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Coagulation effect of cationic microspheres with residual hydrolyzed polyacrylamide

LI Guanghui ZHANG Guicai GE Jijiang ZHOU Shuai LIU Yueliang

(School of Petroleum Engineering » China University of Petroleum ., Qingdao 266580, China)

Abstract: Polyacrylamide microspheres with different cationic degrees was synthesized using inversed microemulsion and effects of
cationic degrees and electrolyte concentrations of microspheres on coagulation laws of a polyacrylamide microspheres and hydrolyzed
polyacrylamide composite system was examined by means of viscometry, turbidimetry and the Zeta potential analysis. The experi-
mental results show that the composite system evolves {rom a coagulation phase to a well-dispersed system at the critical coagulation
salt content, which increases with the increase of cationic degrees of microspheres. When an electrolyte concentration is greater than
a critical coagulation salt content, the coagulation volume of the system increases with the increase of electrolyte concentrations, mo-
reover, it increases {irstly then decreases with increasing the dose of hydrolyzed polyacrylamide. The coagulation volume of the sys-
tem reaches to a maximum at the neutralization point of electron charge, which agrees well with the Zeta potential trend of micro-
spheres of the system. When an electrolyte concentration is much greater than a critical coagulation salt content, the system viscosity
of hydrolyzed polyacrylamide (14 million Dalton) increases strikingly due to a pseudo-crosslinking effect, but that of hydrolyzed
polyacrylamide sharply drops down; especially when this evenly dispersed system is diluted with distilled water, coagulation can oc-
cur again.
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Fig.2 Critical overlap concentrations of different systems determined with equilibrium viscosity

R H B 0. 05~0. 90 B, [ — 2 ER A 2 89 I AL 3h
WEAIEER/N IR AERNEREEESHEY
FR WA B E ) T 0. FT L AR S A T MPAM-
HPAM & &1k 2 /) 2258 2 B, 7T LA By BB o Ok % 458
#l. 3 H MPAM,, 5 MPAM,, B ARl FH & F & , lE &
HPAM #8328 b4 A R a5

221 (._.__H—o_r"\‘_a
20r —=—MPAM, ~HPAM,,,
—®— MPAM,-HPAM,,,
£ 18F —&— MPAM_-HPAM,,,
by —v—MPAM  ~HPAM, ,,
™ 1.6
ﬁ ‘,_'_T_——'—V-ﬁr—_"*-v__v——v
B l4r "
&
1.2
LOF Ay, a4
0 0.2 0.4 0.6 0.8 1.0
HPAM R &%/ %
3 IEARBAEKER HPAM RESHTH
Fig.3 Relationship between C,, and the mass fraction

of HPAM

TEMEE B E L {# A 1000 mg/L ) HPAM #1 200
mg/L 1) MPAM, e T AR FH & 1 B R 5 P FF 43
M) HPAM R ECH IR AR VR B, 25 SRR, AT T
KRS TFE LT EEE AR EREEZLME O,
B BB 7 L i AR AR 3R T R B B L A R BBLIR R R
HER AR, AT NE RS, ENERE
R ST ek L A AR OT /I o T 4 B L R TET R R A
BE R PRA B A . R A AR O R RS R A B B R e
BB P B 250, M 5 T BRIk 2208 . R R
T8 W o R e 2R T R L B o i R BT (R SR A R
A2 W OFI 1 4 OBk 4R o IR B 3R 0 {8 L A 1) PR R E TR
FEU AR B EE R E PR R, B
TN, R A IR Zeta BAAIIEAN(E 5) . 5
T R IR W B, 5 T 2 B 22 ) B A% 55 W R PO
JE 45 HPAM 75 133k 2% 18 0 W% B #4) 784 b F o104 5 72 B
BTER40%Y5 50%0], Zeta B H T B, I R YT ER K
ERARE R ERRETREE 2 hE:-OMEFEAS
S IR A B W BN QR AR /N, X 2 T TE R
[R5 75 30 3R 3% T PR 2 4% 19 A8 BE B0k, T4 | DMC



