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My stack of chemical 
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-NH+ ↔ -N + H+
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-COOH + Ca+2 ↔ -COOCa+ + H+

Clay Edges 
>Al-O-H2

+ ↔ >Al-O-H + H+

>Al-O-H ↔ >Al-O- + H+

Quartz
>Si-O-H ↔ >Si-O- + H+

Clay Basal Planes
Na + H+ ↔ >H + Na+

>Na + -NH+ ↔ >-NH + Na+

>Na + -COOCa+ ↔ >-COOCa + Na+  

2>Na + Ca+2 ↔ >Ca + 2Na+

Increase AN/BN



How to Model Oil-Rock Adhesion?

• Disjoining pressure
• Zeta potentials
• Bond product sum

1.9

0.4

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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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.
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Bond Products and 
imbibition 
measurements
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From: Eftekhari, A. A., H. Baghooee, M. la Cour Christensen, 
K. Thomsen, H. M. Nick, and E. Stenby. "Uncertainties in the 
Mechanistic Models of the Modified Brine Water-flooding of 
Chalk." In IOR 2017-19th European Symposium on Improved 
Oil Recovery. 2017.



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.



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.

Bond Products and Core 
floods



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) “It is important 
to emphasize that 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 tell only 
a small part of the 

story
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From: Aghaeifar, Zahra, Skule Strand, Tor Austad, Tina Puntervold, Hakan Aksulu, Kine Navratil, Silje Storås, and Dagny
Håmsø. "Influence of Formation Water Salinity/Composition on the Low-Salinity Enhanced Oil Recovery Effect in High-
Temperature Sandstone Reservoirs." Energy & Fuels 29, no. 8 (2015): 4747-4754.

Effect of pH on the adsorption/desorption of quinoline onto 
illite clay at ambient temperature in brines with different 
salinities/ion compositions.

Quinoline adsorption 
on illite clay



Oil Adsorption on Illite

Source: C.R. Bryan, Sandia Labs

Oil from West Pearl Queen Field, Hobbs, New Mexico

TBN/TAN ~ 1.3

Both Oil and Illite have 
negative zeta potentials, 
but there is still sorption.

Decreased ionic strength 
thickens the double layer, 
but increases oil sorption.

Something besides 
classical DLVO is 
controlling wettability. 



Oil Adhesion to Tight 
Formations (Illite)

Brady et al. (2016) J. 
Unconventional Oil and Gas 
Resources

middle Bakken

25oC

BN/AN = 10
100oC



Oil-Limestone Adhesion
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From: Brady, Patrick Vane, 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: Mahani, Hassan, Arsene Levy Keya, Steffen Berg, and Ramez
Nasralla. "Electrokinetics of carbonate/brine interface in low-salinity 
waterflooding: Effect of brine salinity, composition, rock type, and pH on 
ζ-potential and a surface-complexation model." SPE Journal (2016).
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complexation clues to dolomite growth." 
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no. 4 (1996): 727-731.

Brady, Patrick V., Hans W. Papenguth, 
and John W. Kelly. "Metal sorption to 
dolomite surfaces." Applied 
Geochemistry 14, no. 5 (1999): 569-579.



Decreasing 
salinity increases 
pH which 
(usually) 
decreases the 
bond product, 
which usually 
makes more 
water wet, which 
usually means 
more oil.

Illite

Kaolinite



From: Farajzadeh, Rouhi, Hua Guo, Julia van Winden, and J. Bruining. 
"Cation exchange in the presence of oil in porous media." ACS Earth and 
Space Chemistry (2017).

Schmatz, Joyce, Janos L. 
Urai, Steffen Berg, and 
Holger Ott. "Nanoscale 
imaging of pore-scale 
fluid-fluid-solid 
contacts in sandstone." 
Geophysical Research 
Letters 42, no. 7 (2015): 
2189-2195.



Sandstone + Kaolinite + Calcite Cement at 60oC


