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Abstract — For low permeability reservoirs, we conducted foam performance test and physical simulation experiments for CO2 
foam system of three kinds of different foaming agent under condition of three kinds of temperature. We contrasted the effect of 
enhanced recovery, and analyzed how the type of foaming agent, temperature, pressure, and the stability of foam influenced crude 
oil and other aspects influenced by the displacement efficiency. The results show that the volume of the foaming agent called FP388 
is the biggest, and FP388’s half-life period is in the middle, its aggregative index of foam is highest, which means it is easier for 
FP388 to form stable foam than the other two kinds of foam systems under the same condition. At the same level of permeability of 
cores, the three kinds of CO2 foam system could enhance the recovery ratio for more than 20% after water flooding. It turns out 
that the three kinds of foam systems have good ability to enhance recovery, and the effect of the foam system which is composed by 
FP388 is the best. We give in-depth analysis of how the formula of foam system, temperature, pressure, crude oil and other aspects 
affected the displacement efficiency, and obtained 3 conclusions. 1) in terms of types of foaming agent and temperature, the 
foaming agent called FP388 in the former three kinds of foaming agent is the most stable. 2) in terms of pressure, the stability of 
foam increases with increasing pressure until it reaches the stable system. 3) in terms of crude oil, how crude oil influences the 
stability of foam depends on whether the crude oil is in the state of dissolved gas or emulsion and whether the crude oil has formed 
the stable false emulsion membrane. 
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Ⅰ. INTRODUCTION 

As a kind of gas drive, CO2 flooding has the same 
displacement mechanism as the general gas drive, besides 
that some special displacement mechanism which is 
because of its physical and chemical characteristics that 
CO2 is easy to soluble in oil and water [1]. CO2 can greatly 
enhance the oil recovery by reducing the viscosity of crude 
oil, reducing the oil-water interfacial tension, reaching 
miscible with oil and other displacement mechanisms, and 
CO2 flooding has been one of the most promising methods 
to enhance oil recovery factor [2]. Foam flooding is an 
efficient method in enhancing the oil recovery, and it can 
control the fluidity of gas and improve gas breakthrough 
and viscous fingering in heterogeneous reservoirs during 
the gas drive. The indoor experimental results in profile 
control of CO2 foam show that, the seepage characteristic of 
CO2 foam is very special, and CO2 foam has selective 
plugging for layer and can greatly enhance the oil recovery 
[3-4]. So the scholars both at home and abroad have paid 
further attention on the study foaming agent for CO2 foam 
flooding, the influential factors and application in CO2 
flooding and CO2 foam flooding [5-7], and it needs to be 
studied further that the choice of on the performances of 
CO2 foam and the aspect of improving the recovery 
mechanism for foam. Therefore, this paper has compared 

the dynamic displacement effect of the three kinds of CO2 
foam system in low permeability reservoirs through the 
laboratory experiment, and analyzed the related influential 
factors of oil displacement efficiency. 

II EXPERIMENT SECTION 

A. Experimental Equipments and Materials 

1) Experimental equipments 
Air compressor; Gas cylinder which is equipped with 

high CO2 gas and is used for air source; Piston containers 
whose volume is 1000mL and 400mL; Foam generator; 
Constant –flux pump and ISCO pump; Plastic pipeline and 
steel pipeline; Calorstat; Six-way valve and pressure gage; 
Equipment for saturating formation water; Gas metering 
device. 

2) The main experimental materials 
Foaming agents: FP388, FP246, FP275; Foam 

stabilizer: WP125; Viscosity stabilizing agent: 
Thiocarbamide; 

The experimental oil: Simulated oil; The experimental 
water: Simulated water which is prepared according to the 
requirements of salinity in oil field; 

The experimental cores: Artificial cores glued by quartz 
sand, the standard cylindrical cores (Φ2.5cm×10cm). The 
permeability of the core is averagely around 10×10-3μm2 
which is selected according to the average permeability of 
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simulation demonstration area, the number of core is 9, they 
are 1~9 according to the experiment scheme numbers. 

