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= Adsorption of CO, and hydrocarbon gases is a key mechanism in geological CO, storage that leads to enhanced production of oil/gas.

= Clay minerals are major components of cap rocks and reservoir formations, such as sandstones, mudstones, and shales.

= Experimental sorption of CO, and CH, on illite-smectite clay minerals — smectite (SWy-2), I-S mixed (

(up to 30 MPa) are presented at multiple temperatures (25 to 115°C).

= The LDFT theory models adsorption based on fluid and adsorbent properties.

Introduction and Background

Modelling Adsorption: Lattice DFT for Slit Pores
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Adsorption in clay nanopores contributes to: N123 I\
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1. Liquid-like dense phase leading to increased gas storage capacity § § , L
. . N\ \\  Thermodynamic Equilibrium:
2. Enhanced sealing efficiency § §
3. Determines the amount of Gas-In-Place (GIP) approx. 20-85 %!1] § § v v
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Why clay minerals?

e Approximately 30 % of all sedimentary rocks!3!

* Found in shales and oil sands up to 90 %'*
 Determines physical characteristics of

subsurface formations

 Characterized by micro- and mesoporosity

Results
Experimental methods

 Clay mineral porosities are characterized through low-pressure adsorption isotherms of
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multiple gases under cryogenic temperatures (Quantachrome Autosorb iQ)

* High-pressure sorption isotherms are measured using a magnetic suspension balance

(Rubotherm IsoSORP HP Il) that also measures the bulk densities in situ

N,, Ar, and CO, sorption isotherms
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Total pore volume (< 0.110 cm3/g): smectite > I-S > illite
Surface area positively correlated to pore volume
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Dominated by mesoporosity (= 50-60 %)

Contain microporosity (= 10 %): smectite > illite > I-S

CO, and CH, high-pressure sorption isotherms
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rofiles in slit pores (CO, at 50 °C) *
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Uptake of supercritical CO, and CH, on illite-smectite clay minerals S
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SCz-1), and illite (IMt-2) — measured using a gravimetric balance

Statistical thermodynamics framework that involves discretised pores!®]

(C1 ma x )_ b( Cr ma X b)]

Pore-size dependent adsorption
mechanisms are shown by the model

Occupancy profiles - density profiles
 Multiple pores of different sizes

* Important for naturally occurring
geosorbents with broad porosities
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HP sorption
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CO, and CH, in Clay Nanopores

* P COrresponds to complete filling of the lattice at saturation
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F|Uid max Smectite I-S mix Illite
[mol/L] [mol/L [mol/L] [mol/L] [mol/L]

CC)2 25.72 25.53 22.09 20.52 21.35

CH4 26.45 17.42 15.26 15.26 15.09

Adsorbed phase densities estimated from first two layers at 150 bar and 60 °C

CO, at 273 K

mecti .
Smectite llite

* P agrees well with the liquid densities of CO, and CHy,:
26.78 mol/L (CO, t.p.) and 26.33 mol/L (CH, b.p.)

* However, the adsorbed phase densities differ from liquid
densities - agree well with GCMC results
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Figure 1. Adsorption (closed symbols) and desorption (open symbols) isotherms of N, (77 K), Ar (87 K), and CO, (273 K) 2 4 C,,: approaches unity near
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Figure 2. Supercritical adsorption (closed symbols) and desorption (open symbols) of CO, and CH, on smectite, I-S
mixed, and illite up to 30 MPa at 25, 50, 80, and 115 °C. The solid lines are the LDFT model fits.

Uptake capacity: smectite = I-S mixed >> lllite

lllite shows significant hysteresis loops under supercritical conditions for both CO, and CH,

* Interlayer trapping? — Independent study showed scCO, trapping within illite layers!”!
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Figure 4. Lattice occupancy profiles at different densities for pores of varying sizes

Concluding Remarks

* The textural properties of three illite-smectite clay minerals
were thoroughly characterized using N,, Ar, and CO,,

* Sorption of CO, and CH, on the three clays were measured
under subsurface conditions, and described using the LDFT

model
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