1160 a A

Ea Eird 2013 4F 55 34 %

HEE TR, AT R Zeta B # (K. (HE
HPAM W Fff ], 502 F 9 2 47 8 44 2 i3 ™, 5
TR Bk 2 B 3R BR S AR T AT A R R B R R
. AN B E%SF 5%0, HPAM,, B R 1
Coof&eF HPAM, (A R #Y Coo JRE & 1000 mg/L #)
HPAM, , ¥ B 37 /N F ilfn 538 B ¥R B . 5% DMC 3R %5
S FAE HPAM 5 T2 b, H#BEAER /N, TE
g, B FER T 5%, HPAM, FE &1 Ce.
#F HPAM, o K £ C... 2 H F HPAM,, & [
/N, AT LAFE SRR R T B R B WA TR =
T Z IR AF AR &5 (6] 0 F e VR S M LA 48 LA ek AR )
Bt 280, B9 TG A % HPAM, 0 5 22 58 £ B9 B, 4 52 37 ik
REHEM. f£FIE T . MPAM-HPAM {£ & 7£ 5 5 &
DUER MR AR B B BREEgE . B h . 76 B PR3 71k
BREAT R A IR T VR H B, n DUAR 3 #2010 B B
GG B FE AR,

2.5
20
1.5F

1.0

I RV /%

0 10 20 30 40 50 60
FREFE /%
B4 IERBRBRESHKMAEFENXER

Fig. 4 Relationship between C.. and cationic degrees of microspheres

55r

354

Zetaf % /mV

15

5 1 1 1 1 1 ]
0 10 20 30 40 50 60

FAEFRE /%
B 5 Ik Zeta BB EHBEFEXR

Fig.5 Relationship between Zeta potential and cationic degrees

of microspheres

2.3 HCGC.HMEGURTEE
B 6 94 Co<<C.. W [ SR B F B+ A HPAM,,

MAERTIERE SREW/HEk R & i 21l 2.
WA Re WG m, Ve e m. Emd, RA
=R —RA—ERHN—RENIR, LR
PR, 4 Jou RN AH B FL AT BR 3 BAORSURL A BLAE A B — AR
M. MPAM, YL V€ W {5 X F MPAM,,, X 2 i F
MPAM, 3k 3= T W i A2 2, IR BN & o A3 1 38 K, LA
o R M B e o A BR AR E M AR 25 3k [R) 3 AR B K VL E
BN, Mgk 2 AL 3 A, ERURE S N, &K
ULVE R 2, VT VE I (H 72 98 . 13X — 45 SR 5 Hierrezuelo
G EE R — B0 B0 Bk RULET , o % B vk B 13
hn, ZRA W r Uk B Y B A I B RS K. Hierrezuelo
Ny, B R 4 0 1E R G W R B = AR B B S BT
S0, I AR TR BT 2 AR AR 2 7 95 nm B 2R & M FIURL
B 10% ~20%" Tl A% 52 56 o 4 8 e 1) 90RE R 72
HECA 41K S b Hierrezuelo 52 55 B R & M 3R K 0
Z WL B2 TR BE AR R /0N, T UE R 3 N 3 B R E AR
UL UE A 3Kk A5 i 35 n o 8. HLUTIE BE A& HPAM i3
HIMARATEHK, ZH T ALK HEE T HR
BAOR R 25 /NIURL B BB T B B K, ek B B KR B
i, FTT R PTTEZ WG 2 WA, /5 B T /D Fk
FR) 82 BT BNF & e BB 7T B[] 5 {8 BB 43 UL VE I A T 2D B
FEB 43 KA i T 25 (8] BR i) % LA 76 %1 20 8. AT 3R
WV ER A TEIELR .

12 - —=— 1 MPAM,~1% NaCl
—e—2 MPAM 1.5% NaCl
1.0 —A—3 MPAM,-2% NaCl

0.8

0.6

TLIEEFR /mL

0.4

0.2

0 2 4 6 8 10

Mgpam,g, / Mypan
BEo6 HCCuBRBRMERE mupan
Fig. 6

/mypan B X £
Relationship between coagulation volume and the mass

ratio of HPAM,,, and MPAM when C; <C,,.

100

SEBG HR R R B, 7E B K BRI A B O B R B K
GRS MR AW R RE X & AL T AW R E A S,
X —ULE REA S MPAM,,-HPAM,,, {& &
IR Zeta 68 H 55 YIAH G, 78 68 o R0 S BT T B8k ) A8
55, 0B AL G| S M AN T T R S R R BTN
PRUT TG AR 4k L3 N L FIURL 3R T B A W R B A 5
KBTI, H Zeta B3I K, e T S8 98, BT
g (B 7, A AT B 7§ NaCl ¥ 3 518 1%



%o M

POEHE S < BT Rk 5 8 0 7K 2R DAY 495 i M 1) 2R B A 1161

5 1. 5% iy il 2 W0, B Eh vk 0, el R T R R AR
FliEsE, R A IAE PR K Zeta BEEMK, £ 1.5%
NaCl 44 7 A , & e 57 Wi A 7 (615 500RE 00 & L 5 D VE A
BN R TR RECATEE . X5 Hierrezuelo KB 5T 45
WHER HANEHEREREBRR EREARE .
HEHTHRRE LM TREZREGWLEA . TR E
b, B A YR B 7S 8 R D BUR B R
R RRRENEEEN

