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-COOH + Ca+2 ↔ -COOCa+ + H+

Clay Edges 
>Al-O-H2

+ ↔ >Al-O-H + H+

>Al-O-H ↔ >Al-O- + H+
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>Si-O-H ↔ >Si-O- + H+

Clay Basal Planes
>Na + -NH+ ↔ >-NH + Na+  

>Na + -COOCa+ ↔ >-COOCa + Na+  

Increase AN/BN



Oil
Water

From: Brady, Patrick V., and James L. Krumhansl. "A surface complexation model of oil–brine–sandstone interfaces at 100° C: Low salinity 
waterflooding." Journal of Petroleum Science and Engineering 81 (2012): 171-176.



How to Model Oil-Rock Adhesion?

• Disjoining pressure
• Zeta potentials
• Bond product sum

Example: Oil-NH+ to 
Kaolinite >AlO-, pH 7, 0.1M NaCl, 
100oC.

Bond product = [-NH+][>AlO-] = 
0.4*1.9 = 0.76 (mol/M2)2



Kaolinite-Oil Adhesion
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From: Erzuah, S., I. Fjelde, and A. V. Omekeh. "Wettability Estimation 
by Surface Complexation Simulations." In 79th EAGE Conference and 
Exhibition 2017-SPE EUROPEC. 2017.



Decreasing 
salinity increases 
pH which usually 
decreases the 
bond product, 
which usually 
makes things 
more water wet.Illite

Kaolinite

>Na + H+ ↔ >H + Na+



Brady et al. (2016) J. 
Unconventional Oil and Gas 
Resources
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From: Brady, Patrick V., James L. Krumhansl, and Paul E. Mariner. 
"Surface complexation modeling for improved oil recovery." In SPE 
Improved Oil Recovery Symposium. Society of Petroleum Engineers, 
2012.



From: Qiao, Changhe, Li Li, Russell T. Johns, and 
Jinchao Xu. "A mechanistic model for wettability 
alteration by chemically tuned waterflooding in 
carbonate reservoirs." SPE Journal 20, no. 04 
(2015): 767-783.

Brady, Patrick V., and Geoffrey Thyne. "Functional wettability 
in carbonate reservoirs." Energy & Fuels 30, no. 11 (2016): 
9217-9225.
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Better drugs; More oil.
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Potential obstacles

More Oil
Solubility w.r.t Ca/Mg
N-Carboxylate binding strength

Better Drugs
Speciation in blood plasma,
Linking with proteins,
Toxicity
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Oil surface titrations,

Water wet conditions,

Primary recovery,

Medicine.
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Backup Stuff
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Oil Surface Chemistry Peculiarities

1.Smudged pKa’s,
2.Self-association of acids and bases,
3.Other surface groups,
4.“Hairiness”.
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After Somasundaran et al., 1993 "Role of reconformation of hairs in anomalous deposition of zwitterionic
latex particles." Colloids and Surfaces A: Physicochemical and Engineering Aspects 142, no. 1: 83-89.
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Hairy DLVO

Drummond and Israelachivilli (2004) “… the results 
obtained with this crude oil cannot be explained in 
terms of the DLVO theory alone, and it is necessary 
to invoke polymer-like steric and bridging 
interactions, to quantitatively describe the 
measured force profiles”

From Somasundaran et al. 1998, Role of 
reconformation of hairs in anomalous deposition 
of zwitterionic latex particles. Colloids and 
Surfaces.

Zeta Potentials are a 
start …
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T =  100oC
5 < pH < 8
0.05M NaCl – 2M NaCl
[SW/10 – SW*2]

Initial Wettability and Primary Recovery

Oil Adhesion to the World’s Reservoirs



Garrett Gilbert, UT Quarterback in the 
2010 BCS Championship Game

Gale Gilbert, Garrett’s Dad, 
Cal Quarterback in the Cal-
Stanford Big Game in 1982 

Me

In the 1982 Cal-
Stanford Big Game 
with John Elway, all 
the laterals and the 
trumpet player in 
the end zone.


