®EI
2006 7 6 A

[ = R No.3

ACTA POLYMERICA SINICA Jun., 2006

MAKBRAGHREEARZKINENREFTSN

EE

FRR® Ao

LE AN 7

(' REYATIBEAEHESALRE FRBREBLTHEERE LE 200433)
CHELGAEMBABEREWRR KE 257015)

WO AR gou A3 K B AR R (LIPAM) /K B/ R K — M ST B4R R W R AL A R AT 1
BT, B i ot 2 B AL B 2 SR A A AT, R BB B R TR IR BB N A T B 30 1 22 0
#,X AR AT B A 0N 0 B FT SR LB R B ) R [ R S R R AN R PR AR M R R M LR
FUETRER AT ANFR BB TERERERCI IFIBNRERE AR ST 5 RKFAE
VI ot 5k P A P R B R L AL, R S AR U N S R B D AE  EBREE - MESME R
BAIE S b Thay , 60— — SRR ARURRAE . 7 A SR T It 7 TR WA B 24 2 250 me/L R 3F4R N Y B 4TAS

FERCP B, T LA R A R P A R R AL

KA MKMEAIRBE, TR, R, WEY, $0¥

BN BB (PAM ) /K BRI 1A 7R O 4F R 19 &
ERABHTERER SR EZENA, FIIE
AYEH TR HBALE &I EIRTAMN
EF RN E S PAM K R B ATHK DO 0 R I
MEREWMBE TR N HBEFRKNE . &,
LA 55 358 JE #1 [Be k £R  JR R R Y B A R
Al ok SR8 U1 B AT PAM KB EE
RIRR LR A AT MK E TR,
PRI E R B 0 TR R, 3 HAEE
3B A AT ) A TR B2 IO () HE PR M IR] 43 A, O
M BREMRAEMEERHRFER.

WX, BRAERERE LR —TE XK #
BB R BLEE AL B A7 S M A g B IR
R RERER BRI — TR R,
] LA AR L R, P Flory ¥ 35 B8 5
de Gennes HIFREEFEIS , R MR A A LAY R
oL RS BEE LR AR SRy
FRAZRKRKE RSB, HieTMies —ERAE.
BIN-F e R — M SRR, % 18 o T R A

FIACEE, B R T RRRSBER, S THS

A F AR L BIAR R R E BT R T Ll
Wi 3w o T B R AR R R S5 i HEIT R AE, T AL
FREBE R W A R B A REST %
T ik T EE R B AL B ORI LR A, SR O B
Btk BH g hFREFER, EHAHESEH

TEN B BB .
FB 4 oK #5387 M G B (HPAM) 7K 5 ¥R B 2 1k
HUATRG RS RELR, ZHZLEMN

ELREAGEXRBERNANELHERY &
BESESHKERZRE TFEM pH HHE W
BHA MANELHEERAFAZREERE, ZRE
e b ER RS R Z B ER B G HPAM/EY/
BB RD R LB E A — s,
BREERAR NN HFEEEFEE. A LEE
HPAM/F RS/ B/ (o) 2 — My as ik (A R X — A A 58
AEXHMR, FEMRESH TN %
R, NGRS A ERREREER

1 ESCIRE4y

1.1 AP

HPAM, Bl MO4000, i Fl H 82 i, 7 7 &
3.013x 107, KB 229 KB, EIBEELTHA
RAEEF PEE, LIBEA £ XK, L
BFERF RPALT) E5.

AL 2% K TA 2 v i [] #l1 [E 87 =X ARES i 2% .
1.2 HRHHE
1.2.1 MR KRH  EERAEF
B EMENE 1 B RIS MR A MR
B 7 R 5000 mg/L 7 FH R AKRYBCHIFI T2 1 7.

* 2005-06-03 WL H ,2005-07-15 B HEAHBEEHRB(AAS 217 AER G RBEES(ES T 203M05) THMM T, »~ EiREKRA,

E-mail : yuanzexu @ fudan . edu. en



338 T d A 0 B 4 K AR TR T A IR A 5 O S MR Bh ) R R A 317

Table 1 The composition of the salt solutions( mg/L}

NaCl MgCL, -6H, 0 CaCl, Salinity

17808 863 1433 19334

1.2.2 ZEAEF KA H R 2 F HPAM/
Er B AT BRI/ 18] 35 — Bp/h 7K B9 % b L 7 B 1 32 B
FERE,ETOCHANXTK, B TXBER T2
BTEA EBNMIRPURSHKEF BHREBRER
T ILERE.

