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W OE RASKEET BRI . SASAEH(DIS)H”ALNMR %, R &S 7R ERENTLK
BEFRMEHPAM) SHBRB(ACDBRREESBRESDER (PSR XHEE HRSRFH,
HPAM/AICK (R AR SUREREN BT FER 4B HRCBE RS WL E (LPC) B 388 K A, it 6 B A Y
RIS EAGYKEENAY - ERES K2 PERNAAE FELABMNCHR KRESAHESHER . AF
Frik BT M HPAM/AICH R 2 MM B R AR X TR FRE R 1.4 x 107 8 HPAM, £
NaCl 7 BE &7 2000 mg/L, ZFHEHE 2001 6P TR BX AR £, Hls FE B3 TH 4 200 ~ 300 mg/L [d] .

X8R BHNEME., FEMRE, TRESYSEE. TRESURHA, R TBREE

MoK RENER R (HPAM) 5 BER S
(AICIDE LA (R & o) LA AR T i E A 5 7K A
B A EIEYREEQERNE, BaERRIK
R ELBREKRHMERESIE T ER0ER" Y.
URBERTRESYKREE S, HPAM 5 AlCit
BAESTRERIZBEN, ERNERERREHH
AR (Bulk gel), FERH FEFMHFHNHA
T KR A YW E B BT, HPAM 5 AIC &
AN FHEBRREMN,JERZKESGYLAEK S
MoBER IXKRSYBR(LLS), FERT
WHAERASN Y ERAERSXHBERSY
BRXHEHERZEEFE—MIERENHE
BER, ERE HPAM 5 AICi RNBEREBEESY
SHAE XBERAYKARNBREE RN RN, ©
TUATHHEKAYN MREERE. . CHERS
MHERE KNSR AR EYHEREN .8
EREMER BHREXBKEEAGVEESSH
BRI R ] G RS R & Wk B X T HPAM/
AICi A1 7 19 = 13 BF 95 0 M A 3R 47 i A AR AR
HEE FXKRAARMWITETR T HPAM/AIC
AHERNOGER TERES WA .

1 XBHS

1.1 XERAN

HPAM, KEEBIRI T AP M4 FEE
1.4x 10, KFE 25.8%. XBERNTEBKE
(AICIL) LB A &, BRi P AL R 83 2 2000

mg/L. FALEY, il BT, 2 0.22 pm KBS
R R LB R e
1.2 LPSHIRS

R — & B 8 HPAM S TR+ R m
A10% NaCl B3 WEBEIREEREE T
KOBREHS, KRS 5 F HPAM 50.100.200.
300 mg/L, & & ch HPAM 5 AlCi B L (HPAM &5
AL R B ) % 20: 1, NaCl JR # ¥ 1 & 2000
mg/L, BB ST S BXIK R TE 40CHHIR T R .
1.3 XRFHiE
1.3.1 HWERHE 5 BC & &7 1) HPAM/AICit 3¢
BRARETHERMEIL D, EM0£0.1)CHEEK
WP BN, B S (R R 7E AN IR B R B () (RO BE
1.3.2  H - kg3 #oad 6] 3 B % RE
4R K B #E Bruker DMX-300 # R IE IR BB L
56,7 Al 2t Bk A O A 78.20 MHz, & W A
46728.97 Hz, L X B 40°C, EMKBA 1196.
H - i K8 S BR AT ] A DL 3% RS L E
1.3.3 BB FEEENE L BR,H
R FFERAWE L P(a)frm AR IEREE
FTHUEASIEXSKESYMRANTEEARER
EMOLRA S, E AT MR TERARNKA,
EREETSEIPS. TR PHMARMCERE, A
TREESPRE SRR EEE R 20 om,
FEWEEQ KPa) T 1.2 pm LRSI
WERS LPS,iCR B | mL FRM AR .
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a) Magnification of filirating membrane holder

Fig. | Filtrating installation

1) Iron support;2} Container;3) Pipe;d) Filtrating membrane
holder, 5) Vavle; 6) Measuring cylinder; 7) Nuclepore

membrane ;8) Filtrating membrane bolster

1.3.4 AN (DLS) ki 4 #f #* ¥ DIS
HA, ¥ E Malvern 2 Al 7= 1 Zatasizer 2000HS
PCS V1.4 R 85 R 8H 94 K b B 4 b7 48 € LPC
Rah B AR, S T A R FH He-Ne X 3B, 20 %
10 mW, # K 633 nm.

