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The k ine t i c s  of the  sorption and desorption of methanol were measured 
on e ight  American coa ls  varying i n  rank from lignite t o  bituminous and were found 
t o  obey a second order r a t e  equation. 
propoaed which explains t h e  va r i a t ion  of the  experimental ve loc i ty  cons tv l t s  with 
pressure and with the  rank af the c o d .  An eqcilibrium sor;tion isotherm derived 
f r o m  t he  sorption mechanism permits t h e  calculation o f  the  noles of sorption s i t e s  
per grm of coal, A. The value.of A f o r  the  eigh? coals i s  found t o  be r e l a t ed  
t o  the o q g e n  content, 0, i n  moXas per gram of coal by the  r e l a t i m s h i p ,  .& = Oa667(0). 
This  re la t ionship  i s  consistent' with tine hypothesis t ha t  sorption occurs on 
hydroxyl groups, e i t h e r  .massociatsd o r  associate< Wi_tii ca.r*'oonyl groups. 
t h e  avidence gathered fxin this re la t ionship ,  it i s  conchded t h a t  s o q t i o n  sccurs 
on spec i f i c  sites, probably hydroxyl groups, t-hroighout t h e  coa l  substance. 

A mechanism f o r  the  sorp t ion  process i s  

r-on 

There has been much discussion i n  the  literature concerning the mea- 
sweuient of the surface a rea  of coal and the  i rke rac t ioc  of polar molecules with 
the  coal substance. 
and it was concluded tha t  the sorption of polar  molecules is agparently corqlicated 
by swelling and imbibition, involving weak bonds between the  sorbate and y o k r  
groups i n  the  coal. 

A grea t  dea l  of this discussion has been suimarized receEtly(1) 

A k ine t i c  study of the sorption cjf methznol on coal w a s  mde(2 )  acd it 
was fowd  t o  obey a second order r a t e  equation. 
tx be descr ip t ive  i n  cases of water and methanol sorg'iion' o~ sach thin~s as 
ce l lu lose  and proteii is(3j .  I n  t h e  case of methmol sorption oil ca l lu lose  a 
n e c h a i s n  was proposed uMch led  t o  a nex sorption iso%s-rm equation ti.< con- 
taim as one of the  parsmeters, t he  moles of sorption s i t e s  per gym of s c ~ b l n g  
imter ia l .  
on col-1s of various rank i n  order t o  obtiiin q-czqtitati-te data concernirrz 5 3 2  
i n t e rac t ion  of r:izL&iiol with coals as t h e  rank: c i ~ m s f s  from l i g n i t e  t o  bitminous.  

?'his r a t e  s q m t i o n  XZJ ai30 f o ~ i c ?  

T h i s  paper is concerned with the k ine t i c s  of the  soypiion of r w t h n o l  

Tile apparatus and t h e  proceduxc used i n  t h i s  k ine t i c  study ?rere the 
sane as previous1;T described( 2) t r i t i ~  t h e  exceptio;i t h a t  thee d s o r $ i s n  tubas 
comectacl LE se r i e s  ;*rere used instead o f  one. Tiia spying constants r e r e  1.92, 
r.5k ar?d 1.55 r r i l l ig raas  pi- mil l i ae t e r  e,utansion. 

The coal sa!?les used i n  the  sorption experiments a re  l i s t e d  along .dit'' 
t h e i r  u l t h a t e  analyses i n  Table I. 



Table I 
Ultimate Analyses of t he  Coal Samples ' 

Ultimate Analysis%- 
0 S - - N - H - C - "Coal Sample 

Upper Kittanning 
Lower Kittanning 
Upper Freeport 
Wyoming 
Kincaid Ligni te  
I l l i n o i s  !io. 6 
Hendrix 
Koundsville 

80.6 
77.9 
78.7 
74.3 
67.2 
65.2 
81.8 
74.5 

3.8 1.1 
4.7 0.9 
4.8 0.9 
5.3 1.2 
4.6 1.0 
4.9 1.2 
5.5 1.7 
5.2 1.4 

3.7 1.3 
4.1 2.3 . 
4.6 1.7 

15.2 0.6 
20.4 0.6 
10.4 4.0 
6.8 1.1 
5.7 4- 2 

.4sh 

9.5 
10.1 
9.3 
3.4 
6.2 

u.3 
3.1 
9-0 

- 

. -  *Koisture Free 

A l l  tine coal sample3 were u3ed i n  an unsieved, powdered fom. 
absolute methyl alcohol, a n a l y t i c a l  reagent, was  obtained from the Fisher Sc ien t i f i c  
Company and was used k i thou t  pur i f ica t ion .  

