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W OF RS T REES KRR TR B (HPAM) FI - MR S8 I 48 T e A 40
SERE(CDG), 3F A MK BT BN BT (L B S WS E B2 CDG MHEI#T TR 4
RFEU, CDG WK B L HPAM B B R, B4 450 ~520nm 2 6. B W LRGSR =W,
CDG Ba & 5 5 9 3 3 KL o JCWRBE I, HL A 5 9034 81 R B B Sh B h B 8l ad CDG 89
HESER CDG ) HPAM 4 TR RER B CBERE X,

XA BESBER, NE NS, KHE S, BEE

e BB IR h ok B 0 K R DI BB I Z KR i BB TE LY T I e 7
R, BA— RSB . 1 F R A& WRCEH SRS T BN Bk R TR
T LR H = R FTR A5 0, B ik R SRR 5 BT R B R, BES R A B R
B, IR B3 ROKGE I Y i SHBH 7, B85 SR\ B KRR WO 1 ST S ik e B B4
BER, NTTRBE KR M ZRRMAREEY BT ARG REH, FRER
MRDFEHLF, HRASK. EEXEEROEANE, BRSMLERS A XEE
BRI EH HPAM MITERRSER A CDG M E MBRURELA 4+ Ry MR T
B, HFitH o eEA K HLE.

1 LS

1.1 FERN

HPAM(S"MEh{b T/ )80 T8N 4 X105, KR E K 25% ; HPAM (KRB
IORBS FRY 1.4x107, KIBEN 25%; ZEH N TUE>E. rERE (24
TIORCO Int. )T, HH B HBE S HEENR 2.64%.
1.2 CDG Hl&E

BRI —E By HPAM B T4+, A —E 8H 1% NaCl B8, BA - B
ERESHE, MASEEBAKRET 6468, B4H5, #4K £ S HPAM 150mg/L,
BRSP4 7. Sme/L, NaCl 2000mg/L.
1.3 CDG #REMX

CDG B F# M1 HPAM BRAKEAEE N 0.6mm BEMEHNE, BRH S FE T
BUHR 10mL ¥ 52 FoRh BEREET A e R, W ERE X 404 0.1C . CDG K £ 7 40C By 1HHR
KBEFTHE 7 X, MEHH BROOKHAVEN 2 5 ) ZetaPlus HL{7 B 8 BEAF H7 (U BB . H
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F MK BI-9000AT B A HF A 32 25 A1 2 S BOE I, MOE IS 678.0nm, BUR £
B 90", MiiB 25C . iZh B XA BERBEBREZHH AP BRBENLEE I, B
ARK

D=

Sl

ARBERT HRY D, AF ¢= —sin , HEERE, A HASIEBHER, » HEHIITL

BB, 0 A XBUY AR BT Stokes—Emstem AR, ARBEEP CDGRTHEHR dy:
gD
A H £ 9 Boltzman ¥, T HLRIBIE, o HIEHE.
1.4 CDG EzIER

CDG R ZWMW S ERATLFE LA MBI 2R AFENIEMER LT, TRER
WA 1R, FTAREOCHAESS, EEWHSENE L, TREBEN 40T, EHENR
B4 0.4mL/min. B A S HESRMAK, RAKEE, RS HAEFRNEHEE, 2
FENKERREES, FAH HPAM B R CDG
W E R, WRE AR E A HPAM BRA CDG
EEHAREB(PVIERNAELXR. WHHESA
H4R Ri=AP/AP, 8, K'Y R, i HPAM
B A CDG il AN eH 3 71, AP, 1
AP, 51k HPAM 3 # .CDG /K ifiit & it nd
.

Table 1 The physical parameter of the cores

dy =

Pore volume Porosity Permeabslity

{cm®) (%) {pm®)
c1 11.89 34.5 4.50 Fig.1 Apparatus for linear core tests
Cc2 12.18 35.4 4.50 A{ constant rate pump), B{oil container), C(water
C3 10.22 29.7 4.50 container), D{CDG container), E (core), F(fluid
C-4 9.98 29.1 1.20 collection system), G{pressure transducer), H{ core
C-5 9.60 28.5 0.51 holder), I{oven)
2 ZBR5iR

