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Background and Motivation
• Enhanced Oil Recovery (EOR): techniques to
increase the amount of crude oil extracted from an oil
field.

Effect of KCl on Viscosity
• Dramatic reduction in viscosity can be observed at all
shear rates after the addition of a small amount of KCl
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From: R. Al-Mjeni, et. al., “Has the Time Come for EOR?,” Oilf. Rev., vol. 6, no. 6, pp. 16–35, 2010.

• Only 20% to 40% of crude oil can be extracted via
primary and secondary recovery. While EOR can
increase the amount to 40% to 60% or even more
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• The shielding caused by K+ cations
inhibits the repulsive interaction
between negative charges

• Polymer flooding, one kind of chemical EOR,
increases viscosity of injected water by adding
polymers.

Effects of Concentration of KCl

Materials

• Viscosity changes over time until it reaches an equilibrium value
• Increasing concentration of salt decreases viscosity of the solution
• Behavior changes from shear thinning to Newtonian at high shear
rates for solutions above a certain salinity.

• Polymer: partially hydrolyzed polyacrylamide
(HPAM)
• Details of polymers:
• SNF FLOPAAM 3330 s
• High molecular weight ~ 8 million g/mol
• Percent hydrolysis = m / n ~ 25-30%
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• Salt: Potassium Chloride (KCl)
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Rheology Test
• Anton Paar MCR 702 was used for
rational shear tests on polymer solutions
Bob
• Double gap (DG26.7) fixture was
applied
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• Shear stress was measured with
controled strain and shear rate

• At a concentration of KCl above a specific value, called the ‘critical salinity’, the
viscosity of solution will be changed only slightly or not at all by increasing the
KCl concentration.
• The critical salinity was observed at the region between the KCl concentation of
0.24M and 0.4M .
• At the critical salinity, all of the negative charges from carboxyl groups are fully
shielded so additional cations (K+) do not further shield the negative charges
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Conclusion

Typical Viscosity Curve
• A viscosity shear rate curve for 0.15wt%
HPAM water solution

• As a kind of shear thinning fluid,
HPAM solutions have less physical
entanglements with increasing shear
rate
• Some common examples of shear
thinning fluids in daily life include:
ketchup, yongurt, blood, etc

Existense of Potassium cations in the polymer
solutions lowers the viscosity of the fluid.
Increasing concentration of salt leads to reducing
in viscosity of the solution, while above a
specific concentration, the effect of increasing
concentration becomes negligible

Future Work
• Solutions in semidilute regime exhibit a
phenomenon called shear thinning, which refers to
decreasing viscosity with an increasing shear rate.

Increasing shear rate

• Conduct similar tests on divalent salts, like MgCl2
to examine the effect of ionic strength in the
solution.
• Synthesis of model polymers: control molecular
weight and % hydrolysis