The adsorbate, 

i n  s e t t i n g  up t h e  mechanism fo r  methanol sorp t ion  on coal, the  mechanism 
has been mads t o  conform t o  three  requirenents: 
order r a t e  equztion, (2) explanation of the  variance of t he  experimental ve loc i ty  
constant 16th pressure and ( 3 )  explanation of  having one molecule on one s i t e  a t  
equi l ibr iun  conditions. 
f o r  t h e  equilibrium isotherm i s  a function of  t h e  pressure t o  the f i r s t  power. 
The following sorption mechanism i s  postulated: 

(1) explanation of the  second 

This t h i r d  requireme9t i s  necessary since the  eqQation 

I 

I. G +- s G-*S 

Reactions I, 2 and 3 represent t he  adsorption of msthznol vapor, G, on the  s-wface 
s i t e s ,  S, o f  t h e  coal. A l l  reactions involving sirrface adsorption of t he  physical 
type a r e  ho-m t o  be rap id  both on theo re t i ca l  and e,xperimental grounds. The 
doubiie a x o w  i s  used t o  ind ica t e  t i a t  these reac t ions  a re  i n  equi l ibr ium 
t i o n  4 is  the  slow r a t e4e te rmin ing  s t e p  fo r  t he  sorption process. 
from a s i t e - o f  t he  GneS type  migrates i n t o  the  i n t e r i o r  and i s  held on two 
in t e rna l ,  D, s i t e s ,  where n may be 1, 2 ,  j .... '.., o r  combinations of 1, 2, 
3 . . . . -. 
t h e  coal 's  sur face  LYd i n t e r i o r  s i t e s .  The f r a c t i o n  of surface sites covered 
wi th  n molecules i s  a function of t he  pressure and s ince  these s i t e s  precede 
i n t e r n a l  sorption, t h e i r  concentration w i l l  e n t s r  i lr to the  experimental r a t e  
equation. 
for the  r e v e r s i b i l i t y  of t h e  reaction. 
reac t ion  which accounts for the  fact t h a t  one molecule i s  held on one sit? vhen 

. equilibrium is  reached. 

Reac- 
A molecule 

The exact.  value or" n, o r  combination of n! s, depends on the'  nature of 

Reaction 5 is  t h e  reverse of reac t ion  !, and i s  necessary t o  account 
Xeaction 6 i s  a rapid equi l ibr iwi  %me 



The r a t e  ecpation derived from the  aiiove sequence o f  reac t ions  i s  

i n  t h i s  equation k i s  the t r u e  ve loc i ty  constant, %i, i 3  the  f r ac t ion  of surface 
s i t e s  covered by n molecules, We i s  the  moles of adsorbzte per gram of sorbent at 
equilibrium, t i s  the  time, and f i s  t h e  f r ac t ion  of the  reac t ion  completed a t  
time t. 

4 

The equilibrium sorption equation derivad i n  a previous paper(3) is  

I n  this equation, A i s  the  moles of sorption s i t e s  per gram of sorbent, K i s  the  
equilibrium constant f o r  the d i s t r ibu t ion  of nethanol between the  surface s i t e s  
and the iritei-ior sites, Kl is  the equilibrium constant for the in t e rac t ion  of 
gas molecules and the  surface sites containing one molecule, K 2  is the equilibrium 
constant f o r  the  in t e rac t ion  of gas molecules and the  surfac? sites containing 
two molecules, po is the  vapor pressure of t he  absorbate a t  the  t e q e r a t u r e  of 
the  experiment and c is  the  r e l a t i v e  pressure. 

X3ULTS .AN3 DISCUSSIOE -- 
The experimental ve loc i ty  constants, are derived f romthe  experi- 

mental data by using equation 1. f / ( l  - f )  is  pl p o t t ed  aga ins t  t and a s t r a i g h t  
l i n e  14 obtained whose slope i s  k g e .  
value of % i s  r ead i ly  obtained. 
Figure 1 for methanol sorption a t  45°C. on ;dyoinin& coal  at a r e l a t i v e  pressure 
of C.485. 
reasonably wel l  on s t r a i g h t  Lines which covered 9% of  the  reaction. 

