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Sorption testing of coals from the Bowen Ba-
sin has been performed using a high pressure
microbalance. The gravimetric metbod is ap-
plied, enabling adsorption isotherms to be
determined at different coal moisture states.
The apparatus is ideal for testing of side-wall
material, drill cuttings or maceral concen-
trates, as well as core material.

No single coal parameter can be used to ac-
curately predict the sorption capacity of the
Bowen Bash coals tested. A general positi\€
correlation with coal rank and a negatire cor-
relation with ash content is observed. Bright
coals have a higher sorption capacity than
dull coals of equiralent rank (up to 30 %),
rel.ated to their greater degree of micropo-
rosity.

At 4 MPa gas pressure and 23.5"C the sorp-
tion capacity of the dried coals tested ranged
tuom 2U29 scc/g (daf) of methane. Methane
sorption capacity decreases witb increasing
moisture content and the relationship with
the Langnuir Volume of VwA/a = 1/(1.02 +
Am) applies, where A = 0.35.

INTRODUCTION

Major research on methane gas production
from coal seams to date has been conducted
in the United Slates, with limited inwstiga-
tions in Australia being related to shallower
coals for mine safetypurposes. Methane pro-
duction from coal searns faces seraral tech-
nology gaps" wbich require research and
fresh ideas, particularly for de.aeloping new
basins, deeper coals, and geologically com-
plex settings (Scbrauftagel et al., 1990). The
Bowen Basin of Queensland poses a major
challenge in tbis contet.

Sbarer (1992) states that besides gas content
and permeability effects, two other charac-
teristics are critical in understanding the na-
ture of fluid flow through coal. These are the

adsorptior/desorption isotherm which dehnes
the relationship between pressure and sorp-
tion capacity of tbe coal, and the diffusion
parameters (ditrrsivity) of the coal, which
control the gas flow rate through tbe main
coal matrix. Sorption testing of coal is rhere-
fore a major component of coalbed methane
assessment. Maror er al (1990) provide a re-
view of sorption testing procedures applied
in the US.

The uansport of methane through coal is
generally considered a two-stage process:

. diffusion of metlane through the pore
structure of the coal to naturally occur-
ring cractq followed by

. the simulrqneous flow of water and gas
through the crack structure.

Smith and Williems (1984), conducted nu-
merous tests on American coals, looking at
the rate effects and assessing the current ac-
cepted pbpical models. They pointed our in-
rcstigators studying the relatira magnitudes
of the aborre two steps" including Kissell
QnD and Kuuskraz et aL (1979), ignored
the coupling of the diffusional and laminar
flow processes. This same finding has been
emphasised by the work of Beamish er c/.
(191), particularly in the case of dul and
bright coal behaviour, which will be ad-
dressed by a further paper by Gamson and
Beamish in these proceedings. The work on
coal microstructure at the CGRI adds a fur-
ther dimension to the complexities of gas
flow behaviour throug.h coal, whereby rhe
macropore s'6tem is seen as more than just a
cleat network.

Previous studies on g:ur sorption capacities
harc revealed that the methane is primarily
stored as an adsorbed layer on tbe internal
surfacs of tle coal pores (Curl, 1978). The
anount of gas stored is pressure, tempera-
ture and moisture content dependent (Patch-
ing, 1970). Kitrr (1977) reported that the
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sorption capaclty of coal generally increases Option l: Custor.n build a s)stem al.ong tiewith ranlr and depth' Limited dala reportec tin'es or paines (196g) or Lama and Barto-to date sa {gsu'qlian coals (Bartosiewicz and siewicz tfgS2l.Hargrarcg l98j) ha.ve not been able to sub-
srqntiate a raak dependence of sorption ca- Option 2: Purchase a ready made unit from apacity' Coal type effects on sorptiorcapacity reputable manufacturet *ii.u is capable ofha'rc shown conflicting results "i inAi.utra Uy accurate and efficient adsorption/desorptiou
Ettinger et aL (196e. 

-J 
testing.

Recently, a new approach, to gas sorption Constructing equipment in-house as per op-studies has been "l*fJgd by Levine tigqrl tion 
.1. 

was considered time consuming andand Beemish et aL (r99r). Tne rpp"rutu, requiring a major debugging period. The ac-
lt"d-'- -io work performed independently in curacy of data -"asure-"ni is reasonable
the US 4nfl {u3u'elia, is a high pru.urr'gli- (with multiple sampling), but manually time
i"-!dg*' The gravimetric mettrod (Daines, intensive. Recent dirclopments to compurer-
1968; Lema and Bartosiewicz, t982j is ap- ise- results bave been *"or uy Siahaan er az.
*:d l9 coal samples down to mittigram size. (1989) using a high precision buLr,.r, bur the
This allows detailed comparison or-coat type manual.component;f disconnecting and re-
sorption behaviour. Core sanpl., ur, 