B. Experimental Schemes 

In order to compare the displacement efficiency of CO2 
foam system made by three kinds of different foaming 
agent in low permeability cores, we have conducted water 
flooding and then CO2 flooding under the temperature 
condition of 45 , 75 , 100 , specific experimental 
schemes is that water displaces the oil until the moisture 
content is 98%, and then foam displaces oil until the 
moisture content is 98%. 

C. Experimental Process 

According to the requirement of the experimental 
conditions, the experimental process of foam flooding is as 
shown as Figure 1. 

 

 

Fig. 1 Diagram of Experiment Process for Foam Flooding 

1, 2 - ISCO pump, 3 - Piston container filled with CO2, 4 - Piston 
container filled with foaming agent, 5 - Core holder, 6 - Six-way 
valve, 7 - Pressure gage, 8 - Core holder, 9 - Back pressure control 
valve, 10 - Liquid metering device, 11 - Gas metering device, 12 - 
Calorstat. 

In chart 1, there are respectively CO2 gas and solution of 
foaming agent system in piston container 3 and piston 
container 4, the function of pump 1, 2 makes the proportion 
between solution of foaming agent system and CO2 gas be 
1:10, and then drive them into foaming core in core holder 
5, so the system of CO2 foam. When the stable foam is 
observed at Valve 13, then open the Valve 14 in order to 
make the stable foam enter into experimental core in 8. The 
main function of 6 and 7 is measuring the pressure at 
injection side in the foam system. Back pressure control 
valve controls the back pressure at delivery end of the core, 
according to bottom hole flowing pressure of production 
well in the demonstration zone, the back pressure which is 
8MPa is set.  

D. Experimental Procedure 

The experimental process is the same for the three kinds 
of CO2 foam system, the specific experimental steps are as 
follows: 
 The performance test for foam. 
 Put the core into core holder, make the casing 

pressure be 3.5MPa, and vacuum for 2h. 
 Saturate water for the core, and then cultivate it. 

 Saturate oil for the former cultivated core, and 
calculate the initial oil saturation for this core, then 
put the core into the calorstat for 8~10h. 

 Conduct water flooding experiment, and record the 
data which includes the pressure at the injection 
side, fluid production, oil production every 30min, 
and stop the water flooding experiment when the 
water content ratio reach at 98%. 

 Use the foam-making apparatus (the foaming core) 
to make foam, connect the delivery end of the foam 
with the core holder when the stable foam is 
produced, and conduct the experiment of CO2 foam 
flooding, and record the experimental data which 
includes the pressure at the injection side, fluid 
production, oil production, gas production every 
30min, and stop the experiment when the water 
content ratio reach at 98%. 

 Clean up and calculate the experimental data. 

III. EXPERIMENTAL RESULTS 

The test data logging of foaminess and foaming stability 
for the three kinds of foaming agent under the normal 
temperature and pressure is as shown as Table I. 

TABLE I. THE TEST RESULT OF FOAMINESS AND FOAMING STABILITY  

The Type of 
Foaming Agent 

Foaming 
Volume 
Vf (mL) 

Half-life 
Period 
t1/2 (s) 

Aggregative 
Index FCI 

(mL·s) 

FP388 930 499 3480525 

FP246 910 439 2996175 

FP275 730 310 169725 

 

Annotations: the mass concentration of foaming agent 
used in testing is 0.4%. 

It can be seen from Table 1 that under the normal 
temperature and pressure, the foaming volume of t FP388 is 
the biggest between the three kinds of foaming agent, and 
FP388’s half-life period is in the middle, its aggregative 
index of foam is highest, it turns out that FP388’s overall 
performance is the best. 

