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SORPTION INVESTIGATIONS OF METHANE ON COAL 

by 

J. H. Perk ins  and Joseph C e r v i k 2  

The Bureau of Mines h a s  conducted d e s o r p t i o n  work on f i n e  c o a l  p a r t i c l e s  
a t  n e a r  a tmospher ic  p r e s s u r e .  An a p p a r a t u s  has  been developed t h a t  uses  a  
c a p a c i t a n c e  manometer t o  measure d e s o r p t i o n  of methane from c o a l  p a r t i c l e s  up 
t o  2 inches  i n  d iamete r  and p r e s s u r e s  up t o  1 ,000  p s i .  T h i s  w i l l  make i t  pos- 
s i b l e  t o  d u p l i c a t e  t h e  d e s o r p t i o n  p rocess  a s  i t  occurs  i n  i t s  n a t u r a l  under-  
ground environment.  

INTRODUCTION 

A comprehensive methane c o n t r o l  r e s e a r c h  program i s  be ing  conducted by 
t h e  Bureau of Mines t o  e s t a b l i s h  t h e  g e o l o g i c a l  s t r u c t u r a l  c o n t r o l s  t h a t  gov- 
e r n  t h e  m i g r a t i o n  and r e t e n t i o n  of  methane i n  coa lbeds  ; determine t h e  p h y s i c a l  
p r o p e r t i e s  of methane and of t h e  c o a l  and o t h e r  s t r a t a  w i t h  which methane i s  
a s s o c i a t e d ;  d e v i s e  methods by which methane may be removed from, o r  c o n t r o l l e d  
i n ,  coa lbeds  p r i o r  t o  and dur ing  c o a l  e x t r a c t i o n ;  develop mechanical  equ ip-  
ment and i n s t r u m e n t a t i o n  needed t o  c o n t r o l  methane;  and conduct  f i e l d  t r i a l s  
of t h e  methane c o n t r o l  t echn iques  developed. T h i s  i s  one of a  s e r i e s  of 
r e p o r t s  on s p e c i f i c  a s p e c t s  of  t h e  program. 

High methane c o n c e n t r a t i o n s  t h a t  r e s u l t  d u r i n g  mining a r e ,  i n  p a r t ,  due 
t o  t h e  d e s o r p t i o n  of methane from c o a l .  Methane emiss ion  due t o  d e s o r p t i o n  
can c r e a t e  s e r i o u s  s a f e t y  hazards  bo th  i n s i d e  and o u t s i d e  c o a l  mines .  It has  
been observed t h a t  a  lump of c o a l ,  a f t e r  be ing  mined, w i l l  c o n t i n u e  t o  l i b -  
e r a t e  methane f o r  months. Th i s  "slow b leed ing"  o r  d e s o r p t i o n  i s  t h e  r e s u l t  
of methane gas  t h a t  i s  s t o r e d  i n  t h e  micropore  s t r u c t u r e  of t h e  c o a l .  T h i s  
method of t r a n s p o r t  has  been shown t o  be governed by F i c k ' s  law of  d i f f u s i o n : '  

l P h y s i c i s t ,  P i t t s b u r g h  Mining Research C e n t e r ,  Bureau of Mines ,  P i t t s b u r g h ,  Pa. 
2Superv i sory  g e o p h y s i c i s t ,  P i t t s b u r g h  Mining Research C e n t e r ,  Bureau of  Mines,  

P i t t s b u r g h ,  Pa. 
" ~ e r v i k ,  Joseph.  An I n v e s t i g a t i o n  of t h e  Behavior and Cont ro l  of Methane Gas. 
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where 

q '  = volume f low r a t e  ; 

D = d i f f u s i o n  c o e f f i c i e n t ;  

A = c r o s s - s e c t i o n a l  a r e a ;  

c  = c o n c e n t r a t i o n  of gas i n  s o l i d  c o a l ;  

1 = l e n g t h .  

Consequen t ly ,  t h e  r a t e  of d e s o r p t i o n  o f  gas  from c o a l  depends upon e q u i l i b r a t e d  
p res su re ,  c o a l  p a r t i c l e  s i z e ,  and d i f f u s i v i t y  c o e f f i c i e n t .  

