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Benefit to the Carbon Storage Program

A Program goals being addressed:

I To attempt to answer whether CO, sequestered in unmineable
coal seams would retain 99% of injected CO, gas under
external and internal perturbations

A Project benefits statement:

A How the interactions between coals and CO, affect the strength
and stability of coals, especially under high CO, pressure (<
27.6 MPa or 4000 psi)

A Whether CO,-saturated coals indicate any significant leakage of
CO,

A How shock pressure waves may affect the interactions between
adsorbed and/or absorbed CO, in coals
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Presentation:

Aviechanical properties: Do we need to be concerned about
only fractures, cleats, defects, etc. C coal is very
inhomogenous C what about coal 6s c¢hi
controlling the mechanical behavior?

Mre there any glass-transition(s) in coal and can they be a
source of reservoir instability?

Aow pressurizationwithCO,af f ect s coaC ars ¢
there any potential concerns?

ACoal grabs CO.,, diffuses, swells, etc. C How fast CO, is re-
emitted?
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Mechanical Properties (lllinois coal): Flexural Mod
I\

Coal strips cut with a high precision diamond rotatory saw C
strips generated from a single core

Strips examined under optical
microscope C if visible cleats and
fracture(s) observed C samples
rejected C only visible defect -free
samples subjected to mechanical
properties analyses




Mechanical Behavior of Murphysboro

seam coal under N2 (T = 25°C)
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FTIR results on the coal strips
which underwent mechanical testing
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Glass Transition Issue

Larsen (2004) suggested coal undergoes glass-to-rubber transition C most of
the experimental evidence presented is based on differential scanning
calorimetry measurements (DSC) C not particularly a sensitive technique for
ascertaining glass transitions because the involved discontinuities in the
specific heat capacity (C,) are not large

Hall and his group (1996, 2006) from DSC experiments:

(i) argued that North Dakota, Wyodak, lllinois #6, and Pittsburgh #8 coals
undergo glass transition at 100°C < T < 130°C (under N, environment) C
these coals were not pressurized with CO,

(i) presented data that showed when Wyodak coal was pressurized with 3
MPa (435 psi) CO, C glass transition shifted from 121°C to 81°C

Pakom Opaprakasit and Paul Painter (2003) of Penn State reported that they
failed to reproduce the glass transition near 100°C in coal as suggested by
Hall (sample not pressurized with CO,)
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Could glass-transition in coal {as suggested by previous researchers}

pose reservoir stability issues?
Our guestion: do bituminous coals even have a transition?

DYNAMIC MECHANICAL ANALYZER (DMA)

Applied Force
Dynamic mechanical analysis (DMA) involves

the measurement of the response of a material
to a sinusoidally oscillating stress.

DMA 7 DMA 8000
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DMA 100 times more sensitive technique than DSC for glass transitions
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DMA OUTCOMES
Do Illinois bituminous coals have a glass-transition?
Let us compare standard polymer with Illinois Murphysboro bituminous coal

Standard PMMA polymer lllinois bituminous coal
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In-Situ Temperature Dependent Diffuse Reflectance-FTIR Measurements:
Murphysboro Seam Coal (N, purge)
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Effects of high pressure CO, on lllinois bituminous coal
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Houchin Creek Coal
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This figure shows how high pressure CO, affected the tan d
> curves of Houchin Creek coal. The peak in the graph
DMA 8000

indicates the presence of a thermal event.