'no 
connecting vessels to the slstem sdll remains.

liltniffi ;:i::hf:rT,:ff;,ll'^f IT o ff-the-sher equipment exisred, namery sar-
d.rill cuttings or maceral concenrrates. 

rial' 
:":i!-t ltgh pressure microbalances, which
fulfiIled the requirements of option 2. These

As part of an ERDC funded project, samples 3e. - fuuy self-contained units capable offrom tbe Boc€n Basin harre u.ro ,.rt.J fo-rl highly accurate me:uiurements oi weig.bt
the microbalance sorprion technique. cbanges in semples associated with adsorp-

tion/desorption under a wide range of pres_
sure and temperature conditions. Tbe unit is

I-ABORATORYSORTIIIONTESTING amenable to automated measuremenr and
provides possibilities of future flexibility. ThisEqulpment for Adsorptlon/Desorption Tests equipment bad previously been used Ln Aus-on CoaI tratii by

There are two main methods to consider ia (i) cslRo, Division of coal x1d Fne.,.,
Tlt:Fg the equipment for adsorp- Technology for adsorption testing .;T:i]tion/desoqption testing of coal samples. These lared carbon.
are Volumetric (Ruppel et al., 1972) ana
Gravimetric (Daincs, 196g; Lama -d;;;;: (ii) Gritrt"bs unirersity, Department of sci-
siewicz, 1982). other factors to be considerld t::t 

.*d rechnology for adsorption testing
i[o, the purpos€ of testing, sample size frac_ ot hydrogen in hydrides.
tion and quantity0o be used' Thi majorityof consuliation with botb these institutions indi-testing for gas storage capacity uses tine coa cared that . i"rtoriou, M 25D-p microbat-size ( < 250 tt-)' Bulk quantities are often ance would produce the results to sarisfy theused (80 - 150 d), which normally provides requiremens of rhe research work at .GRI.broad relationships between parameters. To
obrqin a closer understanding of tle coat type Equipment Operatlon
and microstructurc influence there is a neea The microbelqnce arr.ngement is ilustratedto usc pieces of coal wbich can be used for in rigurel-.8,1-. was introduced to thesorption testing and sM work' Approximate .o.r l"rpirr'J, urpp.d pressures \arylngI g solid srmples are ideal ror tnis purpose. from 0.5 trap" to I Mpa up to a maximum ofAfter reviewing the techniques being applied 7 MPa, and tbe sorption capacity measured
o\€rseas and previously used in Australia-, the at each step. Two particle sire r"nge, *rr"gravimetric- technique was selected with two used, crushed (-272microns) and soltiJ fs-tooptions to be considered to meet CGRI's re- urml, with approximately I g of t*rpir u.ing
search objectires. used in each case. A nxeJ tempeiature of

23.5 oC was used for all trrt, und the mois_
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ture coDtent of each test run was coutrolled
by encuation. The crushed samples were
dried and the solid samples were partiaily
dried.

Due to the volume di-fferences on either side
sf ths lelence point of the beam, one side of
the unit wiil be more buoyant than the other
and a correction is therefore required for this
effect. This has been determined by calculat-
ing the volume difference between the two
sideg and con"erting this volume difference
to a weigbt factor which is pressure depend-
ent.

Pardcle Slze Ellects on Storage Capactty

Reducing coal particle size to speed up rhe
sorption process has often been confused as
a possible soruce of falsely increasing storage
capacity. Experimental resulrs by Ruppel er
aL Qn$ and Bielicki et aL (7912) have
sbown that storage capacities of coals tested
at particle sizes ranging ftom 3.36 mm - 44

differ witb any degree of sutistical signig-
canc€. This comes as no suq)rise when the
srrm sf thc e)certral surface area of progres-
sirrly smrller coal particles is compared to
the interaal surface area of the pores avail-
abls for sorption.

Take for example n gtams of bituminous coal
made up of m spherical particles of radius r

Consider the normal isotherm testing crushed
fraction of 60 mesh (250 p:n;, r = 0.0125 cm.
From equation (5), 100 g of this coal with a
density of 1.35 g/cc would have an external
surface area of:

5.4= 3 x 7 0 0
0 . 0 1 2 5 x i . 3 5

=t7 8s<LO2 cm2

The range of internal surface areas measured
for bituminous coals are 100 - 300 m2ls
(1,000,000 - 3,000,000 c^z|gy.Usiog ui ro*"i
end ofthe internal surface area ralues gives

5 A = 1 0 0 x 7 0 6  c m 2

Therefore tbe percentage change in surface
area by crushing is of tbe order of 0.V2Vo at
most.

