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W B R ENE T, TP T W5 K TR DU BE G (HPAM) /B R RR 48 (AICi) S5 16 f B Rk A8 b iy
AL RSB A HPAM/AICH K 2K R M A EE T A, AR EMERAE FHE B &K
Ay HPAM BEHER BE . IR S 9 KBS HPAM/ AICic Bk 5 5 B BE R RV A [ i $E £ 1 F IR, Bk B0 T 48
FIEGWEEN HPAM BN E . HPAMA/AIC: TREZMN B SWHRE KT IH R R ER, 58 KN S ERE
B4 BOBEBE (TCDG). EERAAF T, BRKELE 150~ 300mg/1. Z 6. B SHKEE TR kg
700mg/ Lz (o) B, JE A o BE 20 U BE B (CCDG ) I B S M R T 700mg/L i, HPAM/AICit 8k ik &I &

WREERS .

XA ARIKRROIEERRE, B R, K, WK E

B4 7K % 3R P S BE B (HPAM) /P B BR 48
(AICit) Bk R AL BT A 4 B T 2.
HOE 09 B2 i T DA R e R B B (Bulk gel), AT LA
BB & BB B (Colloidal dispersion gel,
CDG)" KSR LR RLF H, AR AR T
ik, H—E AR ER . T CDG R #ish, &4
—EERNERE R. ZHFIEE, CDG BREB
K 200~ 600nm I 5EREERTE BOR 76 7K oh 40 BURY #
£ Ha AR R AR MR — R
EAMER. THARRDE N EFEENE, &
H-BEARD . HIL, HPAM/AICit 5B Z B 4
B, XA BT AR R TSN, AR Rk
EERE 5 CDG R4 26 B A B 53 & B 36 0 Yy o] K51
XFAREEESYKBREIE SERES XA
MR EF AL MESS, AT HEBFTIEEKE
BEYWKBRIEE CDG ARG A AR E
HEET HPAM/AIC: KBHE A9RGB R R W
i BRI A b .

1 ZREH

1.1 TR AT =8

1.1.1 iBlH B KMERHRER, KEBMIT
EE A FRE N 1.1x107~1.4 X107, /K #¥%
E 25.8% . NaCl, 478, L HAL T HE. &
BRrERE X TREATEM.

1.1.2 ®EME BFXE, HEKE, REKK
Fit(ERER0.6mm), B3,

1.2 HPAM BB STBE#RNNE
1.2.1 HPAMBHHHE HE -E& HPAM
BRTEFEES, MASBREEK, REHERE—
KAA,  HPAM SR 7E 73 35 % IO GE B NaCl
B, B MAEREIEKRBREZE, Bh%k
BEJ9 2000mg/L, B &Yk B ik A B R H HPAM
B ENERMERETHR.
1.2.2 TBREENHE HE— & HPAM £
HWTHBRRS, MAZRAZEK BEHEE X
A, LA HPAM B R0 58, EHEMEER
B TAEE ; BIAGE B NaCl B, BIMA —E 8%
EXFPI BR 0, DB B R BOK B R0, 3 R ihik
B4 2000mg/L, HPAM 5 Al(AICt) & B X
20:1, B W] 5 B -5 Wy ok L B B R A9 HPAM/
AICt EBGB R A MM EREBEYEHE.
HPAM/AICit TR A B E U R SMKEE
.
1.3 TRT®

£ 40. 0C KBS, HEM AN E L% A
ERK KT,

£ 40 0CHEKET, HEHBEBRERYE
/NEFEL_EAS 10mL HPAM B s 30 Bt ik £, 43 51
EABRGCT 0 A~ K B, b7k B
W LRGN B8/ E K, 5~ 6h J5 18
R3~-4hWMEK.