Since We i s  known experimentally, the  
A t y p i c a l  p l o t  of f / ( l  - f )  i s  shown i n  

The k ine t ic  da ta  p lo t ted  in t M s  way fo r  t he  e ight  coal samples f e l l  

The e x p e r h s n t a l  ve loc i ty  constant i s  given by the  e q r e s s i o n  k, = k k g n .  
Since the  k4 is a constant % should vary wi th  t h e  rzdktive pressure, c, i n  the  
same manner as 0,. e,, i s  given by the following relationships:  

I n  tha der iva t ion  of t he  equilibrium s o q t i 0 3  equation 

where 

I n  Figure 2, e, , e.2. and 6, a r e  p lo t ted  against  c, using values of 1, 5 and 
10 f o r  Klpo and assuming K2po = 1. 
curve f o r  e, has a m a h m  a t  abodt c = 0.3, the  curve f o r  0 2  gas a nz5nm 
a t  about c = 0. j and the  curve f o r  has a , d n m  at sbout c * 0.7. The ex- 
perimental curves of  kx versus c f o r  JQaning coal, Kincaid li,@ite and Illinois 
coal show a m ~ h m  at  about 0.3, ind ica t ing  tha t  8 , c o n t r i b u t e s  most i n  the  
k ine t i c  mechanism. The c u y e s  f o r  Zendrix and Moundsville coals snow a maxirim 
a t  about c = 0.5, indi2ati .q t h a t  e%con t r ibu te s  nost t o  the  :kinetic :.wchznism. 
The curves f o r  Upper and Loder Kittanning coals shsw a m7-?dmun at about c = 0.7, 

In  the  region KIP. = 5 t o  Klp = 10, the 
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ind ica t ing  t h a t  6 3  cont r ibu tes  most t o  the  k ine t i c  luechanism. The c u v e  for 
Upper Freeport coa l  appears t o  be a s t r a i g h t  l i n e  ind ica t ing  t h a t  ne i ther  e, 
give a s t r a i g h t  !line. 
8, , n o r ,  predominate br?t perhaps a l l  t h ree  contribute i n  such a way as to 

I n  Figures 3 t o  6 a re  p lo t t ed  the  vcrlues of %n f o r  each of t he  coal 

1 samples studied. 
derived from t he  equilibrium sorption equation. 
t h e  values of g k  which shoiild equal e,, at corresponding values of c. 
agreement of these  values is qu i t e  good. 
a r e  l i s t e d  i n  Table 2. 

These curves were drawn using the  experimental values for X 

The 4 

Also p lo t t ed  in these  figures a re  

The vdues of k4 used i n  the  calculations 

Coal Samvle 

Upper Ki t t aming  

-- 

Lower Kittanning 

Kbcaid L i g n i t e  

Illinois No. 6 

Hendrix 

Moundsville 

Table 2 
Values of t h e  True Velocity Constants 

gms. coal 
t,"c. 4, mole CB30H - hr 
45 
40 
35 

45 
40 
35 

45 
35 
30 

45 
35 
30 

'45 
35 
30 

45 
35 
30 

45 65,000 

30 45 000 
35 50,000 

I n  comparing this phenomena with the  rank of the coal, i t  is  seen t h a t  
as t h e  rank of t h e  coal goes from l i g n i t e  t o  bituminous the  controll ing factor i n  
the  sorption mechanism goes from 0, through t o  e,. It car, be pos tda ted  
t h a t  this change i s  cont ro l led  by t h e  r e l a t ive  a t , t rac t ive  2ower of the surface 
sites and the  i n t e r i o r  s i t e s  f o r  the methanolmolecule. The surface of coal can 
be imagined as naviing rmiy adsorption s i t e s ,  each having a d i f f e ren t  a f f i n i t y  f o r  
t h e  methanol molecule. 
having d i f f e ren t  a f f i n i t i e s  due t o  s t e r i c  f ac to r s  o r  in t e rac t ions  with other s i t e s  

