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e.__ 

Although an thrac i te  i s  no longer as important a meta l lurg ica l  f u e l  as formerly, i t s  
chemical and physical  p roper t ies  as w e l l  as t h e  advantageous loca t ion  of t h e  an thrac i te  
f i e l d s  make consideration of i t s  u s e  as a metal lurgical  f u e l  imperative. 
u s e  raw anthraci te  as  a f u e l  f o r  b l a s t  furnace and cupola operat ions have shown it t o  be 
less s a t i s f a c t o r y  than coke. The major l i m i t a t i o n  i n  t h e  u s e  of a n t h r a c i t e  i n  t h e  metal- 
lu rg ica l  industry i s  i t s  tendency t o  decrepi ta te  when subjected t o  extreme temperature - 
gradients .  The ex ten t  of t h i s  decrepi ta t ion  v a r i e s  depending upon t h e  heat ing conditions 
and the nature of t h e  coal .  The decrepi ta t ion  of anthraci te ,  when subjected t o  thermal 
shock, i s  believed t o  be caused by several  f a c t o r s  including rapid moisture and v o l a t i l e  
matter evolution, c r y s t a l l i t e  growth and d i f f e r e n t i a l  expansion of a n t h r a c i t e  laminations 
(see Delvaux e t  a l ,  1957, Eckerd e t  a l ,  1957, and Nelson e t  a l ,  1958). Decrepitation i s  
the occurrence of one or a combination of these fac tors  r e s u l t i n g  i n  an i n t e r n a l  pressure 
i n  excess of tha t  required t o  overcome t h e  physical  s t rength  of t h e  mater ia l .  The thermal 
decrepi ta t ion,  then, i s  a d i s in tegra t ion  of the  a n t h r a c i t e  when subjected t o  high tempera- 
tu res  which cause excessive pressure drops during cupola and b l a s t  furnace operation 
resu l t ing  i n  r e s t r i c t e d  gas and air flow i n  t h e  s tock column. The decrepi ta t ion  process 
of anthraci te  is t h e  t o t a l  e f f e c t  r e s u l t i n g  from a series of reac t ions  which are dependent 
upon t h e  physical and chemical proper t ies  of the  coal, and one g r a i n  of an thrac i te  may 
or may not produce a product of physical  s t rength  comparable t o  another under i d e n t i c a l  
thermal conditions. 

Attempts t o  

A n  informative review of  previous work i n  t h i s  f i e l d  (Nelson e t  a l ,  1958) shows t h a t  
invest igat ion of an thrac i te  decrepi ta t ion  has been concerned pr imar i ly  with the  t r e a t i n g  
of lump coal. However, i t  i s  f e l t  t h a t  d i s rupt ion  of equal importance occurs when small 
s i z e  p a r t i c l e s  are involved. This i s  of s ign i f icance  because of t h e  poss ib le  e f f e c t  of 
such f rac tur ing  on t h e  s t rength  of a metal lurgical  coke produced with an thrac i te  i n  t h e  
blend. 
d i s t i n c t  an thrac i te  p a r t i c l e s  under thermal stress. 

Thus;an inves t iga t ion  w a s  undertaken t o  determine t h e  behavior of  petrographical ly  

Equipment and Methods of Invest igat ion 
0 To adequately study t h e  decrepi ta t ion  phenomena of small p a r t i c l e s  a Lei tz  0-1000 C. 