Cores of the same level permeability are selected, in 
view of the three kinds of CO2 foam system, the half-life 
period of CO2 foam system and the biggest foaming volume 
in the normal temperature and pressure are tested under the 
temperature condition of 45 , 75 , 100 , the data logging 
is as shown as Table II. 

TABLE II. THE EXPERIMENTAL DATA OF HALF-LIFE PERIOD FOR 
FOAMING AGENT (NORMAL PRESSURE) 

The Type of 
Foaming Agent 

Half-life Period t1/2（s） 

45  75  100  

FP388 964 483 167 

FP246 923 409 113 

FP275 1055 566 221 
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It can be seen from Table II that under the normal 
pressure, CO2 foam system’s stability gets worse with the 
temperature increases, and its half-life period decrease 
sharply; half-life period of the foam downs quickly when 
the temperature is from 45  to 100 , and its stability 
changes sharply; for the three kinds of foaming agent 
solutions whose concentrations are the same, FP275’s half-
life period is the biggest at the same temperature, it means 
that FP275’s foam stability is the best; FP246’s stability is 
fairly with FP388’s only when the temperature is 45 , but 
when the temperature increases, FP246’stability decreases 
sharply, and the stability of foam formed by FP246 is the 
worst between the three kinds of foaming agent; with the 
increase of temperature, the difference of stability between 
FP388 and FP275 decreases gradually. 

Cores of the same level permeability are selected, in 
view of the three kinds of CO2 foam system, the 
experiments of water flooding and then CO2 flooding have 
been conducted under the temperature condition of 45 , 
75 , 100 ,  the experimental result is as shown as Table 
III. 

TABLE III. THE DATA OF DISPLACEMENT EXPERIMENT FOR THE THREE 
KINDS OF CO2 FOAM SYSTEM 

Experimental 
Scheme 

Permeability 

(×10-3μm2) 

Temperature 

( ) 
The Type of 

Foaming Agent 

1 10.2 

45 

FP388 

2 10.3 FP275 

3 10.1 FP246 

4 10.4 

75 

FP388 

5 10.3 FP275 

6 10.2 FP246 

7 10.1 

100 

FP388 

8 10.5 FP275 

9 10.2 FP246 

 

 
Fig. 2 Comparison Diagram of Overall Recovery for the Three Kinds of 

Foam System 

Figure 2 is drawn according to the data in Table III, and 
then further compare the displacement effect between the 
three kinds of foam system, as shown as Figure 2. 

It can be seen from the Table I and Figure 2 that when 
the temperature of indoor displacement experiment is 45 , 
75  or 100 , the laws of displacement efficiency for the 
three kinds of foam system are similar, it is that the effect of 
foam system made up by FP388 foaming agent is the best, 
the effect of foam system made up by FP246 foaming agent 
takes second place, the effect of foam system made up by 
FP275 foaming agent is the worse. 

IV. ANALYSIS OF INFLUENTIAL FACTORS 

Laboratory oil displacement experiment is an important 
way to evaluate the CO2 foam flooding, in the process of oil 
displacement, the formula and component of CO2 foam 
system, injection condition, technological conditions, 
reservoir characteristic and others influence the effect of the 
foam flooding [8]. This study has mainly conducted oil 
displacement experiment for three kinds of conditions and 
three kinds of foaming agent system. In the experiment, the 
degree of mineralization for formation water is certain and 
the levels of permeability for core are the same, therefore 
this part has studied displacement efficiency of CO2 foam 
flooding only considering the formula of foam system, 
temperature, pressure and crude oil. 

A. The effect of the type of foaming agent 

Only the type of foaming agent is different in the 
formula of three kinds of foam system in this paper, and 
other type of chemical reagent and working concentration 
are all the same, so the difference between the three kinds 
of formula system only is the type of the foaming agent. 
According to the displacement experiment results (as shown 
as in Table I and Figure 2), it can be seen that the types of 
foaming agent are different and respectively displacement 
efficiency of CO2 foam system are different, manifestation 
at three kinds of temperature all is that FP388 is better than 
FP246 and FP246 is better than FP275, namely the 
displacement efficiency of the foam system which uses the 
FP388 as the foaming agent is always the best between the 
three, the foam system which uses the FP246 as the 
foaming agent takes the second place, and the foam system 
which uses the FP275 as the foaming agent is the worst. 

