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Introduction Kerogen

* Insoluble organic matter found in sedimentary rocks (geochemistry)

* Cracks into petroleum products (kerogen maturation, petroleum generation)
Van Krevelen diagram

Organic Geochemistry 38, 719-833 (2007)
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 Hosts pore space responsible for petroleum storage and transport 2




,| Overmature Kerogen
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Formation of condensed kerogen

9 snapshots

300K and 100atm
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Characterization
Pore size distribution
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Methane diffusion in kerogen

(Ho, et. al., Scientific Reports 6, 28053)
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Outline:
1. CH,/CO, adsorption onto kerogen
2. Kerogen swelling

3. Wettability and wettability alteration

4. Fluid transport




Differential retention and release of CO, and LUf
CH a in kerogen NANOPOreS (Ho, et al., Fuel 220, 1-7, 2018)

Implications for gas enhanced recovery and carbon sequestration

Pure gas adsorption
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Differential retention and release of CO, and LUf
CH a in kerogen NANOPOreS (Ho, et al., Fuel 220, 1-7, 2018)

Implications for gas enhanced recovery and carbon sequestration

1:1 binary gas adsorption Kerogen preferentially
retains CO, over CH,
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Kerogen swelling

Rubber swelling in oil e g e
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Will kerogen swell
upon gas adsorption?

Bitumen-extracted shale
swollen kerogen with collapsed kerogen 1




Chemo-mechanical coupling in kerogen gas ) i
adso rption (PCCP 20, 11390, 2018)
Experimental setup Simulation: Hybrid MD/MC

(J. Unconv. Oil Gas Resour., 2014)

Gas Reservoir P2
Gas Reservoir P2 !

1
P1=P2 .- 77 GCMC

P1-P2=2MPa

Confining pressure :
P1 - MD/NPT

V-1
Vo

V: kerogen volume after gas adsorption
V,: kerogen volume before gas adsorption

Volumetric strain =

12




Chemo-mechanical coupling in kerogen gas

adso rption (PCCP 20, 11390, 2018)
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Upon shale gas extraction kerogen shrinks

R2=0.9891
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Kerogen swelling with 8aS (pccr 20, 11390, 2018)

Effects of kerogen swelling on porosity
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Wettability alteration ) e,
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laboratories

. T, D STET e,
.

% o

Hydrophilic to hydrophobic transition

17




Wettability alteration ) i

laboratories

——r - i

50 atm CH, -

ol ., .
\l'qif'-'l b ';\

o) 'f.‘{':ﬁ 50 atm CO2 re v

I b " »..‘ i~ ™
225 AL aqﬁ(ﬁ* AT A ~\1‘j§‘1“_ S :;:axt_._-m e
LS AT ¥ L A " g :
"\:‘l\j "lﬂ ‘r ' "f “ L2 1 ‘\ --T - T -!- - F ot 2 J(\;t#‘?{
" PN e 1T S P S R

. I:

L& l..iq..d' T O =

Ho, et. al. ACS Applied Materials & Interfaces (2021)

18




Wettability alteration =)

National
Laboratories

1. Contact angle increases with increasing gas pressure on
kerogen and pyrophyllite surfaces
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2. Contact angle remains constant with increasing gas
pressure on gibbsite and montmorillonite
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3. Contact angle decreases with increasing gas pressure on calcite
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Wettability alteration

I
€ES

. . . . Natio
1. Contact angle increases with increasing gas pressure on kerogen and pyrophyll
2. Contact angle remains constant with increasing gas pressure on gibbsite and MMT
3. Contact angle decreases with increasing gas pressure on cailcite
 How good are the simulation data, compared with experimental data?
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Kerogen wettability and fluid flow =
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Hydrophilic to hydrophobic transition = Stick to slip flow transition
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Kerogen wettability and fluid flow )
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1. CH,/CO, adsorption onto kerogen 3. Wettability alteration

(Fue| 2018 & Sci. Rep. 2016) ACS Applied Materis & Interfaces (2021)
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4. Fluid flow

2. Kerogen swelling (Nanoscale 2018, J Nat Gas Sci Eng 2020, PCCP 2019)
(PCCP 2018) _.
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