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Abstract — In the paper, SEM analysis, binary system adsorption test and multistage adsorption test were conducted on such 
chemical flooding binary agents as polymer and surfactant using the core and water samples taken from Gangxi 3 block in the 
Dagang Oilfield. The study results show that, due to the adsorption of chemical system, the rock surface roughness is reduced, and 
the chemical agent mainly enters smaller surface pores. Moreover, the static adsorption rules of polymer/surfactant binary system 
in Gangxi 3 block are ascertained, indicating that the binary system achieves an adsorbance of 53.9% lower and an equilibrium 
adsorption concentration also lower than single polymer. The surfactant DWS-3 binary system has a better multistage adsorption 
resistance capacity. In particular, 0.2% DWS-3 binary system can resist 2 times of adsorption, and 0.3% DWS-3 binary system can 
resist 4 times of adsorption. 
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I. INTRODUCTION 

When the chemical binary flooding system is injected 
into the oil-bearing strata, it will be adsorbed on the pore 
surface of reservoir minerals to some extent. This binary 
adsorption is a very complicated chemi-geology coupling 
phenomenon, and is related to the chemical constitution of 
and inter-reaction between surfactant and polymer, the clay 
mineral in the formation and the reservoir pore surface 
roughness. However, due to the adsorptive retention of 
binary system, the chemical agent concentration of slug 
drops, which has a great influence on the effect of chemical 
flooding [1-4]  

The binary system adsorbance is mainly divided into 
static adsorbance and dynamic retention in measurement. 
The dynamic retention, with large measurement error, cannot 
effectively reflect the inter-reaction between reservoir and 
chemical system [5-7]. There are many methods available to 
measure the static adsorbance, including the bath method in 
which the solid adsorbent is added into a certain volume of 
solution with known concentration to reach adsorption 
equilibrium, the cyclic method in which the solution 
circulation levels off by means of solid adsorbent in a closed 
system, and the chromatography in which the adsorbent is 
taken as the fixed phase to measure the concentration of 
inflow and outflow solutions[8]. Many scholars have studied 
the chemical flooding adsorption phenomenon over recent 
years. Park[9] worked on the adsorption of 4 surfactants in 
chemical flooding process, and analyzed a series of functions 
of it on the solid-liquid interface. Kamari[10] investigated 
the concentration determination method under chemical 
flooding retention circumstances. Dang[11] explored the 
preliminary retention of chemical agent in chemical binary 
flooding. All these studies are conducted using specific 
binary systems and in special reservoir, but they are not 
suitable for the field test of binary compound system in the 
Dagang Oilfield. Therefore, in the paper, based on the 

specific binary agent for Dagang Oilfield, we conduct single 
component, binary system and multistage adsorption tests of 
polymer and surfactant, and systematically clarify the static 
adsorption of binary system in the Dagang Oilfield. 

II. MATERIAL AND METHODS 

Series of pertinent indoor and outdoor experiments are 
carried out to know the classification engineering properties 
of high liquid limit soil in the region, and provide theoretical 
references for engineering quality evaluation and 
improvement scheme selection. 

A. Materials 

Core: Gangxi 3 block of Dagang Oilfield. Surfactant: 
DWS-3 non-ionic surfactant. HPAM: molecular weight of 
25,000,000, produced by Dagang Oilfield Bohong 
Petrochemical Co., Ltd. Water: injection water of Dagang 
Oilfield.  

B. Apparatuses 

High resolution field emission ten thousand times SEM, 
high performance liquid chromatography (HPLC): Agilent 
Technologies. Ultraviolet spectrophotometer: Beijing 
Purkinje General Instrument Co., Ltd (PERSEE).  

C. Methodology 

Firstly, 20-80 mesh components were screened out from 
the clean-up flowback core sands of Gangxi 3 block. Then, 
they were put into airbath thermostatic vibrator at certain 
solid to liquid ratio and vibrated under 53℃ at 160-170 C/M 
velocity. 48 hours later, the vibration was stopped; after 
hold-up, the mixture was centrifuged for 20 minutes to 
conduct solid-liquid separation. 
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III. RESULTS AND DISCUSSIONS 

A. Fractal characteristics before and after adsorption of 
chemical flooding binary system  

Tonal processing was conducted using image analysis 
instrument to the images (×3,000) obtained by high 
resolution field emission ten thousand times SEM, so as to 

make the boundary of surface concave-convex areas be more 
apparent. After computer processing, the equivalent diameter 
of concave area on rock mineral surface was picked up. 
Finally, the relational histograms of distribution fraction and 
equivalent diameter were plotted (Figure 1). 

The data picked up from image analysis instrument can 
be used to derive the relation between surface equivalent 
diameter and distribution fraction and the change in fractal 
dimension before and after adsorption (Table 1). The greater 
the fractal dimension, the smaller the surface concave area is. 
As shown in Figure 1, there is more 0-2 µm equivalent 
diameter before adsorption than after adsorption, indicating 
that the chemical substances in binary system would enter 
tiny porous channel to a certain extent and thus reduce the 
rock surface roughness. The proportion of 2-10 µm 
equivalent diameter changes little before and after 
adsorption. As for the equivalent diameter that is more than 
10 µm, it increases to some extent after adsorption, which 
may be resulted from the increase of rock surface roughness 
due to self crosslinking of binary system after it has been 
polymerized and adsorbed on the surface.  