2 HZRE5Hi

2.1 FEEWEITE
FEIBESWEBKE T, HPAM/AIC ZZ 8K K
R RS RE R BT R R AL WA 2. B 2 7]
LLE 2 HPAM/AICic 38 BX & & 7 HPAM i B &
FE 4 100 mg/L 71 200 mg/L B, 38 B K 2 A9 5 B
AL BT BB . T A0 Bk ik R o HPAM J&
BIRE N 300 my/L B BEH SR N WHT, &
R e —BERE(0~56 h), SEERNEESR
REE N B AT E R REL, ML #EITE] 56 h
L KA R R LA 2T RE
BRI B AW F (30 HPAM), 78 35 B 77
(AIC)ER F . ol L AR NG REWH T
i BR R A LR R R G W& AR
ST R RS EBR R IE , HF HL X R 3 BR RN B R
RIEe B ER SR F MR R EZENOIER
TRAEZHKRY FRRNEEFERER ARZ
AETFRMEREMERAR, HXKEN

R AR S b B (R R R R B IRE ) B F
BEAREZRAIE A HRBREY o FEXEK
FEATERERRBHYTEESYLAN, K
Jor i 4K B LR A O M BRI L, R P B R OB R
7 ¥ T B PR B R AT [l i % 4 FE [ — T HPAM/
AlCh B E P, ERMEEPEZERHBEELE
PR S n £ e 4R ST B0 48 SR T E B A SR AR A —
EFHRET BAVERAEERXEEERFENR
MEEMEERE.
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Fig. 2 Viscosity of HPAM/AICit crosslinking system versus
reaction time curve

a)100 mg/L ;b)200 mg/L ;c)300 mg/L

KRR B e, BRPRER MK T T
(HPAM F AICit) E 80 4 #E 33 B Ml 42 F (EL KD
ZhR.AERERREERE YRGYNRERK
FE BT (100,200 mg/L), BRAY I TEHEAE
TERPEAYE oG, BEEHEBEEL, B TR
EMHr TEX ERMNIHT BEIES . FHIL,
BRASTEWTIEGY s TEARNKCERES,
mEl T 5EtsFREGMEEN S, Bl 1
4 T[] o 0 AR 5 ¥ 3T K L R B L s T/ 4 F
THEAEBERPROOSHH, ISR K0T
SH AR FRERE S TR,
ERTHRESYEA, B EERBERER(LE ]
Fa.b). AL, KRS YREKREH HPAM/AICH
REREP FELERAKBELEESRELAELK
R R AL EMS T, KKETH HPAM
FRERE 100 ~ 200 mg/L 9 HPAM/AICH & R JE
AR bR B B A MR M (LPS) , 74 BR OB B TH 0 45 14
F Kk B B BT I IR A A T PE ARG

REYHE TSI (HPAM BB E
H 300 mg/L) BBTREWH T HHHERIE,
BRI IFRTOERSTAESETYS —, M
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FREMTFERENALE . EAAUSEEHSE
SFEEFMRER A BN, FR P RAE R
SRR TR R, B R A R PR KRG
Yk H N S K R (4 TN AEER) S TE BB MR
M B RN (4 1 R B ) A] BB R AL B AR
HF LIPS SR HE KK R Z RS EREN
K Z BN S SR 1k = . HPAM B 8 W JE 259 300 mg/L
AR R 2 A IR ) BT Rk B B R Gk T T BRI, B
-+ HPAM 5 AlCit FE R4y FAZEBRR M & £ &
MR BEE RN MBENT, ERNERESY
sEHSR M S MAE SR LPC Z ([ A] i#
— R FREIZEB R , B, B S B 8 Bk
Fh HPAM 5 AlCit 73 F 8] B HR 2 [ 5 E Tl
TEERRERE M HETT B EALR RN
FLOARK &= HPAM & & % E & 300 mg/L /9
HPAM/AICit $6 R A b o o SR AR 3R, IR b
T RO R A b 2 P R AT BK R 3[R 4E
AR 3 HPAM/AICE: ZZBE R G R KK E
EEARFEN IS R ERBERARSYKRE, O
IPCHIFEFERHE RS WHRE, RIS
FEHH0 18 HPAM 15 AlCit A¢ K J2 13 B FE AR 3T I B
& v 0 i 5 AC B B B 7E 200 ~ 300 mg/L 2 [H] .
2.2 BRHEHEE

