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Abstract
Foams show poor stability in enhanced oil recovery applications and stimulation processes in oil-well operations of oil fields. 
This paper presents a laboratory study to investigate the effect of Newtonian and non-Newtonian viscosity enhancement 
materials on improving the stability of foams at bulk conditions. For this goal, glycerol and hydrolyzed polyacrylamide 
(HPAM) were utilized to enhance the viscosity of foaming agents, which were composed of α-olefin sulfonate surfactant 
and salinity. To this end, a comparative study of the foam stability in surfactant solution containing different percentages of 
glycerol, HPAM polymer and a mixture of polymer with glycerol was undertaken. In a foam stability analysis, which was 
examined in the absence of an oleic phase, several characteristics such as foam volume evolution, foam half-decay time and 
a liquid fraction of foam were measured over a wide range of concentrations. Evaluating the conductivity and volume of 
injected gas during foam generation and foam decay provided the foam capacity and the maximum density parameters to 
characterize the foamability and stability of the generated foam in more detail. The results of bulk foam experiments indicated 
that polymer and glycerol could either increase or reduce the foamability, but both materials substantially increased foam 
stability within a certain range of concentrations. This could be explained by increasing the viscosity of the liquid phase of 
foam in the lamellae that attributed to decreased velocity of liquid drainage from the foam structure. Two regimes of foam 
drainage and coalescence demonstrated a different behavior for the same viscosity of solutions containing either glycerol or 
HPAM polymer. The solutions containing glycerol exhibited a small but sharp decay right after stopping the sparging gas, 
while for high polymer concentrations this did not happen.
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Introduction

Gas injection is one of the most applied techniques in 
enhanced oil recovery (EOR); however, challenges associ-
ated with gas injection EOR are the unfavorable mobility 
ratio due to low viscosity of the gas that induces viscous 
fingering or gas channelling and causes gravity segregation 

due to low density of the gas, which all result in poor mac-
roscopic sweep efficiency of oil reservoirs [1, 2]. Foam can 
be utilized to mitigate the challenges associated with gas 
injection and to improve sweep efficiency. Foam reduces the 
mobility and relative permeability of the gas phase by trap-
ping large fractions of the gas and by increasing the viscosity 
of the gas [3–5]. In addition, stronger foam can be formed 
in higher permeability zones of reservoirs that leads to the 
diversion of the flow from high to low permeability zones, 
and hence mitigation of the effects of reservoir heterogene-
ity. Thus, foam flooding is an EOR method that improves the 
volumetric sweep efficiency by reducing viscous instability, 
gas gravity override and lowering the mobility ratio between 
the displacing and displaced phases [6–8].

A foam can be described as a two-phase system, with a 
structure of gas cells surrounded by liquid [9]. More pre-
cisely, foam consists of a liquid continuous phase in which 

 * Seyed Mojtaba Hosseini-Nasab
hosseininasab100@gmail.com

1 Department of Petroleum Engineering, Amirkabir University 
of Technology, Tehran, Iran

2 Chemical Development Department, Flour Company, 
Amsterdam, The Netherlands

3 Department of Geoscience and Engineering, Delft University 
of Technology, Delft, The Netherlands

https://link.springer.com/article/10.1007/s13726-019-00698-3

http://orcid.org/0000-0001-5429-1796
http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-019-00698-3&domain=pdf