B. Static adsorption curve of polymer/surfactant binary 
system 

The static adsorption test of polymer in binary system is 
conducted using fixed 0.2% surfactant. The static adsorption 
curve obtained with different concentrations of polymer is 
shown in Figure 2. The polymer static adsorbance in binary 
flooding of Gangxi 3 block is 1.864 mg/g sand, and the 

adsorbed equilibrium concentration is 1,120 ppm. 
Compared with single polymer, the polymer in binary 
system presents an adsorbance of 18% lower and an 
equilibrium adsorption concentration also lower to some 
extent.  

The static adsorption test of surfactant in binary system 
is conducted using fixed 1,500 ppm polymer, the 
concentration of DWS-3 surfactant is changed, and the solid 
to liquid ratio is 1:9. The static adsorption curve obtained is 
shown in Figure 3. The surfactant static adsorbance in 
binary flooding of Gangxi 3 block is 3.845 mg/g sand, and 
the adsorbed equilibrium concentration is 1.2%. Compared 
with single surfactant, the surfactant in binary system 
provides an adsorbance of 18% lower and an equilibrium 
adsorption concentration also lower to some extent. 

The surfactant adsorbance is reduced by adding polymer, 
because the competitive adsorption of polymer and 
surfactant occupies some adsorption sites and thereby 
reduces the empty adsorption sites on oil sand surface. 
Additionally, the adding of polymer increases the viscosity 

              

Figure 1    Distribution of surface concave area before and after adsorption of chemical flooding binary system 

TABLE I   FRACTAL DIMENSION OF SURFACE BEFORE AND AFTER ADSORPTION OF CHEMICAL FLOODING BINARY SYSTEM 

Item Before adsorption After adsorption 

Fractal dimension, Df 1.798 1.702 
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of the system, and reduces the probability of contact of surfactant molecule with rock surface. 

 

Figure 2   Static adsorption curve of polymer in binary system. 

 

Figure 3    Static adsorption curve of surfactant in binary system. 

C. Multistage adsorption characteristics of 
polymer/surfactant binary system 

When the polymer/surfactant binary system flows in the 
reservoir, multiple adsorptions of polymer and surfactant 
will occur. However, after adsorption, the binary system has 
some influences on the interfacial tension of crude oil. 
Therefore, multistage adsorption method is adopted to 
measure the change of binary system in crude oil interfacial 
tension after each adsorption, with the same process as the 
adsorption process. Multistage adsorption system adopts 
0.2% and 0.3% DWS-3 surfactants and 25,000,000 
molecular weight of 1,500 ppm polymer. The multi-
adsorption test results are shown in Figure 4 and Figure 5. 

As shown in Figure 4 and Figure 5, for 0.2% DWS-3 
binary system, the interfacial tension of binary system and 
crude oil comes to 10-2 mN/m at third time of adsorption; 
for 0.3% DWS-3 binary system, the interfacial tension 
comes to 10-2 mN/m at fifth time of adsorption, the 
surfactant concentration increases, and the adsorption 
resistance capacity strengthens. In general, 0.2% DWS-3 
binary system can resist 2 times of adsorption, and 0.3% 
DWS-3 binary system can resist 4 times of adsorption.  

IV. CONCLUSIONS 

(1)The fractal characteristics and the relation between 
equivalent diameter and distribution fraction before and 
after adsorption of chemical flooding binary system are 
correlated using SEM and a series of image analyses. Due to 
the adsorption of chemical system, the rock surface 
roughness is reduced, and the chemical agent mainly enters 
smaller surface pores.  

(2)The static adsorption rules of polymer/surfactant 
binary system in Gangxi 3 block are ascertained by tests. 
The equilibrium adsorbance of polymer in 
polymer/surfactant binary system is 1.864 mg/g sand, and 
the adsorbed equilibrium concentration is 1,120 ppm; 
compared with single polymer, the adsorbance of the binary 
system reduces by 18%, and the equilibrium adsorption 
concentration also reduces to some extent. The equilibrium 
adsorbance of surfactant in polymer/surfactant binary 
system is 3.845 mg/g sand, and the adsorbed equilibrium 
concentration is 1.2%; compared with single surfactant, the 
adsorbance of the binary system reduces by 53.9%, and the 
equilibrium adsorption concentration also reduces to some 
extent. All the adsorption curves are L-type.  
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(3)Surfactant DWS-3 binary system has good multistage 
adsorption resistance capacity. In particular, 0.2% DWS-3 
binary system can resist 2 times of adsorption, and 0.3% 
DWS-3 binary system can resist 4 times of adsorption. 
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Figure 4  Multistage adsorption results of 0.2% DWS-3 surfactant and 25,000,000 molecular weight of 1,500 ppm polymer. 

 

Figure 5   Multistage adsorption results of 0.3% DWS-3 surfactant and 25,000,000 molecular weight of 1,500 ppm polymer. 