heat ing stage was employed. This s tage  w a s  mounted on a Lei tz  Panphot microscope which 
i s  equipped with o p t i c s  t o  allow observation with oblique i l lumina t ion  a t  28.5 t o  137.5 
diameters. Vert ical  i l lumina t ion  i s  poss ib le  i n  t h e  42x t o  5 6 2 . 5 ~  range. The objec t ives  
giving the f i r s t  range a r e  most o f t e n  employed because of  t h e i r  long working dis tance 
and therefore  they a r e  s a f e r  from a n y  de le te r ious  e f f e c t s  of high,femperatures: The rate 
of heating i s  control led manually and temperatures a r e  read d i r e c t l y  on a "direct-readi&' 
galvanometer. The instrument a s  used i s  shown i n  P l a t e  I. A close-up of t h e  micro- 
furnace i s  shown as P l a t e  11. 
open window, on a quar tz  specimen holder. 
showed t h a t  a l l  coa ls  studied could be  readi ly  shown t o  cons is t  of. four  types of p a r t i c l e s .  
These a re :  1 )  a b r i g h t  p a r t i c l e ,  having a v i t reous  l u s t e r  and exhib i t ing  conchoidal 
f r a c t u r e ;  2) a d u l l  p a r t i c l e  with a m a t t e  surface and i r r e g u l a r  f r a c t u r e ;  3 ) . a  mixture 
of one and two as  more or less a l t e r n a t i n g  bands; and 4) gra ins  having a fibrous, porous 
s t r u c t u r e  and appearing l i k e  charcoal. 

A gra in  of an thrac i te  Can be seen i n  place, through an 
Preliminary examination of an thrac i te  p a r t i c l e s  

For these four  l i tho types  the terms v i t r a i n ,  
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durain, c l a r a i n  and fusa in  have been t e n t a t i v e l y  employed. 
are shown on P l a t e  111. 

The mater ia l s  se lec ted  f o r  s tudy were t a k e n  from the  p l u s  2 inch f r a c t i o n  of channel 
The seams represented are t h e  middle s p l i t  of t h e  Mammoth Seam and the  Primrose 

Representative gra in  types 

samples. 
Seam, both from Northumberland County, Pennsylvania, and t h e  Buck Mountain Seam from 
Schuykill County, Pennsylvania. 
c i t e s  A, E and C. 

In  the  order  presented they a re  re fer red  t o  as anthra- 

Two p a r t i c l e  s i z e s  were s e l e c t e d  for study, 1 0  x 14 mesh and 6 x 10 mesh. The 
an thrac i tes  were subjected t o  thg following experimental gondi t ions:  1) gradual heat ing 
t o  temperatures ranging from 500 C. t o  approximately 1000 C. at varying heat ing r a t e s ;  
2)  shock hea t ing  a t  temperatures ranging from 300 C. t o  approximately 1000°C. f o r  varying 
t i m e s  and with d i f f e r e n t  p a r t i c l e  sizes; and 3) preheating t o  varying temperatures p r i o r .  
t o  shock heat ing.  

0 

Effect  o f  Heating R a t e  on Decrepitation ----- 
Invest igat ions were c a r r i e d  out  concerning t h e  e f f e c t  of heat ing rate on decrepita- 

t ion .  Table 1 shows the r e l a t i o n  between t h e  temperature at which decrepi ta t ion  f i r s t  
v i s i b l y  occurred'and the  hea t ing  r a t e .  In t h e  absence of a program cont ro l le r  heating 
rates less than 5'C. per minute w e r e  not accurately attainable. 
performed w i t h  c l a r a i n  grains .  The maximum temperatures employed were i n  t h e  range of 
92OoC. t o  96OoC. 
observable decrepi ta t ion,  although a t  t h e  higher  hea t ing  rates t h e  decrepi ta t ion  did 
cons is ten t ly  occur i n i t i a l l y  at  a higher  ,temperature. 

These experiments were 

These f igures  show no s i g n i f i c a n t  r e l a t i o n  between heat ing r a t e  and 

Table 1 

Effect  of Beating R a t e  on the  Temperature t Which 

Heating Rate Temperature a t  which Visible  Decrepitation 
(OC./min.) F i r s t  Occurred (OC.) 

B Decrepi ta t ion Flrst Visibly Occurred 

5 750 
10 800 
15 600 
20 650 
40 67 5 
50 800 
57 800 
70 800 
78 ( a f t e r  cooling) 

'Experiments c a r r i e d  out on the +2" f r a c t i o n  o f  "Anthracite B" 

Most of t h e  work done on t h e  e f f e c t  of gradual heat ing was with c l a r a i n  p a r t i c l e s  
because . t h e  o t h e r  petrographic  ent i t ies  of t h e  an thrac i te  used, v i t r a i n ,  durain, and 
fusain, underwent no v i s i b l e  d e c r e p i t a t i o n  whatever when subjected t o  heat ing r a t e s  
varging from 25OC. per minute t o  63OC. p e r  minute t o  maximum temperatures of  94OoC. t o  
980 C. However, while no d e c r e p i t a t i o n  i n  fusa in  p a r t i c l e s G s  observed, these  par t i -  
cles a f t e r  treatment were much weaker than before and w e r e  very e a s i l y  crushed. 

