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GASES DESORBED FROM F I V E  COALS OF LOW GAS CONTENT 

by 

A. G. K i m  1 and L. J. Douglas 

ABSTRACT 

Methane and o ther  hydrocarbon gases ,  byproducts of c o a l i f i c a t i o n ,  a r e  
emi t ted  from c o a l  a t  widely varying r a t e s  and o f t e n  p re sen t  v e n t i l a t i o n  prob- 
lems dur ing  mining. The a i r  i n  some c o a l  mines appa ren t ly  con ta ins  no methane. 
To determine i f  c o a l s  from mines which had no h i s t o r y  of d e t e c t a b l e  gas emis- 
s i o n  contained adsorbed methane, samples of c o a l  a t  the s h a f t  bottom and a t  an 
a c t i v e  face  were obtained and placed i n  s ea l ed  meta l  c y l i n d e r s .  The atmos- 
phere around t h e  coa l  was sampled and analysed by gas chromatography. Methane, 
e thane ,  e thy lene ,  propane, propylene, and butane were found t o  have been 
desorbed from these  c o a l s .  Hydrogen and helium were a l s o  de t ec t ed .  An e s t i -  
mate of  t he  amount of  r e s i d u a l  gas  per  t on  of c o a l  i nd ica t ed  t h a t  c o a l  samples 
from t h e  a c t i v e  face  g e n e r a l l y  contained more adsorbed gas than c o a l  samples 
obta ined  from the  s h a f t  bottom, although i n  both in s t ances  t h e  t o t a l  amount of 
gas was r e l a t i v e l y  small .  

INTRODUCTION 

Methane and o t h e r  hydrocarbon gases  a r e  normal byproducts of t h e  c o a l i f i -  
c a t i o n  process .  The amount of methane r e t a ined  i n  the  coalbed i s  h ighly  v a r i -  
a b l e  and dependent upon many f ac to r s - -phys i ca l ,  chemical,  and geo log ica l .  The 
r a t e  of methane emission dur ing  mining i s  r e l a t e d  t o  t h e  concent ra t ion  of 
methane i n  the coalbed.  Any methane r e l ea sed  i n t o  the  mine atmosphere must be 
d i l u t e d  wi th  a i r  t o  prevent t h e  formation o f  an explos ive  gas mixture.  
Although i t  i s  known t h a t  methane cont inues  t o  be desorbed from coa l  f o r  long 
per iods  of t ime, i n  some mine workings t h e r e  i s  no evidence of methane emis- 
s ion .  Poss ib l e  explana t ions  f o r  t h i s  phenomenon a r e  t h a t  e i t h e r  t h e  methane 
has been completely desorbed from t h e  c o a l  p r i o r  t o  mining, o r  t h e  r a t e  of 
methane emission i s  s o  low t h a t  t h e  concent ra t ion  of methane i n  t h e  mine 
atmosphere (assuming adequate v e n t i l a t i o n )  i s  u s u a l l y  n e g l i g i b l e .  To i n v e s t i -  
g a t e  the  f i r s t  p o s s i b i l i t y ,  t h e  experiment descr ibed i n  t h i s  r e p o r t  was 
designed a s  a simple semiquan t i t a t i ve  method f o r  demonstrating the  presence o r  
absence of hydrocarbon gases  i n  c o a l s  from mines which had no h i s t o r y  of meth- 
ane product ion.  

chemist .  



FORMATION AND RETENTION OF GASES IN COAL 

Coalification, the process by which coal is formed, can be described as a 
series of biochemical and geochemical reactions which transform plant material 
into a combustible, carbonaceous solid. Methane is the primary gaseous 
byproduct of this process, but other hydrocarbons, CO,, and hydrogen are also 
produced. 

