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Influence of rock pores on gel-forming of amphion polymer gel
LIU Jin-xiang, LU Xiang-guo, ZHOU Yan-xia, HU Shu-qiong, XUE Bao-qing

(Key Laboratory of Enhanced Oil Recovery of Education Minisiry, Northeast Petroleum University, Daqing 163318, China)

Abstract: The Bush viscometer, dynamic light scattering, and core flow experiment were used to study the gelling effect of
cross-linked polymer systems in the jar and porous media, and the compatibility of the system and the core. The results show
that the viscosity of the system increases greatly, and the molecular coil dimensions of the system increases clearly, which indi-
cates the gelling effect of the system is good. And the intra-molecular cross-linked of the system takes place firstly, and then
the inter-molecular cross-linked. When a wide range of inter-molecular cross-linked reaction does not take place in the system,
the molecular clew size is smaller, and has good compatibility with the core. However, when the cross-linked reaction takes
place, the compatibility obviously deteriorates (the molecular clew size increases significantly) , which results in the difficulty
of injecting the core. Under static conditions, cross-linked polymer system could gel in the core, but the gelling effect is signif-
icantly lower than that of the beaker. And with the time increasing, the residual resistance coefficients of the inter-molecular
cross-linked system first increases, then decreases. And with the core permeability increasing, the residual resistance coeffi-
cient of the cross-linked polymer systems increases, which shows the increase of time and space can improve the gelling effect
of the cross-linked polymer systems. Under dynamic conditions, the resistance coefficient of the cross-linked system and the
polymer solution are almost the same, which means that the cross-linked reaction of such cross-linked polymer system can not
occurr. The shift rate and locating ability of polymer and cross-linker in cross-linked polymer system can be disturbed with the
flow of the system, which leads to the decrease of the gelatin rate, the reduction of the cross-linking degree, or even the elimi-
nation of the gel formation.
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Table 1 Viscosity data of experiment

LIS

B w/ (mPa - s)

lh 2h 3h S5h 15 h 30 h 60 h
PS(¢,=2500 mg/L) 124.8 126.5 128.5 127.9 127.5 125.8 122. 4
CPS-PG(¢,=2500 mg/L, ACHRFR 0. 2% ) 123.4 125.2  12548.0 13579.0 14121.0 13743.0 12848.0
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Table 2 Influence of time on D,

A D/
Yl 4
g I h 2h 3h 5h 15 h 30 h 60 h
PS 137.3 - 145. 4 157.8 292. 1 168.5 158. 4

-
RRE CPS 132.2 - 134.5 138.5 356. 1 448.2 535.2
e PS 137.3 140. 2 142.5 152. 1 281.5 172.5 157.2
T S R

CPS-PG 132.2 458.2 74520  9487.0 12475.0 16763.0 14472.0
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Table 3 Polymer relative molecular mass corresponding

to permeability and pore throat radius

RGN Ok, ElEE BERE kR

4y /104 % 12/ pum 1073 um?  HH d/pm
650 30 0.148 35 1.11
1000 30 0.283 90 2.12
1500 30 0.342 130 2.57
2400 30 0.472 300 3.54
3600 30 0. 640 500 4.80
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Table 4 Resistance coefficient and residual resistance coefficient of flow experiments

WS TR BB u/(mPa - s)  BLAFRBF, BREIFRE Fy

1 T 1.2 V,PS, 8Kk 75.2 14.5 8.2

2 1.2 V,CPS, Ja ik K 74.3 14.3 8.2
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Fig.3 Dynamic characteristic curves

of flow experiment
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Table 5 Influence of time on resistance coefficient and residual resistance coefficient

kS TR i w/(mPa - s)  BHLAREF, BRI RE Fry

9 M 1.0V, PS,45 CiE 5 d,FLlKik 74. 8 106. 8 8.9
10 ¥E 1.0V, CPS,45 CHrE 1 d,JF8e/KuK 73.6 106. 1 110.7
11 7E 1.0V, CPS,45 CHr#E 2 d, /58K 73.4 107.4 113.1
12 7£1.0V, CPS,45 CHr#E 3 d,JFs/KIK 73.2 107. 8 117.1
13 ¥E 1.0V, CPS,45 CHrE 5 d,J58iKuK 74.6 105.0 121.1
14 ¥E 1.0V, CPS,45 CHrE 15 d,JaLKIR 73.9 105.3 145. 1
15 1.0V, CPS,45 CHUE 30 d, )54 /KER 73.2 105.3 179. 1
16 I 1.0V, CPS,45 CHUE 60 d, JF4EK IR 73.6 106. 4 166. 1
17 {ELOV, PitEE T RAWHER (PG) ,45 CHEEOCE 15 d,J58KIK 7985.0 9 —
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Fig.4 Dynamic characteristic curves of time

on static gelling effect
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Table 6 Influence of permeability on resistance

coefficient and residual resistance coefficient

o HiB Fh BHFT BRASRH
ES . BE L/ w ESEIVIEY '
103 wm? (mPa-s) Fy Frr
18 ‘ 50 75.2  111.8  68.3
9 g lo‘coﬁggpss | 200 75.6  106.8 8.9
1 CIRR S 74, 2 6
Il 600 9 69 6.5
20 4800 75.5 592 5.8
2 - 50 75.5  112.0 117.3
13 f; OIC'%C;";PZ’ 200 75.5  106.1 110.7
o
2 © 1600 75.8  68.9 548.2
J kIR ?
23 4800 75.1  59.6 8745.6
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Fig.5 Dynamic characteristic curves of

permeability on static gelling effect
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Table 7 Resistance coefficient and residual resistance coefficient of dynamic gelation experiments

. B BT R EL TRARBEL ) Z L F
ViE S g 2 e
(mPa-s) A2 2.3 3-4  4-5  S-E AH-2  2-3 3-4  4-5 5[
1. 17 V,PS, JE 82K UK, i i
v AR 34.8 326 30.3  29.5  25.5 6.1 6.4 6.5 6.7 6.9
1 mL/min
1.17 V, CPS,J5 £ /K 9K, 7
25 e 757 38.9 3.8 30,4 29.8  27.4 62 65 66 67 10
| mL/min
1.17 V, CPS, & 2 d, )&
A } 75.5 34.8 3.4 30,2 293 268 351 339 335 346 34.6
27K UK, i 1 mL/min
1.17 V,P CPS, i i K IR,
’ Glaks 75.1 58.2  34.4 350 341  28.4 9.3 9.6 9.1 8.0 8.0

i 0.5 mL/min
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