S e v e r a l  a t t e m p t s  t o  measure t h e  r a t e  o f  d e s o r p t i o n  have been made. Hofer 
and o t h e r s 4  d i d  work w i t h  f i n e  c o a l  samples n e a r  a tmospher ic  p r e s s u r e .  They 
concluded t h a t  i n  terms of  t h e  f r a c t i o n a l  approach t o  e q u i l i b r i u m ,  t h e  law 
governing t h e  r a t e  of s o r p t i o n  i s  n e a r l y  independent  of  p r e s s u r e ,  and t h a t  t h e  
a d s o r p t i o n  and d e s o r p t i o n  curves  were i d e n t i c a l .  T h i s  work a l s o  showed t h a t  
t h e  r a t e  of a d s o r p t i o n  i n c r e a s e s  e i g h t f o l d  a s  t h e  p a r t i c l e  s i z e  d e c r e a s e s  from 
6  t o  8 t o  270 t o  325 mesh per  inch .  However, t h e r e  have been measurements o f  
gas  bed p r e s s u r e s  h i g h e r  t h a n  550 p s i ,  and i t  i s  w e l l  known t h a t  mining 
machines degrade c o a l  i n  s i z e s  from v e r y  f i n e  d u s t  t o  p a r t i c l e s  s e v e r a l  inches  
i n  d iamete r .  T h e r e f o r e ,  t h e r e  e x i s t s  a  need t o  work on c o a l s  a t  h i g h e r  p r e s -  
s u r e s  and l a r g e r  p a r t i c l e  s i z e s . 5  

The Bureau of Mines a t t empted  t o  work w i t h  l a r g e  s i z e s  o f  c o a l ,  u s i n g  a  
f lame i o n i z a t i o n  d e t e c t o r .  This  dev ice  burns  a  sample o f  methane gas  i n  an  
oxygen-hydrogen flame r e s u l t i n g  i n  a n  i o n i z e d  methane molecu le ,  and an  e l e c -  
t r o m e t e r  measures t h e  change i n  charge  t h a t  r e s u l t s  from t h e  i o n i z a t i o n  o f  t h e  
g a s .  The a p p a r a t u s  i s  capab le  of measur ing methane i n  p a r t s  p e r  m i l l i o n ,  b u t  
i t s  s e n s i t i v i t y  t o  a tmospher ic  p r e s s u r e  changes makes i t  imposs ib le  t o  c a l i -  
b r a t e  f o r  f lows of  methane l e s s  t h a n  1 cu cm/min. 

An a p p a r a t u s  h a s  been developed t h a t  a l lows  samples o f  c o a l  up t o  2 
inches  i n  s i z e  t o  be e q u i l i b r a t e d  a t  p r e s s u r e s  up t o  1 ,000  p s i .  Desorpt ion 
curves  can be o b t a i n e d  f o r  t h e s e  samples t h a t  s i m u l a t e  any c o n d i t i o n s  under-  
ground. T h i s  a p p a r a t u s  makes it p o s s i b l e  t o  c o r r e l a t e  t h e  r a t e  and amount o f  
methane desorbed from c o a l ,  wi th  t h e  e q u i l i b r a t e d  bed p r e s s u r e  o f  t h e  c o a l  and 
t h e  type  of mining machinery used.  

DESORPTION PHENOMENON I N  COAL 

A s  mining p r o g r e s s e s ,  more c o a l  becomes exposed and ,  t h u s ,  more gas can 
be e m i t t e d  i n t o  t h e  mine by t h e  d e s o r p t i o n  p r o c e s s .  

*Hofer ,  L.J .E. ,  James Bayer,  and Robert  A. Anderson. Rates  o f  Adsorpt ion of 
Methane on Pocahontas and P i t t s b u r g h  Seam Coals .  BuMines Rept.  o f  Inv.  
6750, 1966, 1 3  pp. 

"Work c i t e d  i n  f o o t n o t e  3. 



F i c k ' s  law i l l u s t r a t e s  t h a t  when a  p iece  of c o a l  is  p laced  i n  an atmos- 
h e r e  of methane,  adsorption of t h e  methane by t h e  c o a l  w i l l  t ake  p l ace .  The 

' t o t a l  amount of t he  methane adsorbed i s  a  f u n c t i o n  of t he  environmental  p r e s -  
' s u r e ,  t empera ture ,  and t ime. The time f o r  t h i s  a d s o r p t i o n  t o  reach  e q u i l i b -  
r ium i s  a  f u n c t i o n  of t h e  s i z e  and shape of  t h e  c o a l  p a r t i c l e .  The r e v e r s e  
of t h i s  p r o c e s s ,  d e s o r p t i o n ,  t ake s  p l ace  when t he  environmental  p r e s su r e  i s  
reduced.  The amount of gas desorbed and r a t e  of de so rp t i on  a r e  governed by 
t he  same f a c t o r s  t h a t  c o n t r o l  ad so rp t i on .  It has  been shown t h a t  a l though  a  
sma l l  p i l e  of f i n e l y  powdered c o a l  (275 t o  325 mesh) and a  p i l e  of 114-inch by 
0  c o a l  w i l l  adsorb  t h e  same q u a n t i t y  of gas a t  1 atmosphere p r e s su re  when t he  
p r e s s u r e  i s  reduced,  t he  f i n e  c o a l  r e l e a s e s  i t s  gas i n  1 hou r ;  t he  114-inch 
c o a l  r e l e a s e s  i t s  gas  i n  30 days .  For c o a l  p a r t i c l e s  of t he  o rde r  of 112- 
i n c h ,  wi th  no c r acks  o r  o t h e r  d e f e c t s ,  t he  de so rp t i on  process  may take  from 6 
rnonths t o  1 year .G 