B H - AR e A E Bk 8 F &
SRR EERH TR, 5 FERAH AR
HERKNMNEEHX . 5RGYD THIZIHRERX.
£ ¥ ¥k & (Inversion-Recovery } L 3 7, i £k 5 F
Bl B (8] (7 3 0 A

0 = S nenl - )

Heb o HERAE, T, 08 ¢ H50 8-Skt
BEFA], FCe) b Bt iE o B A BRERE, T, MR A
MIIERESE ,, n A EB R B IR M E 75 H .
FAT Al ¥ 25 4R 8 % IR 2 40°C F HPAM/AIGE &8
BRRFE MR N T B, AW iR ig s B £k
TIEEHERE AR EAYEET HPAM 5 AlCi
BT R NG R M A B A Al B - 4 otk
et ] T, B A e R AL L 3. e 3 AT 4
B, ERSWMEEBAREN 100 mg/L 1 200 mg/L
B HPAM/AIC JE B M LBk R b, HPAM 5
AlCit B G T ML ACBR A AL 0 B BE- A 4% 3t R
Bt [a) T, B RN IR) R 38 b0 T R AR, TR A
B3k B 300 me/L &F, HPAM 5 AIC & i J5 B JE
WEZRES Al B E E- &5 ¥ S B ad [a] B8 K2 K & [8]
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Fig. 3 Spin-lattice relaxation time of HPAM/AICit

crosslinking system versus reaction lime curve

a) 100 mg/L ; b) 200 mg/L ; ¢) 300 mg/L

) 2E J T T

HFREHHAEWE H 100 mg/L A 200 mg/L
HXBRRAEYEER, b TRAE HPAM 5 AlCi
BT TN IHRN, FEZBERS
Wk s RS TEE SR, R
B Al 5 RE-R B b BT E] ( T, ) TE B Mt B b
FHE D TMESYRBEKE N 300 mg/L #3ZHR
REYBRE M TREDESD HPAM 5 AlC B &
AT THEBEMRMEERLHERGWEAN,,
WRATARBES YL R B8 KA, #1532
BEEAVAKRHTE . CREGYI THIEHRHIE,
FREAZEERGS ALY B BE- SR8 s BRET I8 ( T, ) EE R
A2 B F T THE N HPAM/AICEH A5 BE iR 2 P i B
& Al B9 7 HE - 5% RS S HR B (| ( 7, ) BB RO B (8] B9 7
ALHLER AT LA ) HPAM i & 3K 8 75 300 mg/LEX
T,HPAM 5 AlCit RN TE RIS IE R R LBHE
EYrvE ., ™ HPAM [ E 3 £F 300 mg/L L
Bf, HPAM 5 AlCit 5 JE B 04 38 B 28 K 55 38 Bk
R . A, B NMR 3k 0018 A9 45 0T LA
HPAM 5 AlCit 22 Bk R0 BH B i AT B & Wia ik
P MG - 38 BX 9% BE 7E 200 ~ 300 mgyL 2Z[H] .
2.3 ETLEEEE

BARKERSY SAABEA AlCH £ 40C
T 7T RN FERERMERA 0.2% ik H W
BE HPAMBE R | mg/L, H 1.2 pom B FLAE
BERNMAA4R BE 4", BAYKRELE
50~200mg/LTEEA,EERESYRENIES . X
BREAYE AN AR, 0B AR
BYERETEERESYU. R T HPAM 5 Al &
RETE A B R EWEA (LPC) R A4 H
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[6,HPAM 5 AICit K4 5 F W30k BN, TBE 32
BESYBER. YESYHEEE KT 300 mg/L
B, XK B AW RN TR R, KR
WP LPC B S 1%k, B HPAM 5 AlCk Bk 4r F