Table 2 The information of the crossiinking polymer solutions{mg/L}

HFAM Phenol-aldehyde Crosslinker Resorcinol  Salinity

Variable 100 19334

Variable

E.g, {1000/1000) denntes the proportion for the concentrations of HPAM
and phenol-aldehyde crosslinker; The concentration of resorcinel and

salinity keep constant
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Fig. 1 (a) Storage and loss modulus G, G” versus frequency at
various teaction time for system ( 1000/1000); (b) tgd versus
crosslinking time at different frequency (0.1, 0.35, 1.0, 10, 20
rad/s) for system (1000/1000)
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Fig. 2

different crosslinker {a) and HPAM (b) concentrations

Complex viscosity versus the crosslinking time of

Frequency ;0.3 rad/s; Large white circle denotes the gel point
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Fig. 3  Storage modulus G versus the crosslinking time of

different crosslinker (a) and HPAM (b) concentrations

Frequency:0.3 rad/s
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Fig. 4 Gel point for gel systems,depending on HPAM (a} and

crosslinker (b) concentrations
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Fig. 5 Complex dynamic viscosity in small amplitude

oscillation {a} and apparent viscosity in steady flow (b) for

gystem (1000/300) in gelation process
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Table 3 Gel time and the sloge of log plot of &' and &” versus frequency for critical gels of varous crosslinking systems
HPAM (mg/L) 250 250 250 500 500 500 500 1000 1000 1000 1000 1500 1500 1500
Crosslinker( mg/L) 500 1000 1500 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500
Gel point {h) — 1.9 6.7 9.2 5.2 5.3 4.9 5.7 5.0 4.2 3.5 5.9 3.9 3.1
Slope n — 0.52 0.50 0.55 0.50 0.45 0.43 0.49 0.4 033 032 0.48 0.37 0.30
Table 4 The parameters of the viscosity models for system (1000/500)
Time (h} {Pa) " (Pa) o~ Jew (Pa+s) 170* - q:(Pa's) A A" m mn"

0 0 Q 0.022 0.025 0.094 0.756 0.443 0.420
4.5 0.001 0 0.212 0.036 0.223 0.991 0.455 0.529
6.25 0.002 Q 0.041 0.082 0.163 3.526 0.011 0.572
6.75 0.001 0.002 2.455 0.090 2.417 2.609 0.022 0.643
7.5 0.011 0.012 0.3Mm 0.152 1.153 3.673 0.043 0.671

9 0.808 0.034 2,894 0.232 2.859 3.849 0.631 0.737

AR 4 AR, 3 T R EOR B i ER 1L & B A 56
PEARSF , 4E ¢ R O I 0.999. 7E R B W, JE R
B A ILF AT, FEE SR N KT, R EE
W b T b A (A3 K, R R A 4 O B R B
A, B 8 G AU (6.7 h), FE IR RE 7 B
FE, SRR LBDS.
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B A KR SO R R, (B A R
BE . BAERM, HPAM BRI R RIBERE R IE LR 15
WRB AR, XREF G FENBEFHR
AR B R R & A S 5 0 T S IR A IR R YL 7 KR
A K B T ] R A Bk A UG B A
B L7 FESRRtERE v T M IR A4 RO 5B 30
Wie.
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THE RHEOLOGICAL ANALYSIS OF GELATION KINETICS FOR PARTIAL
HYDROLYZED POLYACRYLAMIDE WEAK GEL

ZHANG Kunling', LI Zhenquan® , LIU Kun’, CAO Xulong’, XU Yuanze'
(' Key Laboratory of Molecular Engineering of Polymers of Ministry of Education ,
Department of Macromolecular Science , Fudan University , Shanghai  200433)

(2 Geological Scientific Research Institute Shengli Oilfield, SINOPEC, Dongying 257015)

Abstract The gelation rheology approach was employed to study the weak gel formation of partial hydrolyzed
polyacrylamide{ HPAM )/phenol/formaldehyde/resorcinol at various concentrations of HPAM and crosslinker under
the conditions of the reservoir temperature and salinity. By analyzing the group conversion versus the conversion of
the cross-linked macromolecules, it was revealed that near the gel point the gelation process was at the early stage of
the reaction kinetics , which simplified the study of crosslinking kinetics . Comprehensive data of kinetic process were
,obtained as a result of the study of the linear viscoelasticity and nonlinear rheological behaviors . It is found that the
effect of concentrations of HPAM and crosslinker to the gelation and gel intensity is similar, which reflects the
common kinetic characteristics of the crosslinking reaction . After an induced period the complex viscosity rises as an
exponential function of time , which is the characteristics of first-order reactions. The critical HPAM concentration for
gel formation is around 250 mg/L.In addition, rheological models of complex viscosity and apparent viscosity in
steady shear were introduced to describe the gelation process.

Key words Partial hydrolyzed polyacrylamide, Weak gel, Gelation, Rheology, Kinetics