TESE R R A A, AT LA AR 5 0 UE i A8 b Bl 2R T e
16 1T )2 HF R 4 HPAM MUK . % B R # 2 F
EREMHBE YR N EFEE RBEREHE T
BRI VR B B il e KT U ik M A AL B L 55 B )
W
24 G oC HEGRRAFERGREIAR

B 8 A Ce=C. i, MPAM,, N A B X B E&
WIFER W, £ HPAM,, B8R FLHE 8a)]. il A
0.01%~0. 04 %K, A R MR RIEE T . X
HF K& HPAM 4 F 45 Bk 3R T 55 2% W Fff . B I T
VTR HPAM, ¥R B 1 22 36 B th B 2 P A s LR 5
BRI 4 (Y B — A5 30, B 22 HPAM, 7= 75 0 Bt 4

% ¥ /(mPa-s)
»

3L
2|
1 C 1 1 ]
0 10 20 30 40 50
B /s
(a) HPAM,,,

FRMERABBERNAZ. £ HPAML, K ZF[E 8
(b)1,0. 01 %K ED Al KIEfE mIA R MWEE, HHEE
TR B BE N 4R R B RE B A 203, Y ORI B
0. 04% B . 4% F5 08 B A 3% 60% ., HL3E Einstein A% %5
EHRER

0
8t —8—1.5% NaCl
6k —%— 1% NaCl
4
2

Zeta Eﬂﬁ“ /mV
=)

—12| n

-100 0 100 200 300 400 500 600 700 800 900
HPAM SRR / (mg L)

100
E 7 MPAM,-HPAM,,, E & EH ﬁf* B Zeta RE[EEH
HPAM, 0N £ T4 #h 2%
The Zeta potential of microspheres in MPAM,,-HPAM,,,

complex system changes with dose of HPAM,,

0 5 10 15 20 25 30 35 40
B /s
(b) HPAM, ,,,

E 8 X Cp=C..Bf MPAM,, il A= Xf HPAM,, 1 HPAM 0, T B B 2 1
Fig.8 Effect of MPAM,, dose on the viscosity of HPAM,,, and HPAM,, when C; =C..

i MPAM I ik 5 (1) 95 BE 43238 T oK % B, /T
MBS, Bk 250 R 0. 04% B9 303K A K H, 7K 6 B
WM 1 mPass, ik &R BN 10 mPa-s, 7
T8Ik 60% ., XULHBMIREREGWK RS HTFWEN
NS (B AR SE M BEAE R B T LA E, K
TERS THRRNEE . B, B3RS AR TFER
HPAM W/E AHLE AR . X+ HPAM,. .53 T 4B E
BABXT /0N, BB DA h T AR 5 95 0 B 7R sk 3R BRI
HPAM A B8 45 , T B AR 36 2 s 14 T HPAM. 0 50
TLB HERKR AT AR 2816 5 40 14 Z (8] 5
G (R

el A v B DL E ) MPAM-HPAM & & & &
BRHYGTE  ET TR ERRBLEEETIE. M ik &
HOIA B AR TR K Hh T AR B KON R R ) A R
Y, {7 60, % BT AT G0k A1 HPAM #9 #% e8¢ i A FH ok
55, B G IR R R PERR UL, AR TR K
J6 FH B E AK E B S K A A B e B K R R AR A —
E I E

3 %5 i

() EETF-MPAM 5 HPAM B &K R &
MEWEE T AFERILEMN R ENIE. X—kHA



1162 el i

&

Eitd 20134 B34 %

W5 WOR A PR & [ 8 U AE 3K 5 32 muean /moveav 5
M 2/

Q) EEBRTHBREERTIHAREE T,
MPAM-HPAM £ R BRI &E E R IIEERE T
HPAM Y MPAM W) i b B £8 Wk B, 76 o, o 0 0 Bt
T 7= A TUVE B3R B R b, T VE A K T L Bl R ok B
EUTEEIE ., MEFHERNA TR ARG HRRER
BN, AR YR Z O B ROR R 1, OF AR
BIRAR R G B IEFE 5 18 ORI B, 45 i e KU I
i ) AT TE] ) DA T S5 B A A R R A

(3) | T AL E T MPAM Xf 1400 X
10'HPAM FP=AfI52 8k, F — EWEIEM. B T8
K B BAE B MPAM-HPAM f92 & Ik & RE B IR
B RCERBE .

