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INTRODUCTION 

There is considerable i n t e r e s t  i n  t he  production of high BTU gas by coa l  hydro- 

The present study on coa l  hydrogenation 
genation. The Hydrane process ( l ) ,  recently developed by the  U.S. Bureau of Mines, 
involves d i rec t  hydrogenation of r a w  coals.  
using the  d i f f e ren t i a l  scanning calorimetry (DSC) approach is  intended t o  provide some 
information on the  r eac t iv i ty  of representative U.S. raw coals.  Twenty U . S .  r a w  coals 
of d i f f e ren t  rank have been selected f o r  the present study, i n  which hea ts  of reaction 
a t  800 ps ig  of hydrogen and temperatures up t o  57OoC have been measured. 
demineralization of coals upon hea ts  of reaction has a l so  been studied. 

EXPERIMENTAL 

The e f f ec t  of 

A DuPont pressure DSC ce l l  was used i n  conjunction with a c e l l  base Module I and 
a 990 Thermal Analyzer t o  determine thermal e f f e c t s  involved during hydrogenation of 
coals.  DSC scans fo r  various coa ls  (40x70 U.S. standard mesh) were obtained from 
200 t o  57OoC a t  a l i n e a r  heating rate of  5.4"C/min. 
and ca lcu la t ions  have been described elsewhere (2). 

Details of experimental procedure 

RESULTS AND DISCUSSION 

Heats of hydrogenation of d i f f e ren t  coals,  expressed as cal per un i t  weight of 
s t a r t i n g  coal,  are given i n  Table 1. Throughout t he  discussion which follows, carbon 
contents of coal a r e  given on a dry-ash-free (daf) bas i s .  The heat of hydrogenation 
(-AH) increases, i n  general, with decrease i n  coal rank; t he  value varying from about 
7 cal per gram, exothermic, for  an thrac i te  t o  about 150 c a l  per gram, exothermic, fo r  
l i gn i t e s .  

Weight losses  a t  570°C fo r  various coals are included i n  Table 1. It is seen 
tha t  weight l o s s  decreases, i n  general, with increase i n  coal rank. However, i n  the  
case of PSOC 24, weight l o s s  is f a r  grea te r  than tha t  expected from i ts  rank. Weight 
l o s ses  a t  57OOC fo r  various coals are p lo t ted  against  i n t eg ra l  exothermic hea ts  i n  
Figure 1. It is  seen tha t ,  except i n  the  case of PSOC 24 and 95, da t a  points fo r  t he  
rest of t he  coals f i t  on two s t r a igh t  l i n e s  of d i f f e ren t  slopes;  the  two l i n e s  inter-  
sect each other a t  a weight l o s s  of about 45%. 
is seen tha t  weight lobses up t o  45% are cha rac t e r i s t i c  of coals w i t h  a carbon content 
grea te r  than about 82%. For such coals,  each one per cent of weight loss is  seen t o  
correspond t o  evolution of about 1 . 4  cal  per gram weight of s t a r t i n g  coal.  This value 
increases to  about 2 cal per gram for  coa ls  with carbon contents less than 82%. 

Considering t h e  da ta  i n  Table 1, it 

The higher weight loss observed i n  the case of PSOC 24 may be due t o  the  presence 
of a benef ic ia l  ca t a ly t i c  impurity. Out of a l l  the  samples inves t iga ted ,  PSOC 24 
has the  highest p y r i t i c  sulphur content (4.95%. daf ) ;  t h i s  may be responsible fo r  its 
enhanced reac t iv i ty .  However, i n  the case of PSOC 290 which has a p y r i t i c  sulphur 
content of 3.18% (daf),  weight l o s s  corresponds to  tha t  expected on the  bas i s  of  i t s  
rank. DSC and TGA runs on the two coals w e r e  a l so  made a f t e r  p a r t i a l  removal of 
py r i t e  by a f lo t a t ion  technique using a halogenated hydrocarbon of dens i ty  2.85 g/cc. 
Following p a r t i a l  removal of pyr i te ,  both coals exhibit  a s ign i f i can t  decrease i n  
weight loss as well  as exothermic heat (Table 2). 
o r  its reduction products, namely pyr rhot i te  o r  iron, catalyze hydrogenation. 

These r e s u l t s  suggest t h a t  py r i t e  
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Trans i t ion  temperatures, t ha t  is the  temperatures corresponding to  the onset of 

the exotherms, are  p lo t t ed  as a function of carbon content i n  Figure 2. 
temperature is strongly rank dependent, varying from about 230-250°C for  l i g n i t e s  t o  
about 535'C f o r  anthraci te .  The plot  i n  Figure 2 consis ts  of four d i s t i n c t  par ts .  
Coals associated with 63-75% carbon have about the same t r ans i t i on  temperature. A 
sharp increase  in  t r ans i t i on  temperature (about 2OO0C) occurs in 75-80% carbon range. 
Thereafter,  up to  about 90% carbon, the t r ans i t i on  temperature increases only s l i gh t ly .  
A fu r the r  increase i n  t r a n s i t i o n  temperature occurs beyond 90% carbon. It is note- 
worthy tha t  var ia t ion  of t r a n s i t i o n  temperature with carbon content follows essent ia l ly  
the same trend as var ia t ion  of average layer  diameter and number of atoms per layer 
with carbon content (3). 

The t ransi t ion 

The e f f ec t  of demineralization on t r ans i t i on  temperatures and exothermic heats 
fo r  e ight  coa ls  is i l l u s t r a t e d  by da ta  i n  Table 1. It is seen tha t  in the case of 
coals with carbon content less than BOX,  demineralization increases the t r ans i t i on  
temperature and decreases the exothermic heat of reaction. 
t ha t  mineral matter associated with such coals catalyzes hydrogenation. However, i n  
t he  case of coals with carbon contents greater  than about EO%, removal of mineral 
matter decreases the t r a n s i t i o n  temperature and increases the  heat of hydrogenation. 
This is probably due to the f a c t  t ha t  i n  such coals mineral matter removal opens up 
new feeder pores, thus increasing the access ib i l i t y  of hydrogen i n t o  the pore structure.  
The development of addi t iona l  poros i ty  and enhanced access ib i l i t y  t o  act ive s i t e s  
more than o f f se t s  a decrease i n  r eac t iv i ty  which might result from the removal of 
ca t a ly t i ca l ly  act ive mineral matter.  
r eac t iv i ty  of coal chars with air (4). 
decreased gas i f ica t ion  r a t e s  whereas mineral matter removal from an LV bituminous 
coal increased gas i f ica t ion  rates. 

This behavior again suggests 

This is consistent with previous s tudies  on the 
That is, mineral matter removal from l i g n i t e s  
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