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Mineral-Surfactant
Interactions for Minimum
Reagents Precipitation and
Adsorption for Improved Oil
Recovery

DE-FC26-03NT15413

Goal

The overall objective of this project is to
understand the role of mineralogy of reser-
voir rocks in determining interactions of
reservoir minerals and their dissolved
species with externally added reagants
(surfactants/polymers) and their effects on
solid-liquid and liquid-liquid interfacial
properties, such as adsorption, wettability,
and interfacial tension.  A further goal is to
devise schemes to control these interac-
tions in systems relevant to reservoir condi-
tions.  Particular emphasis will be placed
on the type and nature of different minerals
in oil reservoirs.  

Performer

Columbia University 
New York, NY

Results

The study of interactions between typical
reservoir minerals (quartz, alumina, calcite,
dolomite, kaolinite, gypsum, pyrite, etc.)
and surfactants/polymers has increased the
understanding of rock-fluid interactions in
oil reservoirs.  Predictive models have been
developed that included minerals, surfac-
tants/polymers, and reservoir conditions
such as temperature and salinity.  A guide-
line for the use of surfactants/polymers in
enhanced oil recovery (EOR) is being
developed from these models.  

Benefits

This research will improve understanding
of rock-fluid interactions that will help to
identify reagants and operating conditions
that are optimal for improved oil recovery
using surfactants and polymers.  

Background

Chemical EOR can be an effective method
for increasing oil recovery and reducing the
amount of produced water; however, reser-
voir fluids are chemically complex and may
react adversely to the polymers and surfac-
tants injected into the reservoir.  While the
goal is to alter rock wettability and interfa-
cial tension between oil and water, rock-
fluid and fluid-fluid interactions must be

charge—have been completed.  Solution
behavior tests—surface tension, interac-
tion, ultrafiltration, and other tests—have
been completed.  Surfactant-mineral inter-
actions relative to adsorption, wettability,
and electrophoresis have been tested and
completed.  Work continues on adsorption
of surfactant/polymer mixtures.
Work on the effects of multivalent ions on
adsorption is approximately 50 percent
complete.  Investigation of variables lead-
ing to precipitation reduction—pH, temp,
salinity, mixing ratio—is partially complet-
ed, as are potential optimal formulations.
Modeling of the mechanisms of adsorption,
precipitation, and surfactant/polymer/min-
eral interactions is about 80 percent com-
plete.  A guidebook for surfactant/polymer
formulations is still to be developed.  

Current Status (January 2007)

Progress has been behind schedule, and as
a result, the project performer University
requested a no-cost extension to
September 2007 to complete the contract
work.  Researchers have outlined a plan to
complete the tasks and brought on appro-
priate student resources to complete the
experimental and modeling portions of the
work.  

Funding
This project was selected in response to
DOE solicitation DE- PS26-01NT41613.

understood to maximize recovery and
reduce costly mistakes.  

Summary

The scope of work for this project includes:
• Study of the interactions among typical
reservoir minerals (quartz, alumina, calcite,
dolomite, kaolinite, gypsum, pyrite, etc.)
and surfactants/polymers in terms of
adsorption properties that include both
macroscopic (adsorption density, wettabili-
ty) and microscopic (orientation/conforma-
tion of the adsorbed layers), as well as pre-
cipitation/abstraction characteristics. 
• Investigation of the role of dissolved
species, especially multivalent ions, on
interactions between reservoir minerals and
surfactants/polymers leading to surfactant
precipitation or activated adsorption.
Presence of multivalent ions such as calci-
um, magnesium, and iron from minerals
such as limestone, gypsum, and pyrite can
cause catastrophic loss of reagants. 
• Exploration of these interactions under
simulated oil reservoir conditions.
Adsorption/precipitation of surfactants
under relevant conditions such as tempera-
ture, salinity, and presence of oil or emul-
sion are studied. 
• Development of predictive models that
include minerals, surfactants/polymers, and
reservoir conditions such as temperature
and salinity.  A guideline for the use of sur-
factants/polymers in enhanced oil recovery
is to be developed. 

Mineral characterizations—SEM, BET,
size, surface charge, and point zero

Analytical ultracentrifuge for identifying polymer/surfactant complexes by
synchronous monitoring of their sedimentation during centrifugation.  
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Anticipated DOE Contribution: $799,605
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Contact Information

NETL – Betty Felber (betty.felber@netl.doe.gov or 918-699-2031) 
Columbia U. – P. Somasundaran (ps24@columbia.edu or 212-854-2926)
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