Coalification begins with a biochemical stage during which plant mate- 
rials are partially decomposed by anaerobic microorganisms, humic substances 
are formed, and peat accumulates. Also produced during this stage are methane, 
CO,, and trace amounts of ethane, ethylene, propane, propylene, butane, and 
pentanes. These gases may be retained in the peat by adsorption. Atmospheric 
nitrogen and oxygen may also be adsorbed on the peat during deposition. Inun- 
dation and the deposition of inorganic sediments usually terminates the devel- 
opment of peat and initiates the geochemical phase of coalification. 

During the geochemical stage of coalification, the time, temperature, and 
pressure cause physical and chemical changes in the coal. Rank designations 
such as lignite, bituminous, and anthracite are roughly equivalent to differ- 
ent stages in a sequential transformation. With increased rank, coal becomes 
darker and more lustrous. Physical changes are accompanied by an increase in 
carbon content, aromatic character, and calorific value, and a decrease in 
moisture, volatile matter, oxygen, and hydrogen content. There are several 
theoretically possible mechanisms by which gases may be produced during coali- 
fication. Methane and other hydrocarbons can be produced by the removal of 
alkyl side chains from aromatic molecules or by the condensation of straight 
chain molecules into ring structures. The decomposition of resins and waxes 
can also yield a mixture of hydrocarbon gases. Hydrogen, also a primary prod- 
uct of coalification, could react with C2 to C, hydrocarbons to form methane. 
Oxidation of the coal by occluded oxygen results in the formation of C02. 
Although it is not a reaction product, helium, produced by decay of radioac- 
tive minerals, is also present in coal (3-4, 5) ., The gas phase in coal, 
therefore, has been found to be a mixture of methane, the C2 to C, hydrocar- 
bons, C02 , oxygen, nitrogen, hydrogen, and he1 ium. However, the postdeposi - 
tional history of the coalbed affects the amount and composition of the gas 
retained. 

Physically, coal is a highly porous solid with two distinct pore systems. 
The macropore system consists of cracks and fractures; the micropore system is 
similar to a molecular sieve structure with an average pore diameter of 5 to 
20 A. Gases in the coalbed can exist as free gas in the macropore system or 
adsorbed on the surface of the micropores. The diffusion coefficient, acti- 
vation energy of desorption, adsorbate density, permeability, surface area, 
and pressure control the rate at which gas can flow from the micropores. Flow 
in cracks and fractures depends upon pressure, the degree of fracturing, and 
the permeability of adjacent strata. Emission from the bed into a mine is 

2Underlined numbers in parentheses refer to items in the list of references at 
the end of this report. 



g e n e r a l l y  d i f f u s i o n  c o n t r o l l e d ;  t h e  r a t e  of emiss ion  i s  g iven  by F i c k ' s  law: 

where d q / d t  i s  t h e  volume f low r a t e ,  D i s  t h e  d i f f u s i o n  c o e f f i c i e n t ,  A i s  t h e  
a r e a ,  C i s  t h e  c o n c e n t r a t i o n  of g a s ,  and L i s  t h e  d i f f u s i o n  pa th  l eng th .  

The t o t a l  volume of  ga s  r e l e a s e d  pe r  mass of  c o a l  (Vt) i s  

V, = A 11 - e x p ( t / h  )"I f o r  1 > n  > 0 ,  

where A i s  t h e  i n i t i a l  ga s  c o n t e n t  of t h e  c o a l ,  t, i s  a  t ime c o n s t a n t ,  t i s  
t h e  t ime e l apsed  s i n c e  t h e  s t a r t  of emiss ion ,  and n  i s  an emp i r i c a l  c o n s t a n t .  
With t ime,  t h e  volume of gas  emi t t ed  i n c r e a s e s ;  t h e  r a t e  o f  emiss ion dec r ea se s  
a s  t h e  volume of  gas  r e t a i n e d  i n  t h e  c o a l  dec r ea se s  (1-2, 8 ) .  