The s i t e s  could be the  sane atcm o r  group of atoms 'out 
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The si tes having t h e  lowzst a f f i n i t y  would be capable of holding only one metharol 
molecule, 8, , and those having a s l i g h t l y  grea te r  a f f i r i t y  would be capable of 
holding two methanol molecules 8, , etc .  The i n t e r n a l  s i t e s  wodd then a t t r a c t  
iha  weakest held n e t h a o l  riiolecule on the surface i n  e r e a t e s t  concsntration..  It 
is postulated t h a t  t h e  methaxol molecule m o s t  vea,c;ly held on t h e  s u r I a c e  is t t e  
t h i r d  molecule going en a s i t e  holding t h r e e  molecules, ?.he ne<kL would be t h e  
second molecule going cn a s i te  hoiding two I T I O ~ ~ C U ~ E S ,  the  ne* would + t h e  %ole- 
cule going on a s i t e  capable of holding only one molecule. 
power of the i n t e r n a l  sites i s  high, the  interr ia l  site -dll atLract  t h e  m e t k n o l  
molecules on s i t e s  of  most abundance. A s  t h e  a t t r a c t i v e  power o f  the  i n t e r n a l  
sites decreases t h e  surface s i t e s  with one methanolmolecllle becoEe s t a b l e  and 
t h e  i n t e r i o r  s i t e s  a t t r a 2 t  t h e  next nost  a.F.wd.-n.t and Less we;*j held metb=nol 
molecule o r  e%. Thi3 argument can be applied agair, f o r  e-controlling the  r e x -  
t i o n  mechanism. 
free energy change fo r  t h e  methanol vapor going on t h e  surface ana t h e  f ree  e x r g 7  
change for  t h e  methanol vapor going i n t o  t h e  i n t e r i o r .  This information i s  ava i l -  
able  from t h e  equilibrium s o r p t i o n  equation which w i l l  be discussed l a t e r  and i s  
shown i n  Table 3. 

%er. +,he a t t fac t i i i e  

A measwe of t'his a t t r a c t i v e  power would be t h e  difference i n  

Table 3 
Average Standard Free Energy Differences at 3Oo-45"C. 

Coal Sample - 
Lower Kittanning 
Upper Kittanning 
Upper Freeport 
Moundsville 
Wyoming 
Hendrix 
Kincaid Li,@.ite 
I l l i n o i s  No. 6 

- Free E n e r a  Differences, cal./mole 

+23 
- 6  

-407 
-708 
-8u 
-918 , 

- l a 7  
-1282 

It can be seen from this Table and from Figures 3 t o  b t h a t  2s the  f r e e  
energy difference goes from a high t o  a low negativs value, t h e  type of s i t e  con- 
t r o l l i n g  the k ine t ic  mechanisn changes from 8, through e% t o  e,. The sites 
f o r  =ethanol sorpt ion on coal  are probably t h e  same type in t h e  high rarik c o a l s  
as i n  t h e  low rank coals. 
were t h e  same, except f o r  t h e  number of sites, then f r e e  energy ctaryes  would a l l  
be equal. 
crsases,  the. degree of compactness of t h e  c o a l m k e l l e s  increases.  
then, a s  the  coal a i c e l l e s  become more compact t h e  free energy change of the 
methanol molecule due t o  sorpt ion w i l l  decrease. 

I f  it were assumed that a l l  tile proper t ies  of the coals 

However, there  i s  evidence(4) t h a t  a s  t h e  rank of t h e  subs tawe in- 
I C ,  i s  probable 

The energies o f  act ivat ion,  Ea, f o r  t h e  sorpt ion process were c d c d a t e d  
from t h e  v d u e s  in Table 2 by p l o t t i n g  ln k versus S/T and zeasuring t h e  slope. 
The Tralues of Ea f o r  the  coal sau.?les a r z  snc-m i n  Table 4. k 

I 

'i 
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Table 4 
Bctivatiori Energies f o r  t he  Sorption Process 

Ed, cal./mole Za - Ed, cal./nole Coal Sample Ea, cal./mole - 
Upper Kittanning 
Lower Kittanning 
Upper Freeport 
W Y O U  
Kincaid Lignite 
Illinois No. 6 
H e n d r h  
Moundsville 

1625 
8798 
66u 
5513 
5395 
5826 
523 5 
5501 

7035 
7191 
4947 
4795 
4850 
2991 
U 6 2  
25U 

-5409 
1 h 7  
1640 
355 
545 
2835 
3073 
2987 

I 

The case of methanol sorpt ion on Uppi- ,Freeport coal i s  s imi la r  t o  t h a t  
reported e a r l i e r (  2) f o r  Pi t tsburgh Edenborn coal. 
t i o n  did not vary w i t h  pressure, making it CZfficult  t o  determine the  degree of 
coritribution of  8, , 8, , and e3 fo r  the  rate determining step. I n  this 
case the  average v d u e  of kxwas used i n  determining the ac t iva t ion  energy for 
sorption. 