* 1998-10-13 HIHF, 1999-01-20 B fa ; BN LEXELA LR ERHEFER
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FFPE B HPAM/AICi: Bk R 85 R
RIVEHE L M ES R WA L R, SRR E
B HPAM 7538085 15 B g B o () 7B b B S 45 R
WA 2 B Bl 1.2 B, Ak HPAM B, i&
B HPAM/AICh T R, KM EHHEE SN
wERmMmE S AE 1 EL, BSWEERATH
¥ 500mg/L. i HPAM/AICit & £ #5 ¥ b K
BRI A I T K. R AR R R B R
KEAMLE/N, hFHESR LR EEH, FARE
KRR e R R AR AR i 2 B A R
JB /) HPAM ¥ W0R: B A< Bl 0B 0 18] & 2 AR L

s 50 mg/L

e » 150 mg/L
. | T + 300 mg/L
g e + 500 mgl.
E 4 » 700 mg/L
2 + 1000 mg/L
25 e
2 .
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Fig.1 Viscosity of hydmolyzed polyarylamide (HPAM)/
aluminum citrate{ AlCit) cross-liking system (40T )
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Fig.2 Viscosity of HPAM solution (40T )
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A BRI . X S R R B A A A B 2, o
LA M5 o BE SE kA 2R 0 Rs AL A AR

B 3,4 HH, ELRYBREEN, REWEK
BN FE%E T 150mg/L ) HPAM/AICit & Z 85
BRI AR ER T, BN TFHNESY
WM HPAM B E. B 5 FH, BaWEk
X 300mg/L IR FEHELE TR, A2 —B
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Fig.3 Viscosity of HPAM solution (50mg/L} and
HPAMY/ AlCit cross- linking system (40°C)
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Fig.4 Viscosity of HPAM solution (150mg/L) and
HPAM/ AICit cross-linking system (407}

mE 6.7.8 B, BEAYHRERTRET
500mg/ L B9 3% BE 4 2085 7 B 2RV B (B] 4 2 < TR
EFH CERER NI S ES N THRAES
Yok I i) HPAM Y5 HOR: B, T 52 W — BB 1) /5 32
BXHA 2 008G B ¥ A O A AT IR B 4 R S 1 HPAM
EHOR B

HPAM 4} F £ 2000mg/L NaCl & # i & ¢
TEERNBENEHEHNESFE, EEFER
OSRGYE B . 2 A SRR R R, 1 I R AR
BEEHLALAN, REEDTFRIENTKR
R IE B A BURE B, 4 2R RS X 2 D BT
2 B T o Bk R RE R/ T R R 5 4
WA I HPAM FEHUCE)E MG HHEHERERE Y
M AT BR K R AETE B T o8 0B b 3 Y B 35 40 iR
BE(CDG)RH ERER. MBAYRENTHET
150mg/L B RTEE 3.4 REFRA B HEA.
2L B A Mok B DO A 4o ]SS I S R A L
186 0, W R Y ) R 3 B A 2R AR B T
LR EFETE—Fh EHEN, ERSUEREAKRK
i, TF8R AT 356 L BT SRR R B IS L, R R
BT, i TEREFRRE, H—PHERRENK
ATEEREL B, A ENN. MESY
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W BE O 300mg/L I SCHK R R FEE 5 FRIAME
. ZETESYWKEA 500mg/L L ERIZERIK £
TR JCEEBER T L, PEAR 3OS B o i A BE UMY,
MUBEXLERRPEULEDS FHREKNE
iy

ATt — 2% B A R 1
B, PECBEARERAK RS Y 8~ 9 K, FEME 1]
MIREE, S RIME 1 . R 1 RHESWRE N

300mg/L A LB R BREER T BB
(Bulk gel, 4k £ T ARG 3h) 3K A ¥ ah # % CDG
R FHEE, B oERESE IO ERE
PLE) . B, HPAM/AICit TE R R AL 2B =
¥, ENTHSMEMEItEmE 2 BrF, TR RHA,
RERERHABRITFMESE, HERFEELR
CDG R ZM BB A T, HCDGHERE
ERERE, BRERE ER KR,

Table 1 Viscosity of HPAM/ AICit cross-linking system for differernt HPAM eoncentrations { NaCl concentration 2000mg/L, T 40T )

