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The petrographic e n t i t i e s ,  which or ig ina te  from the  vegetat ion making up 
coal ,  he lp  t o  e s t a b l i s h  t h e  proper t ies  of coal  t h a t  influence i t s  mining, prepa- 
r a t ion ,  and use.  Consequently, t h e  proper t ies  of these  e n t i t i e s  should be known 
if t h e  p o t e n t i a l  u s e  of petrographic  techniques and of t h e  coal  i t s e l f  i s  t o  be 
made. Various physical  and chemical proper t ies  of coals  have been determined wi th  
s i g n i f i c a n t  contr ibut ions t o  t h e  bas ic  knowledge of coa l  and with p r a c t i c a l  appl i -  
ca t ion  i n  industry,  p a r t i c u l a r l y  in  t h e  carbonizat ion of coal .  To fu r the r  exp lo i t  

p roper t ies .  I n  the  i n i t i a l  phase, t h e  v i t r i n o i d s  of d i f f e ren t  rank coals  were 
chosen for t h i s  study s ince  v i t r i n o i d s  are the  most abundant and eas i e s t  e n t i t y  t o  
obtain from coal .  

t h e s e  e n t i t i e s ,  a study was i n i t i a t e d  t o  determine cheir  pyro ly t ic  and p l a s t i c  #= 

The thermal-decomposition behavior of e n t i t i e s  has been v i s u a l l y  examined 
i n  t h e  hot -s tage  microscope. These observations a r e  mostly qua l i t a t ive .  To obtain 
nore q u a n t i t a t i v e  r e su l t s ,  t h e  authors  used a thermogravimetric balance (thermo- 
balance)  t o  determine t h e  p y r o l y t i c  proper t ies  of t h e  v i t r ino ids .  
which has been used s a t i s f a c t o r i l y  by numerous invest igators , l ,2 ,3 ,4)* was se lec ted  
because it continuously records t h e  weight and temperature o f  t he  sample i n  respec t  
t o  t ime as  the sample is  heated automatical ly .  

The thermobalance, 

When coa l  is heated, it not  only d e v o l a t i l i z e d  but  a lso becomes f l u i d .  
Consequently, the p l a s t i c  p r o p e r t i e s  of coal  have been assoc ia ted  with i t s  pyro ly t ic  
proper t ies .  By using t h e  rate of d e v o l a t i l i z a t i o n  and p l a s t i c  proper t ies ,  
Russel l5)  ,e l a i n e d  th coking pressure  developed by coal  blends.  Van Krevelin,  3 ,  

cepts  of coa l  s t ruc tu re  and t h e  mechanism of carbonization. 
p r o p e r t i e s  of t h e  v i t r i n o i d s  were obtained when possible ,  t o  determine t h e  r e l a t ion -  
sh ips  t h a t  e x i s t  with t h e i r  p y r o l y t i c  proper t ies .  

Berkowitz, I ;ip and Brown8) used t h e  p y r o l y t i c  and p l a s t i c  proper t ies  t o  present  con- 
The r e l a t i v e  p l a s t i c  

This  paper presents  t h e  r e s u l t s  of t h e  thermogravimetric s tudy on v i t r ino ids  
of var ious rank coals and t h e  r e l a t i o n s h i p s  of these  r e s u l t s  t o  t h e  rank and p l a s t i c  
p r o p e r t i e s  of  t h e  v i t r ino ids .  

Materials and Experimental Work 

_--- 

The samples, high i n  v i t r i n o i d s ,  were s e l e c t e d  from coking coals  repre-  
s e n t i n g  d i f f e r e n t  ranks of coa l .  Because v i t r ino ids  can be dis t inguished from t h e  r 

other  coa l  e n t i t i e s  by t h e i r  b r i g h t  l u s t e r  in  banded coals ,  t h e s e  b r i g h t  bands were 
removed wi th  a t a b l e  saw. The samples were then se lec ted  from These specimens with 
a d i s s e c t i n g  needle under a magnifying glass .  These samples, l i s t e d  i n  Table I, 

,, 

* See References ,,/ 
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were then  pulver ized t o  100 percent  minus 60 mesh. The vola t i le -mat te r  content o f  
t h e s e  samples, determined by s tandard procedures (ASTM Tes t  Designation D 271-58), 
a r e  included i n  Table I. 
used a t  t h e  U. S. S t e e l  Corporation's Applied Research Laboratory (ARL)9) a r e  shown 
i n  Table 11. These analyses ind ica te  t h a t  t h e  samples contained high concentrations 
of v i t r i n o i d s .  Only Wellington and Donegan coa l  samples contained less than 90 per-  
cen t  v i t r i no ids ,  bu t  even they  contained more than 83 percent .  The average r e f l e c t -  
ances were also determined on these  samples, Table I. 