B. The effect of temperature 

The foam system is typical thermodynamic instability 
system. As the temperature increases, the solubleness of the 
foaming agent increases, the adsorptive capacity at the gas-
liquid interface decreases, and the film strength decreases; 
in the heat, the viscosity of liquid between the films 
decreases, the rate of delivery for liquid film accelerates, 
and that makes foam stability decrease, and its performance 
is that the foam in CO2 foam system is easy to break out 
during the displacement process and influence its ultimate 
displacement efficiency. 
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Fig. 3 The Relationship between the Value of Enhanced Oil Recovery for 
the Three Kinds of Foam System and Temperature 

It can be seen from Figure 3 that when the temperature 
increases from 45  to 100 , the values of enhanced oil 
recovery for the three kinds of foam system are all 
decreased, and the higher the temperature is, the lower the 
value of enhanced oil recovery is, but the system made by 
FP388 is more stable comparing with the other kinds of 
foam system. 

C. The effect of pressure 

It is generally believed that when the pressure increases, 
the foam stability increases [9]. 

During the displacement process, and when the 
permeability of the core is around 10×10-3μm2, it needs 
higher injection pressure in order to inject CO2 foam 
system, during the foam flooding process, resistance factor 
is bigger and the pressure in the system is higher, and those 
are good for the stability of foam. For the actual 
heterogeneous reservoir, the most of foam enters into more 
tend to be high permeability layer, so the higher resistance 
factor are formed at high permeability layer, and this forces 
subsequent injected fluid into the low permeability layer, 
which expands the swept volume, and then enhances oil 
recovery.  

 
Fig. 4 The Relationship between the Pressure for the Foam System of 

CO2+FP388 and Percentage of Liquid Volume. 

Taking high temperature and high pressure test results 
in PVT canister as a reference [10], it also verifies that 
when the pressure increases, the foam stability increases. 

Take the foam system of CO2+FP388 as an example, the 
relationship between the pressure under the three kinds of 
temperature and percentage of liquid volume is as shown as 
Figure 4. 

It can be seen from Figure 4 that for the foam system of 
CO2+FP388, when the temperature is a certain, the 
percentage of liquid volume in PVT canister gets less and 
less with the increase of pressure, it turns out that more 
solution of foaming agent forms stable foam with the 
increase of pressure; When the pressure increases to critical 
threshold of pressure low limit, all of solution of foaming 
agent forms stable foam with CO2 gas; When the pressure 
continues to increase, there will be no liquid precipitine, so 
it can be seen that increasing pressure can actually increase 
the stability of foam until the foam reaches the stable 
system. That is because of after increasing the pressure, the 
density of gas molecule increases, and it also benefits that 
the molecules of foaming agent can arrange closely, and the 
interfacial tension of the formed foam system gets bigger, it 
is easier to form stable foam. 

D. Crude oil’s effect on foam stability [11] 

The reaction between foam and crude oil first occurs 
between foam film and crude oil. The effect that crude oil 
on the stability of foam depends on that whether the crude 
oil is dissolution oil or emulsible oil, and whether it has 
been formed stable false emulsion membrane which is as 
shown as Figure 5 [12~13] . 

 

Fig. 5 False Emulsion Membrane, Emulsion Membrane, and the Structure 
in Plateau after Flowing for Three-phase Froth 

Only when there have formed stable false emulsion 
membranes between foam and crude oil, the stability of 
foam will be stronger, or the existence of the crude oil is to 
reduce the stability of foam. So when the foam meets with 
the crude oil, some foam will be more stable, and others 
will be very unstable; when the same foam meets with 
different crude oil, the stability of the foam will be 
different. 