Experiments have shown t h a t  when a  mining machine i s  ope ra t i ng  t h e r e  i s  
an  i n c r e a s e  i n  methane emiss ion.  Ignor ing  Darcy f low,  two f a c t o r s  c o n t r i b u t e  
t o  t h i s  i n c r e a s e :  

1. The miner  i s  degrading c o a l  i n t o  p a r t i c l e s  rang ing  from ve ry  f i n e  
d u s t  t o  l a r g e  p i ece s .  This  deg rada t i on  a c c e l e r a t e s  t he  r e l e a s e  of  gas from 
c o a l  by t he  de so rp t i on  process .  

2 .  Coal about  150 f e e t  i n  advance of  t h e  f a ce  i s  desorb ing  gas because 
of t h e  e x i s t e n c e  of a  d r a i n i n g  r a d i u s . ?  This  c l e a r l y  demonstra tes  t h e  need f o r  
c o r r e l a t i n g  de so rp t i on  r a t e s  of methane w i th  gas bed p r e s su re s  and p a r t i c l e  
s i z e .  

DISCUSSION OF SORPTION APPARATUS 

The appara tus  developed by t he  Bureau of Mines ( f i g .  1 )  i s  capab le  of 
measur ing de so rp t i on  r a t e s  f o r  p r e s su re s  from 1,000 p s i  t o  vacuum, and f o r  
c o a l  p a r t i c l e s  up t o  2  inches  i n  d iamete r ;  c o a l  b locks  up t o  1 8  inches  i n  
d iamete r  a l s o  can  be s t u d i e d  a t  p r e s su re s  up t o  600 p s i .  These measurements 
a r e  made by p l ac ing  t he  c o a l  sample i n  a  p r e s su re  v e s s e l  and p r e s s u r i z i n g  
t he  v e s s e l  wi th  methane. When t h e  de so rp t i on  process  has  ended and e q u i l i b -  
r ium has  been reached ,  t he  p r e s su re  sur rounding  t h e  c o a l  p a r t i c l e  i s  reduced 
t o  s imu la t e  t he  c o n d i t i o n  t he  c o a l  would exper ience  i n  a  mine. The p r e s su re  
i n  t h e  v e s s e l  w i l l  beg in  t o  i n c r e a s e  owing t o  t h e  d e s o r p t i o n  of methane from 
t h e  c o a l .  This  bu i l dup  i n  p r e s su re  i s  moni tored by a  c apac i t ance  manometer 
capab le  of s ens ing  p r e s su re  changes of 0.01 p s i .  The capac i t ance  manometer 
c o n t r o l s  a  v a l v e  t h a t  a l lows  t h e  excess  gas t o  be b l e d  i n t o  a second v e s s e l ,  
where t he  q u a n t i t y  of  gas desorbed can be c a l c u l a t e d  by u s ing  pressure-volume 
r e l a t i o n s h i p s .  

6Work c i t e d  i n  f oo tno t e  3. 
?Work c i t e d  i n  f oo tno t e  3. 



F
IG

U
R

E
 1

. 
- S

o
rp

ti
o

n
 

A
p

p
a

ra
tu

s.
 

1. 
P

re
s

s
u

re
 

v
e

s
s

e
l 

c
o

n
ta

in
in

g
 t

h
e

 c
o

a
l 

sa
m

p
le

; 
2.

 c
a

p
a

c
it

a
n

c
e

 m
a

n
o

m
e

te
r 

h
e

a
d

 w
h

ic
h

 s
e

n
s

e
s

 p
re

s
s

u
re

 

ch
a

n
g

e
s 

in
 

p
re

s
s

u
re

 
v

e
s

s
e

l 
N

o
. 

1; 
3.

 
c

a
p

a
c

it
a

n
c

e
 

b
ri

d
g

e
 n

e
tw

o
rk

; 
4.

 
re

co
rd

e
r 

fo
r 

re
c

o
rd

in
g

 
p

re
s

s
u

re
 

b
u

il
d

u
p

 i
n

 p
re

s
s

u
re

 
v

e
s

s
e

l 
N

o
. 

1 
d

u
e

 
to

 
d

e
so

rp
ti

o
n

; 
5.

 p
re

s
s

u
re

 
m

e
te

r 
fo

r 
re

a
d

in
g

 p
re

s
s

u
re

s
 i

n
 p

re
s

s
u

re
 v

e
s

s
e

l 
N

o.
 

