
Effects of Salinity-Induced Chemical Reactions on Biotite Wettability 
Changes under Geologic CO2 Sequestration Conditions

Scientific Achievement
First of its kind study relating salinity-
induced chemical reactions to the wettability 
changes of minerals under GCS conditions.

Significance and Impact
This new understanding enables us to better 
predict the general dissolution trend of 
minerals in shales and its effects on 
wettability alteration, thus benefiting GCS 
and oil and gas recovery.

Research Details
– Biotite was reacted at 95°C and 102 atm of 

CO2 for 70 h in solutions with salinities of 
0, 0.1, 0.5, and 1.0 M NaCl

– Static and dynamic water contact angles on 
reacted biotite basal surfaces were 
measured using a captive drop method.

AFM images of biotite basal planes after reaction for 70 h in 
(A) DI water, (B) 0.1 M NaCl, (C) 0.5 M NaCl, and (D) 1.0 M 
NaCl solutions at 102 atm of CO2 and 95 °C. The height 
scale is 60 nm. Rq is the root-mean-square roughness of 
the corresponding samples. Static CAs measured at 102 
atm of CO2 and 48°C in 0.1 M NaCl brine for the prereacted 
biotite flakes as in the top AFM images. Each data point 
represents the average value of 10 repeated measurements 
of the CO2 droplet on biotite basal surfaces. The error bar 
stands for the standard deviation of the measurements.
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Effects of salinity on biotite wettability

Dynamic CA measurements of biotite samples after reaction for 70 h 
with different salinities (0, 0.1, 0.5, and 1.0 M NaCl) at 102 atm of 
CO2 and 95 oC. The CAs were measured in brine with 0.1 M NaCl, at 
102 atm of CO2 and 48 oC. (A) These images show CO2 advancing 
(brine receding), CO2 receding (brine advancing), and CO2 adhesion 
or nonadhesion on biotite basal surfaces. (B) This table summarizes 
the dynamic CA measurement results.

After reaction at higher salinity, biotite became more 
hydrophilic with lower CO2 adhesion and contact 
angle hysteresis. 

CAH: Contact Angle Hysteresis

Presenter
Presentation Notes
Salinities promote biotite dissolution by enhancing ion-exchange reactions, resulting in larger surface roughness, more negative surface charges, and higher densities of surface hydroxyl groups, which subsequently impact biotite wettability under GCS relevant conditions. This information has important implications for capillary trapping and stratigraphic trapping of CO2 in GCS sites. In subsurface sites, the pores are occupied by brine. After scCO2 is injected, it can enter the pore throats, displacing brine (drainage). When the injection pumps stop, the brine re-enters the pores (imbibition), leaving some CO2 trapped in the pore spaces by capillary forces that is determined by wettability.CAH affects the saturation hysteresis during residual CO2 adhesion, and this information can aid numerical models which include hysteresis in predicting CO2 distribution because drainage and imbibition cycles occur during GCS.
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