12 No. 12
2009 12 ACTA POLYMERICA SINICA Dec. 2009

In#k FRET z4X

163318
DLS HPAM
HPAM
HPAM D,
D, .Ca®" Mg* K* Na* D, Mg
>Ca" >Na* >K*. D,
p i . D,
13 ” DLS
HPAM Stern-
-3 Graham
5 1.0 x 10
45
1
1.1
1.1.1
HPAM “
" 2.5x 10
“ / 88 % 1. NaCl
/ 7 99.5% KCl 99.6% MgCl,
98.5% CaCl, 93.0% Na,SO,
97.0% NaHCO; 99.8%
NaOH  Na, CO, 96.0%
9% .
50% . : 8 7
50% .
6~11
* 2008-12-24 2009-02-16 20087X05024-04 20087ZX05010-04
*x E-mail luxiangg2003 @ yahoo. com. cn

1259



1260

2009

Table 1 The detection result of polymer physics-chemical performance index

Viscosity average Active Degree of Screened factor Transmissivity Water insoluble Dissolving
molecular weight  ingredient %  hydrolysis % Dimensionless Dimensionless mass % rate h

2.5x 107 88.57 26.50 41.0 >1.5 0.0992 <2

1.1.2 0.80 pm Pall
2
> 18.2 MQ cm ELGA
Table 2 The ion composition of experiment water mg/L.

Ton composition Ca®* Mg+ Na* COs%- HCO; ~ CL- 80,2~ Sum salinity

Ton concentration 34.1 24.3 231.2 90.0 225.1 88.7 36.0 729.3
1.2 D,

Brookhaven BI-200SM /
Brookhaven Instruments Cop D,
USA BI-9000AT
200 mW 2
532.0 nm 90°. CONTIN 2.1
0.80 pm
KQ3200DE D, Na*
1.3 NaCl NaOH NaHCO;
Na, CO, Na, SO,
i . Fox-Flory D, 3

Table 3 The D), experimental results with different anions in solvent water M =2.5x 10" ¢p =200 mg/L

Anion ¢n,+ =0.01 mol/L
Sample compositions Hyperpure water
cl- S0,%" OH~ HCO; - €05~
Mean D), nm 395.8 401.1 424.4 415.8 407.4 718.3
3 1
D, .Cl~ SO~ D,
D, .OH~ HCO; HPAM
CO,>" D, D,
_ 2
HPAM Cl SO, D,

Ccl~ S0, OH™ HCO; CO,*"

3 HPAM

—COO™ Na“® Na® OH™ HCO,”  COy*" pH 7
HPAM
3

HAPM
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Fig. 2 The relation curves of Dy, and Na* concentration
Fig. 1 The D), distribution with different anions ¢, = 200
mg/L. D h . Na*
Na* . Na*
HPAM
0.05 mol/LL D, Na*
) 4 4
¢ Dh Mgz +
Ca" >Na" >K".
NaCl HPAM
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D, 2
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HPAM D, .
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Table 4 The D), experimental results with different cations M =2.5 %
107 ¢p =200 mg/L
Sample Cation ¢ =0.01 mol/L Hyperpure Stern
compositions K* Nat Ca* Mg * water Stern Stern
Mean D, nm  427.3  395.8  240.6 202.2  778.3 . Stemn
2
HPAM 3
Polymer molecular surface
Albworl layer
Hydrated
ion
DilTuse
laver
Stern layer
(a) (b
' Fig. 3 The sketch map of the HPAM molecule a and its electrical double layer b
Stern-Grahame BB ¢
HPAM HPAM
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x ¢
4 Na® Ca’*
123 i
Ca™”
Ca’* Na* Ca’*
HPAM
D, . NaCl
HPAM
Stern
HPAM
-1 Table 5 The radius and polarizability of cationis
Stern Cation K* Na* Ca®* Mg+
S ¢ Radius x 10° nm 133 95 9 65
Polarizability x 10*
0.923  0.199 0.52 0.105
G m> V™!
D,
HPAM 2.3
2.3.1
3b HPAM
HPAM “ / ”
Dh Dh
HPAM . 6.
NaCl HPAM o o _
Table 6 The D, with different anionic surfactant concentrations M =
Stern 2.5% 107 ¢p =200 mg/LL
. C Anionic surfactant concentration wt%
Na HPAM Sample compositions
0 0.02 0.04 0.06  0.08
NaCl
Mean D;, nm 465.2  431.8  486.7 417.4 417.0
Na* Stern
Na* 6
HPAM
NaCl



1263

12
4 “ ) »
Na™
n 14
Fig. 4 Necklace model for surfactant-polymer” complex
Na® HPAM
18
Na*
HPAM
HPAM
“ ? HPAM D,
2.3.2 HPAM
13 8 ” =
3
D, 7.
1 HPAM

Table 7 The D, with different nonionic surfactant concentrations M =

2.5x10" ¢p =200 mg/L

Nonionic surfactant concentration wt %

Sample compositions

0 0.02 0.04 0.06 0.08
Dy nm 465.2  491.8 525.2  547.3 551.1

16 Shirahama "

D,
Mg K*  Na" D,

. Ca’t
MgZ +

Ca’" >Na* >K* 2 NaOH NaHCO,  Na,CO,
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INFLUENCES OF CATIONS ANIONS AND SURFACTANTS ON MOLECULAR COIL
DIMENSIONS OF PARTIALLY HYDROLYZED POLYACRYLAIMDE

WANG Xiaoyan LU Xiangguo JIANG Weidong
Key Laboratory of Enhanced Oil Recovery Daging Petroleum Institute  Ministry of Education
Daging Petroleum Institute  Daging 163318

Abstract The influences of cations anions anionic surfactant and non-ionic surfactant on the molecular coil
dimension of hydrolyzed polyacrylamide HPAM were studied by using dynamic light scattering DLS and ther
mechanism was analyzed by applying the Stern-Graham double electrode layer model theory paternoster model theory
and dynamic model. The results show that the influence of anions on the HPAM molecular dimension D, is little

but comparing against anions the influence from cations is much greater and the decreasing degree of D, with the
cation concentration increasing decreases gradually. The order of action capacity of Ca’* Mg’* K* and Na* for D,
is Mg™* > Ca’* >Na* > K" . When the anionic surfactant is introduced into polymer solutions D, decreases with
the concentration of anionic surfactant increasing first then increases and decreases again. Moreover because of the
powerful electrostatic repulsion the capacity of anionic surfactant molecules to adsorb on the surface of polymer
molecules is weak and it is difficult to form the® anionic surfactant-polymer” complex. However the nonionic
surfactant can adsorb on the polymer molecular chains in the form of micellar aggregate forming“ nonionic
surfactant-polymer” complex and result in the D, increasing with the nonionic surfactant concentration increasing.

Keywords Polymer solution Molecular clew dimension Influential factor Instrument detection Mechanism

analysis





