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Acid treated pure quartz sandpack with CO2 or N2 flooding, 30 °C  

Background

The permeability of quartz sandpack with CO2 flooding is increased
One of the reasons could be the change of the hydrophilicity of the sandpacks

How and why?



Two groups on the surface of silica after hydration

Property of silica surface with water
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Variation of water pH and contact angle with time , 20  °C



Property of silica surface with dehydration
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Variation of the fraction of silicanol group and water contact 
angle on the surface of silica with temperature.
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1.450Positively  charged (≡SiOH2
+)

1.699Negatively charged (≡Si-O-)

1.845Neutrally charged (≡Si-OH)

Hydrogen bond between water and silicanol groups (Ǻ)Silicanol groups
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1.450Å

1.863Å

0.974Å

0.981Å
Hydrogen bond between 
water and positively 
charged silicanol group

Hydrogen bond between water molecules is 1.97 Ǻ.



pH Mutual transform of 
silicanol groups

Hydrophilicity

Zeta potential

Permeability

Contact angle Zeta potentialPermeability of natural rock
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H+ 与 CI- 的作用

Effect of pH or H+ on hydrophilicity of silica
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pH and contact angle of water on quartz surface

Pressure:20 MPaTemperature at 35℃Temperature at 25℃
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Effect of CO2 on pH and the hydrophilicity of quartz surface

0 10 20 30 40
20

25

30

35

40

45

 

PCO2/MPa
/
°

(≡SiOH2
+)

(≡Si-O-)

(≡Si-OH)



Equilibrium time of contact angle 
measurement with pH 

Zeta potential 
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Competitive adsorption between  H+ and water molecule

Competitive adsorption between  H+ and water molecule on the surface of quartz 

caused by Coulombic forces
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Due to the Coulombic force between the silicanol groups on the 
quatz surface and water molecules is decreased, the hydrophilicity
of quatz surface is deceased, therefore, the permeability of 
quartzite sandpack with CO2 flooding is increased.

Conclusion



Thanks for your attention