EXPERIMENTAL METHOD 

B a s i c a l l y  t h e  expe r imen t a l  method c o n s i s t e d  o f  p l ac ing  samples of c o a l  i n  
a  s e a l e d  c o n t a i n e r ,  a l l o b i n g  ga s  i n  t h e  c o a l  t o  desorb ,  sampling t h e  atmos- 
phere  i n  t h e  c o n t a i n e r ,  and a n a l y s i n g  i t  by gas  chromatography. Coal samples 
were ob ta ined  from s i x  mines i n  f i v e  coa lbeds  ( t a b l e  1 ) .  A l l  mines had no 
h i s t o r y  o f  gas  emiss ion .  I n  t h e  m a j o r i t y ,  samples were  t aken  bo th  a t  t h e  
a c t i v e  f a c e  t o  o b t a i n  f r e s h l y  mined c o a l ,  and from t h e  s h a f t  where t h e  c o a l  
had been exposed f o r  r e l a t i v e l y  long p e r i o d s  o f  t i m e .  The c o a l  was s e a l e d  i n  
a  c y l i n d e r  of  e i t h e r  c a s t  i r o n  o r  aluminum ( f i g .  1 ) ;  i n  t h e  t op  of  t h e  c y l i n -  
d e r  were a  p r e s s u r e  gage and a  va lve .  Volume of  t h e  c y l i n d e r  was approx i -  
ma t e ly  0 . 1  cub i c  f o o t .  Cy l i nde r s  were weighed b e f o r e  and a f t e r  c o a l  samples 
were c o l l e c t e d ,  and t h e  d i f f e r e n c e  was t aken  a s  t h e  weight  of t h e  c o a l .  

TABLE 1 .  - D e s c r i p t i o n  of  c o a l  samples 

I n  t h e  l a b o r a t o r y ,  a  ~ a m i l t o n ~  l e c t u r e  b o t t l e  septum was a t t a c h e d  t o  t h e  
v a l v e  on t h e  c y l i n d e r .  The v a l v e  was opened and a  sample of  t h e  gas  i n  t h e  

Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

3 ~ e f e r e n c e  t o  s p e c i f i c  brands i s  made f o r  i d e n t i f i c a t i o n  on ly  and does n o t  
imply endorsement by t h e  Bureau of Mines. 

Coal seam 
U p p e r F r e e p o r t  . . . . . . . .  
Lararnie No. 3 . . . . . . . . .  
. . . . .  do . . . . . . . . . . . . . . . . . . . .  
. . . . .  do . . . . . . . . . . . . . . . . . . . .  
. . . . .  do . . . . . . . . . . . . . . . . . . . .  
Uncor re la ted  bed . . . . . .  
. . . . .  do . . . . . . . . . . . . . . . . . . . .  
No. 1 (Rock I s l a n d ) .  .. 
. . . . .  do . . . . . . . . . . . . . . . . . . . .  
Mamoth . . . . . . . . . . . . . . .  
. . . . .  do . . . . . . . . . . . . . . . . . . . .  

Locat ion 
P r e s t o n C o u n t y , W .  Va.. 
Weld County, Colo . . . . . .  

do . . . . . . . . . . . . . . . .  
do . . . . . . . . . . . . . . . .  
do . . . . . . . . . . . . . . . .  

Lucas County, Iowa . . . . .  
do . . . . . . . . . . . . . . . .  

Mercer County, I l l . .  . . .  
do . . . . . . . . . . . . . . . .  

Monroe County, Iowa . . . .  
do . . . . . . . . . . . . . . . .  