The v e l o c i t y  constar;t f o r  sorp- 

These values a r e  reported in Table 5. 

Table 5 
"qer imenta l  Velocity Constants f o r  Upper Freeport Coal 

Coal Sample - ms. coal  
t,"c. k, (av. ) mole CH3GH - hr. 

Uppsr Freeport  45 
40 
35 

2717 
2265 
2010 

DESORPTION 

The v e l o c i t y  constants f o r  t h e  desorption of methamol from coal  were 
a i l  independent of t k e  pressure ind ica t ing  t h a t  the  experiinental ve loc i ty  con- 
s t a n t  i s  t h e  t r u e  ve loc i ty  constant. 
of methanol fo r  the  e ight  coal  samples a re  l i s t e d  i n  Table 6. 

- 

The veloci ty  constants f o r  t he  desorption 



Coal Sample 

Upper Ki t taming  

- 

Lower Kittanning 

Upper Freeport 

Wyoming 

Eincaid 'Lignite 

I l l i n o i s  

Koundsville 

Hendrix 

-u15- 
Table 6 

Velocity Constants f o r  Desorption 

t "C.  - 

45 
40 
35 

45 
40 
35 

45 
35 
30 

45 .1,640 

30 1,l jc1 
35 1,370 

45 
35 
30 

45 
35 
30 

45 
35 
30 

The energies of ac t iva t ion  of desorption calculated from these valces 
a re  l i s t e d  i n  Table 4, along with the differences i n  t t e  ac t iva t ion  anergies. 
T h i s  difference i s  the  heat of reac t ion  f o r  the  r3te-deta-r!nhbg step (equation 4 
of the  sorption mechanism). 

Considering the  assmpt ions  nede m d  the  experimental e r ro r s  involved, 
it i s , d i f f i c u l t  t o  draw any conclusions concerai-ng the d i f fe rences  in energies f o r  
t he  d i f fe ren t  coal samples. 
energies involved excludes compound fom&tion of methanol with c o d  a d  ind ica tes  
t h a t  the type of bonding i s  probably hydrogen bonding. 

Howsver, i t  can be noted t h a t  tne  magnitude of the  

Equation 2, t he  equilibrium sorption equation contains 3 2arameters 
A, K and K 1  which can be evaluated by solving a se r i e s  of sinultzneous equations. 
The values f o r  A,  K and K 1  f o r  the  e ight  coal smples a re  l i s t e d  i n  Table 7 .  
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Table 7 

Constants fo r  t he  Equilibrium Sorption Equation 

Coal Sample 

Upper Kittanning 

Lower Kittanning 

Upper Freeport 

Wyoming 

Kincaid Lignite 

I l l i n o i s  No. 6 

Hendrix 

Pioundsville 

t, ' C .  

45 
40 
35 
45 
40 
35 
45 
40 
35 
45 
35 
30 
45 
35 
30 
45 
35 
30 
45 
35 
30 
45 
35 
30 

- 
moles of s i t e s  x 104 

A, p. coal 

16.4 
16.7 

15.6 
15.2 
22.9 
23.2 
22.9 
61.4 
66.0 
67.7 
73.7 
82.7 
83.2 
53.0 
57.6 

25.9 
25.2 
23.9 
22.8 
21.7 
20.4 

16.4 
15.7 

61.0 

K 

2.56 
2.31 
2. w 
2- 43 
2.09 
2-33 
1.90 
1.62 

- 

1.52 
1.15 

1.04 

1.06 
1.04 

0.84 
0.90 

0.80 

1.60 
1- 39 
1.21 
1.64 
1.68 
1.35 

0- 79 

0.69 

Kl 

6.82 
9.06 

10.33 
5.73 
8. l l  
9.43 
8.46 

11.69 
14.10 

9-19 
15.71 
20.49 
14. 30 
25.34 
28.29 
14-48 
21.12 
32- 29 
14.48 
21.12 
32.29 
12.00 
17.16 
26.10 