The petrographic analyses conducted b y  the  procedures 

The d e v o l a t i l i z a t i o n  measured by t h e  weight loss was determined on a Stanton 
thermogravimetric balance , Model TR-1. This thermobalance continuously records t h e  
temperature and t h e  weight of t h e  samples t h a t  were automatical ly  heated at a rate 
of 6 degress C p e r  minute. The 0.5-gram sample was contained i n  a s i l i c a  c ruc ib le  
supported by a s i l i c a  weighing mechanism at tached t o  t h e  balance and heated by a 
tube furnace.  The balance is sens i t i ve  t o  1 milligram. 

The p l a s t i c  proper t ies  were determined i n  the  Giese le r '  Plastometer by t h e  
The r e s u l t s  of t h e s e  s tandard procedures used i n  ASTM Tes t  Designation D 1812-6m. 

t e s t s  a r e  l i s t e d  in  Table 111. The amount of sample was l i m i t e d  and, therefore ,  
only s i n g l e  tests were made. Furtheirnore, t h e  stirrer broke loose  on some of t h e  
low-rank coals  and no values could be obtained. 

Resul ts  and Discussion 

The da ta  obtained from t h e  thermobalance show the cumulative deight l o s ses  
a t  corresponding temperatures.  
The i n i t i a l  l e v e l  of weight loss r e f l e c t s  t h e  t o t a l  moisture content  and amount of 
occluded gas i n  each sample, t h e  low-rank coals  containing high percentages of 
inherent  moisture.  In all samples t h e  weight loss increased s l i g h t l y  f o r  a shor t  
t ime a f t e r  t he  f i r s t  d e v o l a t i l i z a t i o n ;  t h e  temperature of che i n i t i a l  d e v o l a t i l i z a t i o n  
increased with t h e  rank of v i t r i n o i d s .  Very rap id  d e v o l a t i l i z a t i o n  then occurred 
f o r  a considerable  t ime (about 100 minutes) u n t i l  t h e  w e i g h t  l o s s  gradual ly  decreased. 
Most of t h e  v o l a t i l e  mat ter  w a s  driven o f f  by the time t h e  temperature reached 900 C .  

These "S"-type curves a r e  presented i n  Figure 1. 

To obtain addi t iona l  information, t h e  d i f f e r e n t i a l  pyro lys i s  curves were 
then determined f r o m t h e s e  da ta .  
wi th  respec t  t o  temperature a r e  shom i n  Figure 2. The maximum rates of devola- 
t i l i z a t i o n  f o r  t h e  low-volat i le  coals  a r e  lower than those f o r  The h i g h - v o l a t i l e  
coals .  A summary of t h e  maximum r a t e  of d e v o l a t i l i z a t i o n  and the  temperature of 
t h i s  maximum r a t e  i s  l i s t e d  i n  Table IV. The r e l a t i o n s h i p  between t h e  maximum r a t e  
of d e v o l a t i l i z a t i o n  and v o l a t i l e  matter is  shown i n  Figure 3. This r e l a t i o n s h i p  
appears t o  s u b s t a n t i a t e  published r e s u l t s  which show t h a t  maximum d e v o l a t i l i z a t i o n  
r a t e s  are obtained with coal  containing about 35 percent vo la t i le -mat te r  content .  3 )  
High-rank coals  have much l e s s  v o l a t i l e  matter and, therefore ,  would be expected t o  
have low r a t e s  of maximum d e v o l a t i l i z a t i o n .  However, s ince  t h e  low-rank high- 
v o l a t i l e  coals  decompose a t  t h e  lower temperatures because of t h e i r  a l i p h a t i c  
s t ruc tu re ,  t h e  d e v o l a t i l i z a t i o n  i s  d i s t r i b u t e d  over a longer  initial time o r  temper- 
a t u r e  range; therefore ,  t h e  maximum rate would decrease a f t e r  a c e r t a i n  rank coa l  
was reached. 

The graphs t h a t  show t h e  r a t e  of d e v o l a t i l i z a t i o n  

The r e s u l t s  a l so  ind ica te  t h a t  t h e  temperature of maximum r a t e  of devola- 
t i l i z a t i o n  increased as t h e  rank of t h e  coal  increased. A good c o r r e l a t i o n  i s  shown 
in Figure 4 where average re f lec tance  is used as a rank parameter. A similar cor re-  
l a t i o n  is  shown in Figure 5 where v o l a t i l e  mat ter  i s  used. 