2 £ X @
D1 R, BB, HEIE, % RA YIRS A SO 0 % T R 42

EIR IR AR MRS ]. A i A 4R 2007, 28(4) :86-90.

Wang Gang. Wang Demin, Xia Huilen. et al. Mechanism for en-

hancing oil-displacement efficiency by betaine surfactant after

polymer floodingl J]. Acta Petrolei Sinica.2007.28(4) ;86-90.

[2] BXAElE, Tolb %MW, . AWK E R &S RITRE AR
LI] s E Al R E 4 B RBEM, 2006,30(1) 1 86-89,

7hao Fulin. Wang Yefei.Dai Caili. et al. Techniques of enhanced oil
recovery after polymer flooding[ J . Journal of the University of
Petroleum, China: Edition of Nature Science,2006,30(1) :86-89.
BT, R AR S Bk A TR B R LR T L) .
AEER 22010,31(5) :801-805.

(3]

Feng Qihong.Shi Shubin.Fu Xiao.et al. Numerical simulation of
the residual polymer reutilization ]J]. Acta Petrolei Sinica.2010,
31(5) :801-805.

4] Zeng Z,Patel J,L.ee S H,et al. Synthetic polymer nanoparticle-
polysaccharide interactions:a systematic study| J]. Journal of the

American Chemical Society,2012,134(5):2681-2690,

w

Popa 1,Gillies G, Papastavrou G, et al. Attractive and repulsive
electrostatic forces between positively charged latex particles in
the presence ol anionic linear polyelectrolytes| ] |. The Journal of
Physical Chemistry B,2010,114(9) :3170-3177.

6] Hierrezuelo ], Vaccaro A, Borkovec M. Stability of negatively charged

latex partieles in the presence of a strong cationic polyelectrolyte at

0]

[12

[13

L14]

[17

(& Fa H b 2013-04-26

elevated ionic strengths| ] |. Journal of Colloid and Interface Science,
2010,347(2) ;202-208.

HEBRLL. B AR A G Wil Uik L) . A il 2 4R, 2010, 3201)
122-126.

Cui Xiaohong. A study on the heterogeneous combination flood-
ing system| ] . Acta Petrolej Sinica,2011,32(1);122-126.
EEW sk TS, G W VR R A IR O O AL EELT L vk A
2 .2011,32(5) :852-856.

Bai Yuhu, Zhang Xiansong. The microscopic mechanism of oil
displacement by viscoelastic polymer solution flooding[ J]. Acta
Petrolei Sinica,2011,32(5) :852-856.

Li H,Hou W, Zhang Y. Rheological properties of aqueous solu-
tion of new exopolysaccharide secreted by a deep-sea mesophilic
bacterium[ J ]. Carbohydrate Polymers.2011,84(3) ;1117-1125.
Adachi Y, Aoki K. Restructuring of small {locs of polystyrene la-
tex with polyelectrolyte| J7]. Colloids and Surfaces A Physico-
chemical and Engineering Aspects,2009,342(1/3).24-29,
Dennis J E St.Meng Q K,Zheng R B.et al. Carbon microspheres
as network nodes in a novel biocompatible gel J]. Soft Matter.
2011,7(9) :4170-4173.

Ying Q,Chu B. Overlap concentration of macromolecules in solu-
tion[ ] |. Macromolecules,1987,20(2) :362-366.

Chodanowski P, Stoll S. Polyelectrolyte adsorption on charged par-
ticles: Ionic concentration and particle size effects—a Monte Carlo
approach] ] |. The Journal of Chemical Physics, 2001, 115(10) :
4951-4960.

Borkovec M, Papastavrou G. Interactions between solid surfaces with
adsorbed polyelectrolytes of opposite charge J7. Current Opinion In
Colloid & Interface Science,2008,13(6) ;429-437.

Popa 1, Gillies G, Papastavrou G, et al. Attractive electrostatic
forces between identical colloidal particles induced by adsorbed
polyelectrolytes J |. The Journal of Physical Chemistry B,2009,
113(25) :8458-8461.

Hierrezuelo J, Sadeghpour A, Szilagyi 1. et al. Electrostatic stabiliza-
tion of charged colloidal particles with adsorbed polyelectrolytes of
opposite charge[J]. Langmuir,2010,26(19) ;15109-15111,

Gillies G, Lin W, Borkovec M. Charging and aggregation of posi-
tively charged latex particles in the presence of anionie polyelectro-
Iytes[ ] . The Journal of Physical Chemistry 1B, 2007,111(29);

8626-8633.

gl B 2030720 o fEGER BE/INB)