METEANE SORPIION CAPACITIES

Effects of coal rank, surface area and ash
content

Tbe sorption capacity data for all coals tested
s1e ssntainsd in Table 1. Tbe standard coef-
ficients for the Laogmuir Isotberm equation
are used for comparison. There is a general
incease in sorption capacity with increasing
coal renk (Figures 2 and 3), and a general
decrease in' sorp tion cap acity with increasin g
nsh content (Figure 4). The scarter in the
data would suggest tbat otber parameters af-
fect tbe sorption capacity, and no simple re-
lationship is possible for prediction.

(cm) aud density# (g/cc), then
A + - 3

n- = "=t 
mP

3

( 1 )

( 2 )

r =  3 t .  p
AiE r'

The ertcrnal surface area of tbese particles is The test results arso show a clear distinctiongiveu by
( g t 

exists between dull and brigbt coals. The

sA=Arrzm |;"filTr'::,i,llfi:: j,.*r{i,l-'::::ll
tent with tbe surface area data for the coal.

substituting for m fron equarion (2) into l9!l et { (1?68) found a similar relationsbip
equation (3) gres with a 'tsrights" and 'Tlards" sample laken

({) from the Top Hard sea:1, Welbeck Colliery

sA=I:#! $H: Y-1':jffi'j?;,lli'-tr"$;1"ff':
similal, but the isotberms were very different.

( 5 ) Tbe 'tsrigbts" sample bad^a maximum sorp-

=E smz $i:,,XnX',"Llt,lt?',llln..3rJ"Jir;rp sorprion capacity or jio'Fm ir!.g .vs).
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Levine (pers co--) using a similar method-
ology to CGRI has observed the same rela-
tionship in US coals.

Howerr€r, tlese results are in confast to
tbose reported by Etringer et al. (1966), who
fouud that fusinite ricb coals had a higber
sorption capacity than vitrinite rich coals
above 20 atmospheres. Also, the results of
this study appear to contrast with the findings
of Faiz and Cook (1991), namely, inertinite-
rich coals tend to store relatively more gas
than virinite-rich coals. However, Faiz and
Cook (191) c/€re comparing desorbable gas
contenB with tbe coal types in their paper
and not sorption capacities. Their results ia
fact are as expected frorn the desorption be-
haviour exhibited by dull and bright coals
(see Gamson and Beamish, these proceed-
ings).

Mols ture Reducdon Factor

An indication of moisture reduction effects
on sorption capacity is provided by compar-
ing the results of tbe dull solid samples and
the crushed sampl,es (Table 1). It can be seen
that an increase in the coal moisture content
significan{y reduces the gas sorption capacity
of the coal (Figure O. Tbese effects were
studied by both Ettioger er a/. (1958) and
Joubert et aL (tV13,1.974). From the limited
data s€t, a linear regression yields a reason-
able fit and produces an equation of the form
Vy 'V6= l lG.A+ Am) ,whereA= 0 .35 .
This equation is similar to tbe one proposed
byEttinger ct d,L (1958).

coNcx,usloNs

A techniquc for sorption testing of coals has
beeu der,eloped at the Coalseam Gas Re-
search Institute which uses a high pressure
microbalance. The key function of perform-
ing sorption testing with a microbalance is
tbe ability !o provide resulrs for the direct
comparison of effects of:

l. coal tlpe (band selection or maceral con-
centrates)

2. coalmicrostructure

3. particle size (micron sized to centimetre).

Tests performed on Bowen Basin coals indi-
cate tbat there is a general positive correla-

tion between sorption capacity and coal rank,
and a uegatiw correlation with ash content.
The rariation in sorption capacity witb rank
is most likely related to the coal microstruc-
ture, in particular, the pore size disuibutions.
Two other factois appear to affect sorption
capacity of coals. Firstly, the coal type where
bright coals ba.rc a higher sorption capacity
than dull coals. This is essentially reiated to
tbe greater internal surface area displayed by
bright coals (196-n7 m'lg, db) as compared
to the dull coals (15G213 molg, db). Sec-
ondly, the coal moisture, where an increase
ia moisture geatly reduces the sorption ca-
pacity. A reasonable linear frt is obtained for
coal moisture effect on sorption capacity,
namelyV,yAl6 = ll(.J.A2 + Am), where A =
0.35.
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Figun 1. Schematic of microbalance ser up.
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Capacity with vitrinite reflecta.nce for dull and brigbt coals

from thc Bowen Basia.

Ftgun 3, Variatiou in gas sorption capacity with fixed catbon content for dull and brigbt coals
from thc Bowen Basin.
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1 . . l

0 , 5  . l

Mols tu re  con ten t  C '6 )

- V d / V w  =  0 , 3 5 m  *  1 , 0 2  ( R  S q u a r e d  =  0 , 8 7 )

isture content effect on gas sorption capacity of coal.
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