1 
(h

a
s

 b
e

e
n

 r
e

p
la

c
e

d
 b

y
 a

 
p

re
s

s
u

re
 t

ra
n

s
d

u
c

e
r 

); 
6.

 
a

ir
 

v
a

lv
e

 
a

c
tu

a
te

d
 

b
y

 
th

e
 

c
a

p
a

c
it

a
n

c
e

 
m

a
n

o
m

e
te

r 
w

h
ic

h
 

a
ll

o
w

s
 

e
x

c
e

s
s

 
p

re
s

s
u

re
 

to
 b

le
e

d
 f

ro
m

 
p

re
s

s
u

re
 v

e
s

s
e

l 
N

o
. 

1 ;
 7

. 
re

s
e

rv
o

ir
 f

o
r 

c
o

ll
e

c
ti

n
g

 
th

e
 

d
e

so
rb

e
d

 
g

a
s.

 



F I G U R E  2. - Desor~tion Curve for Pittsburgh Coal, 180 to 200 Mesh. 

12 I 

With t h i s  a p p a r a t u s ,  i t  i s  p o s s i b l e  t o  c o r r e l a t e  p a r t i c l e  s i z e  t o  t h e  
r a t e  o f  d e s o r p t i o n .  It s h o u l d  be h e l p f u l  i n  p r e d i c t i n g  t h e  p r a c t i c a b i l i t y  of 
v a r i o u s  methods o f  d e g a s i f i c a t i o n  such a s  s i n k i n g  methane d r a i n a g e  b o r e h o l e s  
i n t o  t h e  c o a l b e d .  T h i s  a p p a r a t u s  w i l l  be a b l e  t o  c o r r e l a t e  t h e  amount of  gas  
desorbed  w i t h  a  d rop  i n  bed p r e s s u r e .  S i n c e  a  b o r e h o l e  w i l l  produce a  
d r a i n i n g  r a d i u s ,  a  d rop  i n  bed p r e s s u r e  i n  t h e  a r e a  o f  t h e  b o r e h o l e  c a n  be 
e x p e c t e d .  Provided t h e r e  a r e  no c l a y  v e i n s  o r  o t h e r  o b s t r u c t i o n s  i n  t h e  
c o a l b e d ,  e s t i m a t e s  of  t h e  volume o f  desorbed g a s ,  based  on t h e  e x p e c t e d  p r e s -  
s u r e  drop around t h e  b o r e h o l e s ,  c a n  t h e n  be made. Assuming s i m i l a r  c o n d i t i o n s  
a t  t h e  a c t i v e  f a c e  o f  a  c o a l  miqe ,  t h i s  a p p a r a t u s  w i l l  y i e l d  i n f o r m a t i o n  t h a t  
w i l l  a i d  i n  p r e d i c t i n g  t h e  amount of g a s  moving i n t o  t h e  mine th rough  t h e  
f a c e .  

I I  

F i g u r e  2 shows a  d e s o r p t i o n  c u r v e  o b t a i n e d  from a  852-gram, 180- t o  
200-mesh, sample of P i t t s b u r g h - b e d  c o a l .  T h i s  f i g u r e  shows t h e  d e s o r p t i o n  
c u r v e  o b t a i n e d  from e q u i l i b r a t i n g  t h e  sample a t  270.9 p s i ,  and t h e n  r e d u c i n g  
t h e  p r e s s u r e  t o  173 p s i .  It s h o u l d  be n o t e d  t h a t  90 p e r c e n t  o f  t h e  methane 
was e m i t t e d  w i t h i n  t h e  f i r s t  100 m i n u t e s ,  b u t  t h a t  some d e s o r p t i o n  i s  s t i l l  
t a k i n g  p l a c e  a t  200 minu tes .  The gas  desorbed a t  t ime  z e r o  i s  t h e  gas  t h a t  
was g i v e n  o f f  when t h e  p r e s s u r e  was i n i t i a l l y  reduced.  
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CONCLUS I O N S  

The a p p a r a t u s  d e s c r i b e d  i s  t h e  l a t e s t  o f  t h e  B u r e a u ' s  e f f o r t s  t o  d e v e l o p  
a  s y s t e m  t o  measure  d e s o r p t i o n  r a t e s  o f  methane  from l a r g e  c o a l  s amples  a t  
p r e s s u r e s  u p  t o  1 , 0 0 0  p s i .  T h i s  a p p a r a t u s  w i l l  now be  u s e d  t o  measure  t h e  
r a t e s  o f  d e s o r p t i o n  from many d i f f e r e n t  s amples  o f  c o a l  and  a t t e m p t  t o  c o r -  
r e l a t e  t h e  p r e v i o u s l y  men t ioned  p a r a m e t e r s .  
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