BT T #R A R A AMPS, i RA WA
FEIH BT 1 T R RE
27 WXEEAMBRIETEMRE

TR 2 AW PBP-12, A8 HA i R
AM 5 AMPS WL, Al —RINAFEREY
PBP-12-(a : b), Hf a: by AM 5 AMPS Ry 5t
M b, BRICHXT R A W BOGTERE R, 45
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