2.1 CDGHERENKLE

5 FRH 4x10° 1 1.4 <107 B8 EE A 150me/ L HPAM 55 8 A0 AH ] 3 & 3K HE B4
HPAM/ Fr R 48 3Bk 2 8 BE R R (I AE 4K 06 R MM 2.3 FFR . HPAM BRI A
BRI &R AT, MR 4 X 10° R 1.4 X 10" 9 HPAM SHEBMEE RN, ER B 8k
5 B[] % 380 i T BB L Eb X BE HPAM B 90K B K, X iR B HPAM S5H8BRE A% T
ZBEEN, BRT CDG. BT HPAM BRHKERME, HRa FLARTH BN, 5
EREARESTHXEREEN, s TRANE E/ALKELHARRSYWKRED
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Fig.2 Viscosity time dependence of crosslinking system Fig.3 Viscosity-time dependence of crosslinking system
and HPAM solution {HPAM-400} and HPAM solution { HPAM-1400)

2.2 CDG MINE

i ZetaPlus B ALEB W IRB S T2 4x10° A1 1.4 X 10"HPAM SRR
BB CDG BT HE &M 2 BiR. E N 100mg/L f1 300mg/L HPAM JEH A CDG,
PR NEAMES HPAM B3 X6, 5 HPAM B4 TRAX. B2 FRH 4X
106 f1 1.4 x 107 3R ¥ 150mg/L HPAM 5 8BS E R CDG, KRB X/ H
460nm 1 510nm. M3 2 3 T LLE H [ R A HPAM B ZetaPlus B AL BOBLJE 5747
(LB B A TR/ X TTRE 5 7k BE () HPAM 3 0 76 1 £k o BE B 40 g 3 e O o
B, A FIE SRR, SERBH RN ERES, HAFRKDAREEA ZetaPlus WAL RN
BT . T2 HPAM 58 RE X £ 0 TRHEKENE R CDG i, 1 T HPAM
EAaTAAGEEREAS FRREE IESMLEHSEHN, BhERBENHH SRR
EMEEAS SRR E S BRA & B [ v A ), 8 CDG L TR ARE LM, BHAA
HEETHR CDG S FHEHIIEE T H2H VRELEHS . FHilt CDG BT RADATEH
ZetaPlus B {7 A2 7 BE 43 Hr (U %€

Table 2 Particle diameter of HPAM and CDG

HPAM molecular weight(10*)  Coneentration {mg/L) HPAM particle diameter {(nm) CDG particle diameter (nm)
’ 100 — 460.1
400
300 — 450.4
100 — 510.8
1400
300 — 512.2

2.3 BULHKEHETR

2.3.1 HPAM B 5 CDGHZEWRE 25 HAS T8H 4x10° 9 HPAM E#l# CDG

k£ K HPAM B, RE EHAEBEEN 4.50pn’ 58 C1 TN, TRERLE 4.
HE 4 B8, RNEZEER Y 150me/L HPAM 73K 8 i 3L B A HPAM 5

LR KRB (PV) L R A, AAEES B35 ORI HEE 49 HPAM S B il f 4k
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£, Foanf i shB K X B 12PV LUS RSB h 8 HPAM 253, B hnsdh . 3%
F 20pV LUEH 31 KM HPAM A MR 7, X5 CDG el D E P
BERUIH—B. B5h, WE HPAM BRA CDG R EEE S PR KR BEARRH HEX
S 1.26 #125.3. B A[ A, HPAM S RU7E 4 8 R BE ™ A 8 Ao Y B ShBEL 7 3 o
BEF IR, BB RORR LS . 1 T HPAM - FESEAR N TMLR, £
SPR0Y FIRER AL, T CDG R FHES ARESH, HESTHESEARBRE, B
CDG B T 1 HPAM 4+ FEA BEFBRA R CE L) PR &, 6 f 3B Ak mm, &
CBERER. B MEPREHEHR AR R, SRR R YRS 2 R
W XBEEYRFELA. SRRV RO SERR 780, TELBA R RS
W, & e T WS, R B R A % X ER CDG R ERA K FHAE
REYERERG, L1 3 O X FRBL AT LAFEAR 24 9 35 B N AR TE, B A B R B B T 8K
HRIEHE.
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Fig.4 The flow resistance of HPAM and CDG Fig.5 The flow resistance of CDG formed by HPAM
HPAM-400, C = 150mg/L with different molecular weights { C = 150mg/L)