Because p l a s t i c  proper t ies  a r e  r e l a t e d  t o  rank, the  temperature of maximum 
f l u i d i t y  was r e l a t e d  t o  the  temperature of maximum rate of d e v o l a t i l i z a t i o n .  
r e l a t ionsh ip ,  shown i n  Figure 6, indicated a difference of about 50 degrees C between 

This  
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chese va lues .  PU li  hed 7.70rk on whole- coals ind ica tes  Ghat these-values should be 
about t h e  s a m e . 3 ~ ~ , 7 7  However, t h e  d a t a  reported by  van Krevelenj)  show t h a t  t h e  
d i f fe rence  of j degrees pe r  minuce i n  t h e  hea t ing  r a t e  would account f o r  about 20 
degrees i n  t h e  temperature of the maximum r a t e ,  s ince  the  f a s t e r  t he  hea t ing  r a t e  
t he  h igher  t h e  temperature. 

The p l a s t i c  p rope r t i e s  and thermogravimetric analyses ind ica t e  t h a t  t h e  
v i t r i n o i d s  s t a r t  t o  decompose before  t h e y  sof ten .  However, t h e  r ap id  devo la t i l i za t ion  
occurs at Lemperatures h igher  than  the  sof ten ing  poin t  f o r  coal.  In  these  v i t r i n o i d  
samples, t h e  maximum f l u i d i t y  as measured in t h e  Giese le r  Plastometer occurred before 
the  maximum r a t e  of d e v o l a t i l i z a t i o n .  The re l a t ionsh ips  found i n  t h i s  s tudy  ind ica t e  
t h a t  t h e  thermal-decomposition c h a r a c t e r i s t i c s  can be estimated from t h e  rank and 
p l a s t i c  proper t ies  o f  t he  coa l .  

Summary: 

The r e s u l t s  o f  t h i s  s tudy  ind ica ted  t h a t  t h e  v i t r i n o i d s  s t a r t e d  t o  decom- 
pose before  t h e y  became f l u i d .  The i n i t i a l  temperature of devo la t i l i za t ion  increased 
as t h e  rank of t he  sample increased. Rapid devo la t i l i za t ion  then occurred a f t e r  t he  
coa l  sof tened .  From t he  d i f f e r e n t i a l  pyro lys i s  curves, a good co r re l a t ion  was 
obtained between the  temperature of maximum r a t e  of devolac i l i -a t ion  and The rank of 
coa l .  The maximum r a t e  appears t o  be g rea t e s t  f o r  coa ls  concaining v o l a t i l e  matter 
(dry  b a s i s )  of about 35 percent .  The maximum f l u i d i t y  of t h e  v i t r i n o i d s  was reached 
s h o r t l y  before  t h e  temperature of maximum-rate devo la t i l i za t ion ,  and a good re lac ion-  
sh ip  was found between t h e  temperature of maximum f l u i d i t y  and t h e  temperature of maximum 
r a t e  of devolat  i l i z a t  ion.  

The r e l a t ionsh ips  obta ined  i n  t h i s  study ind ica t e  t h a t  t he  pyro ly t ic  proper- 
' L i e s  of  coa l  can be es t imated  from i t s  rank and p l a s t i c  p rope r t i e s .  This informaGion 
should be use fu l  t o  shor what changes occur t o  coa l  when heated in  t h e  various 
processes used i n  industry.  
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Tabie 111 

P l a s t i c  Proper t ies  of Vitr inoids* 

Sample 

Sunnys ide 

Maximum F l u i d i t y  
ddpnrX+ a t  

Temperature Range, C 
Sof ten ing  S o l i d i f i c a t i o n  

High-Splint 100 433 355 472 

Sewell 16,300 443 385 485 

Colorado Medium-Volatile 3 30 459 390 498 

Pocahontas No. 3 4 32 466 397 499 

Colorado Low -Volat i l e  80 467 401 503 

* S t i r r e r  broke loose on all I l l i n o i s  coa ls .  
# D i a l  d iv is ions  per  minute. 

Table  N 

Summary of Thermogravimetric Analyses 

Sample 

I l l i n o i s  No. 6 

Herr in  No. 6 "C" 

Sunnyside 

.Herr in  No. 6 "B" 

High-Splint 

Sewell  

Colorado Medium-Volat i l e  

Pocahontas No. 3 

Maximum Weight Temperature of Maximum 
Rate Loss, $ Weight Rate Loss, 

per  minute C 

0.54 

0.47 

0.67 

0.48 

0.60 

0.64 

0.40 

0.40 

463 

480 

475 . 
490 

483 

Colorado Low-Volat i l e  0-37 5 30 
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