- 

It can be saen fror :  Table 7 tht the  values f o r  A, the  moles of s i t e s  
p e r  gram of coal are independent of temperature and t n a t  t he  values decrease a s  
t ne  ran!! of the  coal increases.  It has been suggested(3) t h a t  the atom which 
forms the  s i t e  f o r  ae thanol  sorption on coal i s  probably oxygen. I n  Figure 7 
is p lo t ted  the  m d e s  of  s i t e s  per gram o f  coal versus the  moles of  oxygen per 
gram of coal. 
d i ca t e s  2/3 of t he  omgen i n  coals from high rank t o  low rank, form s i t e s  fo r  
methanol sorption. 
terms of OH, COOH, OCH C=O, and non-reactive 0 groups i n  an effort t o  follow 
t he  changes occurring a&ing t h e  coal i f ica t ion  process. Using t h e  data of Blom 
e t  a L ( 6 )  and assuming var ious  combinations of oxygen groups, it vas found tha t  
t h e  suin of OH and COOH groups gave the  bes t  agreement with the number of  sorption 
s i t e s  i n  the  coal. These da t a  a re  p lo t ted  i n  Figure 7 and the agraement i s  quite 
good considering the  experimental d i f f i c u l t i e s  i n  detei-mining t h e  oxygen groups 
i n  coals. 
r a t i o  with respect t o  t he  t o t a l  oxygen during the  coa l i f i ca t ion  process indicates 
t h a t  the  oxygen i s  l o s t  i n  a very spec i f i c  manner as coal ages. The exact manner 
i n  which the o q g e n  is  l o s t  is d i f f i c u l t  t o  determine s ince  l i t t l e  i s  known about 
t h e  manner of t h e  changes of the  carbon and hydrogen during coa l i f ica t ion .  

The r e l a t ionsh ip  obtained is l i n e a r  h i t n  a slope of  2/3 which in- 

Severa l  workers( 5) (6) hava analyzed coals of varying rank i n  

The f a c t  t h a t  t h e  sites responsible f o r  s o v t i o n  remain a t  a constant 

Since the  equilibrium c o n s t a t s  X and K 1  a r e  known a t  th ree  tempera- 
t u re s ,  the  values of  my AFO, and hs c o d d  be determined. These values i n  
cal/mole f o r  &€I and AF" and cal/degree f o r  IS are  shown i n  Table 8. 
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Table 8 

Values of oY, M0 and IS i o r  Z q u i l i b r i m  Sorpt ion 

Coal Sample 

Ugper Kit tarning 

- 

Lower Kittanning 

Upper Freeport 

Wyoming 

Kincaid Ligni te  

I l l i i i o i s  No. 6 

Hendrix 

Moundsville 

Is3 

19 5 1  

- 

543 

4429 

1131 

u 9 l  

2331 

3 843 

3445 

K 
nr' 

-620 
-522 
-540 
-566 
-459 
-51s 
-408 
-302 
-2 56 - 67 - 37 
- 25 
- 27 
11 
6 

1 5 1  
126 
224 

-797 
-203 
-113 
-212 
-312 
-179 

- 
2.1 -all 
7.9 
2. L 
i. 4 -9751 
4.2 
4.4 

12.6 -99E3 
13.2 
13.5 
3.8 -10,2@Lb 
3.8 
3.8 
3.8 -7928 
3. a 
3.9 
6.3 -11,229 
7.1 
7.0 
12.0 -9503 
i3.1 
13.1 
E. 8 -10,827 
12.2 
11.9 

-1215 
-1372 
- L j O  
-U04 
-1303 
-1375 
-1351 
-1531 
-1621 
-u+,Oz 
-1627 
-1820 
-1ss3 
-193% 
-2c12 
-1690 
-Lô $ 
-2094 
-1622 
-2006 
-SOL5 

-1:G 
-1965 

-1572 

is 

-21 * 7 
-21. j 
-2i. 7 
-27.2 
-27.0 
-27.2 
-27.1 
-27.0 
-27.0 
-27 * 7 
-27.7 
-27.7 
-19.6 
-19.7 
-19.5 
-29.7 
-3c. 9 
-27.3 
-2L. 8 
-& L 
-24.6 
-29.1 
-29.5 
-29; 1 

- 

These values show that  t h e  e n e r s  associated with tbe  s o q t i o n  of ;!e%?.a??ol 
on coels  i s  small compared t.o energies due t o  cheinicai reacbions ziti, a s  Tolntsd 
ont i n  the discussion of the  r a t e  equation, a r e  probably due t o  hpi rogsr ;  'condhg. 
TheFa seems t o  be no corre1dtio;l of these values x i t h  the  rank sf the  coai.  