HPAM concentration Time

Flowing

Viscosity

Shay Integrit Clssificati
(mg/L) (d) pe ability i {(m Pas) cation
50 6 - + - 0.779 Thin CDG
150 8 - + - 1.127 Thin CDG
300 9 - + + Concentrated CDG
500 8 - + + Concentrated CDG
700 9 + - + Bulk Gel
1000 9 + - + Bulk Gel
+ ) Yes, — )No
Table 2 Classification of HPAM/ AICit cross-linking system
HPAM concentration Flowing
Shape Integrity Stability Classification
{ mg/L) ability
< Critical concentration - - Flocculation Thin CDG
Critical conce. — 700mg/L - + Stable Concentrated CDG
>700meg/L + - + Syneresis Bulk gel
+) Yes, —) No
1.95+ 320+
’{n"l ool e w3151
s -"\./.. £
E E 310
185 = 300mg/L HPAM/AICit >
zh * 300mg/l HPAM g 3.05F
21 ol 2100l » 500 mg/L. HPAMYAICit
<180 > 3.00  500mg/l. HPAM
295 L 1 1 1
1.75 1 1 1 I ] ]
¢ 10 20 30 40 50 60 0 20 ,‘g,’) 60 80
+h)
Fig.6  Viscosity of HPAM soluti 500mg/L) and
Fig.5 Viscosity of HPAM solution (300mg/L) and ' o ution. (500me/1.)

HPAM/ AlCit cross-linking systern (40T )
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Fig.7 Viscosity of HPAM solution {700mg/L) and
HPAM/ AlCit cross-linking system (40°C)

HPAM/ AiCit cross-linking system (40°C )

» 1000 mg/L HPAM/AICH
e 1000 mg/L HPAM

Fig.8 Viscosity of HPAM solution { 1000mg/L} and
HPAMY/ AlCit cross-linking system (40°C )
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2000

M EAHe[LIE Y, &4 HPAM B X F
700mg/ L &, HPAM/ AICic & R iy iR 8 e 29
HPAM ¥ B £ F 700mg/L B¢, HPAM/ AICit & £
JERE CDG. 11 #8 CDG 9 i 2h ¥ 0 88 b 4% X nf 53
¥ CDG ik CDG, .4 7 ¥ B o] #5 9 1 A oK
B.LERAERS YRR EELE 150 ~300mg/L
28l %4 HPAM/AICit K 2 PR SR E X T In
ok R, BRI CDG(CCDG), 4 RS REF WY

B, R A4S T RIZZEMARL. FTiFHk CDG,
FLE B R 9 40 T 18) 32K i il £, SOBL 7k B
CREMBERBNEE R, ENFAREHED);
%4 HPAM/AICit $& & 5 & Y1 3%k B/ Tk 7K
R, T R CDG(TCDG), {& Z X5 B Rl K Ry iR (]
WK TR, BEAEN HPAM BBk EHEE, X8
A FHERAIFE. £/ CDG R &4, BICH
R BE S e, HAAE R/, 1T H f1ig 3.

HET T 3 A, SR SR BE (B AR B 4 HPAM 35 HIOHS
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STUDY ON GELATION OF POLYACRYLAMIDE/
ALUMINUM CITRATE COLLOIDAL DISPERSION GEL
BY MEASUREMENT OF VISCOSITY

JI Shuling, Peng Bo, LIN Meigin, LI Mingyuan, WU Zhaoliang
( Department of Chemical Engineering, University of Petroleum, Beijing 102200)

Abstract  Viscosity of partially hydrolyzed polyacrylamide (HPAM }/aluminum citrate (AlCit) colloidal
dispersion gel has been measured in gelation of the system. The result showed that the viscosity of HPAM/
AICit cross-linking system increased with reaction time when the concentration of HPAM is higher, and the
final viscosity of the system is higher than rhe viscosity of HPAM solution with same concentration of
HPAM. The viscosity of HPAM/AICit cross-linking system is decreased with reaction time when the
concentratien of HPAM is lower, and the final viscosity of the system is lower than the viscosity of HPAM
solution with same concentration of HPAM. When the concentration of HPAM lower than critical
concentration the HPAM/AICit cross-linking system formed thin colloidal dispersion gel (TCDG). Under
the experimental condition, the critical concentration of HPAM is between 150 and 300 mg/L. When the
concentration of HPAM is between the critical concentration and 700 mg/L the HPAM/AICit cross-linking
system formed concentrated colloidal dispersion gel (CCDG). When the concentration of HPAM is higher
than 700mg/1. the HPAM/AICit cross-linking system formed bulk gel.

Key words Partially hydrolyzed polyacrylamide, Cross-linking system, Viscosity, Critical concentration