In the process of this experiment, it has been found that 
when the injected CO2 foam system meets the residual oil 
in the core, its stable performance will decrease and 
influence the displacement efficiency of foam. During the 
testing experiment of lower limit of permeability for foam, 
when the foam system has been injected into cores for a 
long time, there will be part of the foam discharges with 
liquid at the fluid end of the core, along with the continuing 
experiment, the foam output will increase until it is stable at 
a certain foam volume; But in the process of foam flooding 

F
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experiment, there are only trace amounts of foam in 
produced liquid until the last stage of the moisture content 
increased. Those turns out that when it is conducted that 
foam flooding after water flooding, once CO2 foam system 
meets the residual oil in the core, its stable performance will 
decrease, which can decrease the recovery efficiency of 
foam flooding.   

E. The analysis of causes 

FP388’s foaming volume is the biggest between the 
three kinds of foam system, and its half-life period is in the 
middle, its aggregative index of foam is the highest, and by 
the PVT experiment, it is found that its critical pressure of 
lower limit is the lowest to form stable foam (as shown as 
Figure 5: it is 13MPa when the temperature is 45 , and is 
28MPa when the temperature is 75 , and is 30MPa when 
the temperature is 100 ), it means that it is the easiest to 
form stable foam at the same condition, this is why its 
displacement efficiency is the best. 

FP246’s foaming volume is in the middle between the 
three kinds of foam system, and its half-life period is the 
lowest, but its overall performance of aggregative index for 
foam is in the middle, and by the PVT experiment, it is 
found that its critical pressure of lower limit (it is 18MPa) 
to form stable foam is higher than FP388’s only when the 
temperature is 45 , its critical pressure of lower limit is the 
same as FP388’s, it means that it is easier to form stable 
foam at the same condition,  so its overall performance of 
displacement efficiency is better. 

FP275’s foaming volume is the lowest between the 
three kinds of foam system, though its half-life period is the 
longest, its overall performance of aggregative index for 
foam is the lowest, and by the PVT experiment, it is found 
that its critical pressure of lower limit is the highest to form 
stable foam (it is 20MPa when the temperature is 45 , and 
is 28MPa when the temperature is 75 , and is 35MPa when 
the temperature is 100 ), it means that it is difficult to form 
stable foam for FP275 system at the same condition, so its 
overall performance of displacement efficiency is the worst 
between the three kinds of system; but because its 
molecular chain is not destroyed under the condition of low 
temperature 45 , and it still has higher displacement 
capacity, so its displacement efficiency is a little better than 
FP246. 

V. CONCLUSIONS 

Three kinds of foam system are tested in this paper, and 
found the displacement efficiency for the foam system 
whose foaming agent is FP388 is the best. This is because 
FP388’s foaming volume is the biggest between the three 
kinds of foam systems, and its half-life period is in the 
middle, its aggregative index of foam is the highest, it 
means that it is the easiest to form stable foam at the same 
condition. 

In the cores of the same level permeability, all those 
three kinds of CO2 foam system can enhance the oil 
recovery ratio above 20%, it means that they have a better 
ability to enhance the recovery ratio, and the effect of the 
foam system whose foaming agent is FP388 is the best. 

This paper has analyzed and testified the type of 
foaming agent, temperature, pressure, the existence of the 
crude oil and other factors that influence the displacement 
efficiency of foam flooding. In the aspect of the type of 
foaming agent and temperature, the foaming agent called 
FP388 is the most stable between the three kinds of 
foaming agent in this paper. In the aspect of pressure, the 
foam stability will increase with the pressure increasing 
until the foam system reaches the stable system. In the 
aspect of crude oil, the effect that crude oil has on the 
stability of foam depends on whether the crude oil is 
dissolution oil or emulsible oil, and whether it has been 
formed a stable false emulsion membrane. 
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