The sorpt ion of  rtiethanol on coal takes  place in . two steps.  
adsorption of methanol inolecules on t o  t h e  sllrfae of t h e  coal  i n  3 wLtiizger 
ranner. 
the  coal  substance. 
smll com2ared t o  the t o t a l  nwnber of s i t e s  responsible f o r  sorpt ion s ince the 
second order  rate equation i s  obeyed dwing  ';he e n t i r e  sc rp t ion  process. 

(1) ?he 

(2) Migration of t h e  moleculss f rom the  surface iE5o t h e  in t e r lo r  of 
The f i r s t  s tep  i s  rap id  and th5  nunber of s i t e s  involved i s  

The migration of t h e  methanol molecules i n t o  t h e  i n t e r i o r  occurs 
pr imari ly  f ro3  only one t 3 ~ e  of surface site. This s i te  i r a ~  be hoidiiig z i t h e r  
one, Lwo o r  three methanol molecules, depending o n  t h e  rank o f  t h e  coei s a q l e .  
As t h e  rank of t h e  coal  increases iron? l igrAta  t o  b i t d n o u s ,  the t;Te o f  s i t e  
determiring changes from a s ixface s i t e  holding one mthano l  molecule t o  a SUT- 
face s i te  holding three methanol molscules. This change i s  re la ted  t o  thaj ' ree  
energy changes f o r  methanol sorpt ion caused by the coa l i f ice t ion  process. 

The males of s i t e s  per g r m  o f  coal, A,  x s p o n s i b l e  f o r  methanol sorp- 
t i o n  cai? be calculated from t h e  equilibrium sorption i so therm The value oi A 



decreases a s  t h e  rad.! of t h e  coal  increases  and it  was found t h a t  A c a r i e s  d i r e c t l y  
with t h e  oxygen content of t h e  coal,  0, i n  moles per gram according t o  the reia- 
t ionship  A = 0.667 (C).  Since t h e  oxygen content of coal  cannot be obtained 
dj-rectly by a n a l y t i c d  ~r.=am, And i s  obtained by difference,  %ne sorpt ion o f  sethano1 
oil coa l  might be used es a means of determining oxygen d i rec t ly .  

. The v a r i a t i o n  o f  the  value of 4. with the rank of t h e  coal  i s  consister,t I 

- e i t h e r  i so la ted  o r  i n  conjunction with a carbonyl group. This  i s  corroborated by I 

1 

8 

with t h e  hypothesis t h a t  t h e  s i tes  rsaponzible f o r  aorpt ion a r e  hydro.uyl groups 

t h e  energies  derived from the  sorp t ion  d a t a  w'hich show that; t h e  type of bonding 
which occurs during methanol sorpt ion i s  probably hydrogen bonding. The loss of 
o.q-gen i n  coal  during t h e  c o a l i f i c a t i o n  process occurs i n  such a manner t h a t  f o r  
every two h y d r o q l  groups l o s t  one o ther  type of oxygen group i s  a l s o  lost .  The 
loss of oxygen i n  t h i s  nvlner  i s  q u i t s  s p e c i f i c  and f u r t h e r  i n w s t i g a t i o n s  along 
these  l i n e s  &gilt provide quant i ta t ive  da ta  concerning t h e  coa l i f ica t ion .  process. 

This communication has been abstracted frcm the  t h e s i s  of  George Gstap- 

I 

I 

chenko subrfitted t o  t h e  Graduate School, Carnegie I n s t i t u t e  of Technolo*, i n  
p a r t i a l  fu l f i l lment  of the requirements f o r  t h e  degree, Doctor of  Philosophy. 
The authors wish t o  acknowledge and tnank BCZ, Inc. and t h e  Coal Research Board, 
Commonwealth of ?ennsylvania, f o r  furnishing samples and a n a l y t i c a l  d2ta Toi- the  
K i t t a m i n g  and l r e e p o r t  coals. 
Pittsburgh-Consolici=tion -Coal Co., forsunFles of Hendrix a d  Noundsville coals. 
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