Sample ob ta ined  Rank 
Face . . . . . . . . . . .  HvAb 
S h a f t  . . . . . . . . . .  SubB 
Face . . . . . . . . . . .  SubB 

. . . . . . . . . .  S h a f t  SubB 
Face . . . . . . . . . . .  SubB 
S h a f t .  ......... HvCb 
Face . . . . . . . . . . .  HvCb 
S h a f t . .  . . . . . . . .  HvCb 
Face ........... HvCb 
S h a f t .  . . . . . . . . .  HvCb 
Face ........... HvCb 



c y l i n d e r  was withdrawn w i t h  a  g a s t i g h t  
sy r inge ,  then i n j e c t e d  i n t o  a  gas  chro-  
matograph. Two gas  samples were used 
f o r  each complete a n a l y s i s .  The f i r s t  
was i n j e c t e d  onto a  Porapak column; a  
flame i o n i z a t i o n  d e t e c t o r  was used t o  
i d e n t i f y  t h e  hydrocarbons. The second 
gas  sample was i n j e c t e d  onto another  
Porapak column which separa ted  a i r  from 
C02; a  molecular  s i e v e  column separa ted  
t h e  a i r  i n t o  I&. , He, O2 , and N2 .  These 
gases  were de t ec t ed  by a  thermal con- 
d u c t i v i t y  d e t e c t o r  (7). S e n s i t i v i t y  of 
t h e  a n a l y s i s  was 0.0001 percent  f o r  
hydrocarbons and 0.01 percent  f o r  i n o r -  
ganic  gases .  Hydrocarbons, Hz, and He 
were c a l c u l a t e d  by comparison wi th  a  
s tandard  gas  mixture.  Oxygen, n i t rogen ,  
and C02 were c a l c u l a t e d  us ing  thermal 
conduc t iv i ty  response f a c t o r s  from the  
l i t e r a t u r e .  Analyses were repea ted  
p e r i o d i c a l l y  f o r  3 months. 

RESULTS 

Analyses of gas  samples f o r  0 2 ,  N 2 ,  
CO, , H, , He, and t h e  C1 t o  C5 hydrocar - 
bons a r e  summarized i n  t a b l e  2 .  A i r ,  
t rapped i n  t h e  c y l i n d e r  when t h e  c o a l  
samples were obta ined ,  was t h e  major 
component of t h e  gas .  With time some of 
t h e  c o a l  was oxid ized ,  r e s u l t i n g  i n  a  
decrease  i n  t h e  percentage of oxygen and 
a n  i n c r e a s e  i n  t h e  amount of CO,. The 
percentage of hydrogen, helium, and 
hydrocarbons remained r e l a t i v e l y  con- 
s t a n t  wi th  t ime. Helium was desorbed 
from only two samples, one obtained i n  

FIGURE 1. - Cylinder containing t h e  s h a f t  (No. 7) and one from the  

coal  sample. a c t i v e  f a c e  (No. 10) .  Hydrogen was 
de t ec t ed  i n  the  gas from a l l  f a c e  sam- 
p l e s  and i n  t h e  gas from two of t h e  f i v e  

s h a f t  samples. Methane was desorbed from a l l  samples, a s  was ethane.  Small 
amounts of e thylene  and propane-propylene were de t ec t ed ;  on ly  t r a c e  amounts of  
butane were found and no pentanes were de t ec t ed  i n  t h e  desorbed gas.  The 
amount of hydrogen and hydrocarbons desorbed was g r e a t e r  from c o a l s  ob ta ined  
a t  t h e  f ace  than from c o a l  samples obtained i n  t h e  s h a f t .  Since deso rp t ion  i s  
a  continuous process ,  t he  concent ra t ion  of  gas  w i t h i n  t h e  c o a l  would be  lower 
i n  c o a l s  t h a t  had been exposed f o r  longer per iods .  
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Assuming t h a t  oxygen and n i t r o g e n  a r e  r e l a t e d  t o  a i r  i n  t h e  c y l i n d e r  and 
C02 i s  formed by ox ida t i on  of t h e  c o a l ,  t h e  hydrogen, hel ium,  and hydrocarbons 
were cons idered  t he  gases  a c t u a l l y  desorbed from t h e  c o a l .  The r e l a t i v e  com- 
p o s i t i o n  of t he  desorbed gas i s  g iven  i n  t a b l e  3 .  