2.3.2 JEM CDG B HPAM 7y TR N RMEW WE SR, 50 FEY 4
10°HPAM ER i) CDG FEB E R N 4.50pm®> H5 C1 WHEFAFRFE, H# FE/ ¥ 1.4
10’HPAM JE R A CDG B E RN 4.50pm® B8 C2 PRI AWM KRS, REE
CDG EA 15PV ZHf “EHERK, HE CDG A 15PV F, 5 TR 1.4 X 10'"HPAM
) CDG W 3B 777 4 2 I8 b EL3 s BF 2 F B 5 4 X 10°HPAM & B9 CDG
K. B BEARSEKNREIE N (R=45), 4 F& % 4 X 10°HPAM FE B Ay CDG @t
HEH PV EOY 30, MERKEN S TENY 1.4 X 10'HPAM BB # CDG EE 2
17PV. X 54 F&H 1.4 X 10'HPAM E B CDG R H 4> F 7t 3% 4 X 105°HPAM T K,
M CDG KK, BHEE ST RHHEHX.
2.3.3 JEH CDG # HPAM 2R EEX $HE B R W B 6 2 M CDG i HPAM B H
WHEMNEEPRFBENNER. EBEEN 4.50pm® EHCIH, S FENIX10° K
A 50mg/1 ] HPAM JE B CDG #EH ST M A A4S FR/EE X 150mg/L
# HPAM FE R CDG 7EMI R B BERE C1 PHINS. B4R R M A, &
O PV B EIREER CDG KRS REE N CDG. X EER G T RE KN HPAM 5
ERERES TFRTEKEINAERBU RELSN CDG R TFHREL.
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Fig. 6 The flow resistance of CDG with different Fig.7 The flow resistance of CDG on the different
concentrations { HPAM-400) permeability { HPAM-404)

2.3.4 HEBEXEMNCDGHERRYE®R B 7 RS TEWY4x10°HPAM E B8
CDG AR BB A ETRHRER, B EEN 0.510um® .0 C5 H,CDG AL E
DIFEEH S SR 2RI N, A CDG £ 5PV, BB /1352 50, AP M S A,
BiERN 1.20pm’ (B C4)M 4.50pum’ CH S CELFES CDG 2 5124 15PV H
WPV. RS TRERBERABFERY 0.510pm? HUHORHFERUER, MBEEY
1.20pm® §1 4. 50um? F Uk LR R BBEHER . XFEHAD TR 4 X 10°HPAM B Y
CDG A G HAB|BEE N 0.510pm? B 0T E. HTFERRRHE L, HAH B HE
7, CDG B H3t RN B 78 S8 5, B0 F T 1l 10 B S 3B 1 o

i EOARASS LERIERMNN TEXREASRE R, HEHENT.
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AN EXPERIMENTAL STUDY OF THE PROPERTIES OF A
POLYACRYLAMIDE/ALUMINUM CITRATE
“COLLOIDAL DISPERSION GEL”

LIN Meigin, LI Mingyuan, PENG Bo, JI Shuling, WU Zhaoliang
{ Department of Chemical Engineering, University of Petroleum , Beijing 100083 )

Abstract The colloidal dispersion gels (CDG) were prepared by low concentration partially
hydrolyzed polyacrylamide with different molecular weights and aluminum citrate. The
properties of CDG were investigated by the Oswald capillary viscometer, ultrafine size
analyzer and the flow experiment. The results showed that the viscosity of CDG is lower than
that of hydrolyzed polyacrylamide (HPAM) and the viscosity of CDG decreases with
increasing the reaction time. The particle diameter of CDG with HPAM molecular weights of
4% 10° and 1.4 X 107 was determined to be 460 and 510 nm, respectively. The flow
resistance of CDG, which generzlly increased with increasing HPAM molecular weight and
concentration, is much larger than that of HPAM solutions in the core. The flow resistance
of the CDG in lower-permeability core was increased more quick than that of the CDG in
higher-permeszbility core. The flow resistance of CDG in the core was associated with the
moleculare weight and concentration of HPAM and the permeability of the core. CDG is able
to increase the flow resistance in the core effectively.

Key words Colloidal dispersion gel, Viscosity, Particle diameter, Flow resistance,
Permeability