Filtration velume (mL)

4] I L L I
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Fig. 4  Filtration volume versus filtration time curve with
different polymer concentrations

a) 50; b) 1005 ¢) 2005 d) 300/mg L™

2.4 EhEXHSE

BAWELAFE®RETS AlCi A EE R
R R AR AT S B AN 5 BT AR HPAM 3
B 100 me/L H4 K F 200 mg/E B, 3035 Y S
8 HPAM 5 ALCie J2 57 B 2 B I A2 Bk R & 4 ]
(LPOR ALK, BRWFE H¥ER R, B
238 nm ZF % 246 nm. HPAM ¥ ¥ 3% X % 300 mg/L

P AZ B R SN 3B Ak T 4 F (a) A BR b, T e
R .R . ZAED LA HPAM 5 AlC
1% [ N7 6 JE R3S HK IR A P MR e R SRR B A
200 ~ 300 mg/L 2[5 .
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Fig. 5 The size distribution of LPC with different pelymer
concentrations

a) 100; b) 200: <) 300/mg L™

B ,LPC RYEBI B A, R, N 379 nm, X2 H T
HPAM ¥ 88 18 K Bt , HPAM 5 AICIL 12 W B Rl EX)
LPC (B &4 TARBRR R, ## LPC R X Hilt,
Fzh & et B 111 7% HPAM 55 AlGit 32 BX R R Bif
BB S Y ARG R B ETE 200 ~ 300
mg/L 2 18] , 585 BE 3 NMR 35 Ko LI i a8 1
WA SER AR B
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THE STUDY OF THE CRITICAL CROSSLINKING CONCENTRATION
FOR HPAM/AICit SYSTEM

LIN Meigin' , DONG Zhaoxia', SONG Jinhong' , TANG Yalin®, LI Mingyuan' WU Zhaoliang'
q g

(' Enhanced OGid Recovery Research Center, University of Petroleum , Beijing  102249)
(* Center of Molecular Science , Institute of Chemistry , Chinease Academy of Sciences , Beifing  100080)

Abstract The critical crosslinking concentration of linked polymer solutions( LPS} formed by low concentration and
high molecular weight partialiy hydrolyzed polyacrylamide (HPAM) and aluminum citrate { AICit) was investigated
by using dynamic viscosimetry, nuclear pore membrane, dynamic light scattering and * Al-NMR measurements . The
experimental results show that the viscosity and spin-lattice relaxation time { 7;) of HPAM/AICit crosslinking
systems decrease with reaction time in low concentrations( the concentration of HPAM is between 100 mg/L and 200
mg/L} and increase with reaction time in a high concentration {300 mg/L) . The results measured by dynamic light
scattering show that the mean hydrodynamic radius of linked polymer coils{ LPC) is about 238 nm and 246 nm with
HPAM concentrations of 100 mg/L and 200 mg/L in the solution, respectively . The filtration velocity of the LPS with
HPAM concentrations of 100 mg/L and 200 mg/L in the solution is almost the same . The mean hydrodynamic radius
of LPC is about 379 nm in the LPS with HPAM concentrations of 300 mg/L, and the filtration velocity of the LPS is
lowered obviously . These resulls indicate that the linked polymer solution is formed by intra-molecular crosslinking of
HPAM and AICit forming linked polymer coils in the system of lower concentration. When the polymer concentration
of HPAM/AICit system is increased to a critical concentration, the weak gel is formed by crosslinking of LPC. The
critical crosslinking concentration of LPS is between 200 mg/L and 300 mg/L for the system made up of HPAM
molecular weight 1.4 x 10’ and NaCl concentration 2000 mg/L . The critical crosslinking concentrations of the linked
polymer solution measured by different methods are consistent with each other.

Key words  Partially hydrolyzed polyacrylamide, Aluminum citrate, Linked polymer solution, Linked polymer

coil, Critical crosslinking concentration