Since  hydrogen c o n s t i t u t e d  an unusua l ly  l a r g e  percen tage  of t h e  gas from 
most o f  t he  c o a l s ,  t h e  p o s s i b i l i t y  t h a t  t he  hydrogen was formed dur ing  t h e  
experiment was cons idered .  One p o s s i b l e  mechanism involved t he  format ion of 
s u l f u r i c  a c i d  from p y r i t e  i n  t he  c o a l .  I f  t h e  a c i d  r e a c t e d  wi th  t h e  meta l  
c y l i n d e r ,  hydrogen would have been produced. There was no c o r r e l a t i o n  between 
e i t h e r  t h e  s u l f a t e  o r  p y r i t i c  s u l f u r  of t h e  c o a l  and t h e  hydrogen c o n t e n t ,  and 
t h e  c y l i n d e r s  showed no s i g n s  of c o r r o s i o n .  The p o s s i b i l i t y  t h a t  t he  hydrogen 
was a  byproduct o f  t h e  o x i d a t i o n  of t h e  c o a l  was a l s o  cons idered .  No r e l a -  
t i o n s h i p  was found between t h e  concen t r a t i ons  of CO, and H z .  With one excep- 
t i o n ,  t h e  gas  samples from c o a l s  ob ta ined  a t  t h e  f a c e  conta ined  s u b s t a n t i a l l y  
more hydrogen than gase s  from c o a l s  obtained i n  t h e  s h a f t ,  i n d i c a t i n g  t h a t  
d e s p i t e  the  anomalously h igh  concen t r a t i on ,  hydrogen was desorbed from t h e  
c o a l .  However, t h e  o r i g i n  o f  t h e  hydrogen could  n o t  be unequivoca l ly  e s t a b -  
l i s h e d  w i t h  t h i s  exper imental  method. 

Prev ious  ana ly se s  have shown t h a t  t he  hydrocarbon gas desorbed from c o a l  
w i th  a  h igh  gas  con t en t  u s u a l l y  c o n s i s t s  of over  95 pe rcen t  methane; t h e  con- 
c e n t r a t i o n s  of C, t o  C, a l kanes  g e n e r a l l y  decrease  w i t h  i n c r e a s i n g  molecular  
weigh t .  Ethylene and propylene a r e  t h e  on ly  a lkenes  d e t e c t e d ,  and on ly  a t  low 
concen t r a t i ons .  I n  t he  hydrocarbon gas desorbed from c o a l s  of  low gas  c o n t e n t ,  
methane was t he  major component, bu t  i n  t h e  m a j o r i t y  of  samples i t  c o n s t i t u t e d  
l e s s  than  90 pe rcen t  of t h e  hydrocarbon gas  ( t a b l e  4 ) .  I n  fou r  of t h e  f i v e  
p a i r s  of samples,  gas  from f a c e  c o a l  con ta ined  a  h ighe r  percen tage  o f  methane 
than  gas  from the  s h a f t  c o a l s .  Ethane was t h e  second most abundant hydrocar-  
bon. The r e l a t i v e  amounts of e thy l ene  and propane-propylene v a r i e d .  Butane 
was d e t e c t e d  occas iona l l y ;  pentane was n o t  found i n  t he  desorbed gas .  

The lower f lammabi l i ty  l i m i t  f o r  methane i s  5  pe rcen t .  When o t h e r  com- 
b u s t i b l e  gases  a r e  p r e sen t  w i t h  methane, t h e  f lammabi l i ty  l i m i t  o f  t h e  mix ture  
depends upon t h e  p ropo r t i on  and f lammabi l i ty  l i m i t  of  each gas  (3,  2). The 
lower f lammabi l i ty  l i m i t  f o r  t h e  mixture  o f  hydrocarbon gase s  desorbed from 
t h e  low-gas-content c o a l s  g e n e r a l l y  f a l l s  between 4 and 5 pe rcen t .  I f  hydro- 
gen i s  included i n  t he  c a l c u l a t i o n  of t h e  lower f lammabi l i ty  l i m i t ,  i t  a g a i n  
f a l l s  between 4 and 5 percen t  ( t a b l e  5) . 

The c o a l  samples used i n  t h i s  experiment were ob ta ined  from mines which 
d id  n o t  have d e t e c t a b l e  gas  emissions.  Since a  mix ture  of combust ible  ga se s  
i s  be ing  desorbed from t h e  c o a l s ,  t h e  r a t e  of  de so rp t i on  must be v e r y  low, and 
t h e  r a t e  of de so rp t i on  i s  r e l a t e d  t o  t he  volume of  gas i n  t h e  c o a l .  To o b t a i n  
an  e s t i m a t e  of t he  amount of  ga s  i n  t h e  c o a l ,  t h e  volume of  gas  i n  t he  c y l i n -  
de r  was c a l c u l a t e d .  This ,  m u l t i p l i e d  by t h e  p ropo r t i on  of hydrocarbons and 
hydrogen ( t a b l e  2) ,  div ided  by t he  weight of t h e  c o a l ,  was cons idered  a  mini-  
mum v a l u e  f o r  t h e  r e s i d u a l  ga s  i n  t h e  c o a l  ( t a b l e  6 ) .  S ince  t h e r e  a r e  i n s u f -  
f i c i e n t  d a t a  about  r e s i d u a l  ga s  i n  c o a l ,  t h e s e  numbers cannot  be r e l a t e d  t o  an  
"average" ga s  con t en t  of c o a l .  
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TABLE 5. - Lower f lammabil i ty  l i m i t  of gas mixtures  

Sample numbers r e f e r  t o  t a b l e  1. 

Hydrocarbons, percent  
i n  a i r  
4 .98 
4.47 
4.20 
3 .94  
4.92 
4.20 
4.95 
4 .64  
4 .90  
4 .19  

TABLE 6. - Estimated r e s i d u a l  hydrocarbons and hydrogen i n  c o a l  

Hydrocarbons + H z ,  
percent  i n  a i r  

4.04 
4 .43  
4 .03  
3 .94  
4 .05  
4 .20  
4 .41  
4.64 
4.86 
4.05 

11 1 1,563 
Isample numbers r e f e r  

samp lel  
True s p e c i f i c  I Residual  1 Residual  Weight of 

c o a l ,  g  g r a v i t y  

CONCLUSION 

1 .38  
1 .48  
1 .43  
1 .49  
1 .45  
1.46 
1 .43  
1.44 
1.56 
1 .54  
1.43 

Although the  methods used were f a i r l y  s imple,  t h i s  experiment d id  demon- 
s t r a t e  t h a t  methane and o the r  hydrocarbons a r e  contained i n  c o a l s  from which 
t h e r e  i s  no apparent  methane emission.  Ethane, e thy l ene ,  propane, propylene,  
butane,  and hydrogen i n  a d d i t i o n  t o  methane were de tec ted  i n  t h e  desorbed gas .  
The es t imated  amount of r e s i d u a l  gas i s  smal l .  However, l a ck  of c r i t i c a l  da t a  
about t h e  gas  con ten t  of coa l  p revents  making comparisons between the  r e s i d u a l  

hydrocarbons, 
f t 3 / t o n  

gas  conten t  of low-gas and "normal1' c o a l s .  

hydrogen, 
f t 3 / t o n  

t o  t a b l e  1. 

0.0072 
. 00 14 
.0015 
.0007 
.0114 
.0012 
.0168 
.0015 
. 5  24 
.0015 
. 0 145 

0.151 
- 

. I 1 3  

.00005 

. I75  
- 

.004 - 

.018 
- 

.017 
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