An attempt .was made t o  c o r r e l a t e  change i n  w e i g h t  of t h e  p a r t i c l e s  due t o  heat ing 
with thermal decrepi ta t ion.  The existence of such a re la t ionship  seems reasonable i n  
view of the believed causes of  decrepi ta t ion ,  i n  p a r t i c u l a r  rap id  evolut ion of moisture 

"Anthracite 8" subjected t o  h e a t i n g  r a t e s  of  5OC. p e r  minute t o  78 C. , p e r  minute. 
1 shows no d e f i n i t e  r e l a t i o n  between weight change due t o  heating and heat ing ra te ,  
e i t h e r  with or without segrega t ion  according t o  range of p a r t i c l e  s ize ,  although a 

. and v o l a t i l e  matter. These experiments w e r e  car r ied  out  with c l a r g n  p a r t i c l e s  of 
Figure 
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general decrease i n  weight loss occurs for increasing hea t ing  r a t e s .  

A general decrease i n  f r i a b i l i t y  a t  low heat ing r a t e s  is i n  accord-with pr ior  inves- 
t i g a t i o n s  (Grace and Jackson, 1954; Jackson and Grace, 1954; Geller et al ,  1955) which 
reasoned tha t  lower hea t ing  r a t e s  permit s u f f i c i e n t  t i m e  f o r  t h e  gases t o  escape without 
developing c r i t i c a l . g a s  pressures  within t h e  coal  s t r u c t u r e  g r e a t e r  than those s u f f i c i e n t  
t o  overcome the physical s t rength  of t h e  mater ia l .  Recent work (Delvaux e t  al, 1957) 
has reported an i n i t i a l  rise i n  f r i a b i l i t y  at low hea t ing  r a t e s .  

Ef fec t  of Shock Heat on Decrepi ta t ion ----- 
The d i f f e r e n t  petrographic e n t i t i e s  s tudied were subjected t o  shock hea t  treatment 

a t  temperatures varying from 50OoC. t o  970°C., the  t i m e  of shock h e a t  varying from 10 t o  
15 minutes. Table 2 and P l a t e  I V  show t h e  r e s u l t s  of t h i s  work. Durain and v i t r a i n  
f i r s t  demonstrated observable decrepi ta t ion  when s u b j e c t e d - t o  shock heat  a t  95OOC. 
Although fusain showed no v i s i b l e  cracking u n t i l  shock hea t  at  95OOC. , the  t r e a t e d  product 
i n  each case of shock heat  a t  lower temperatures was so ppwdery and e a s i l y  crushed t h a t  
i t  was concluded t h a t  decrepi ta t ion  had occurred t o  a g r e a t  ex ten t .  
only e n t i t y  t o  undergo v i s i b l e  decrepi ta t ion  at  a shock heat  temperature below 95OoC., 
doing so a t  SOO°C. 

Clarain was t h e  

The decreoi ta t ion  which c l a r a i n  underweat was more immediate and more ' 

violent  than t h a t  of the  o ther  e n t i t i e s .  

Table 2 
1 Effec t  of Shock Heat on V i s i b l e  Decrepi ta t ion 

Temperature of 
Shock Heat OC. V i  t r a i n  Durain Fusain - 

500 None Visible  ,None v i s i b l e  No v i s i b l e  ,crack: 
ing occurred but 
t r e a t e d  product 
e a s i l y  crushed 

11 - 11 600 None v i s i b l e  None v i s i b l e  

700 Xone v i s i b l e  None v i s i b l e  

800 None v i s i b l e  None v i s i b l e  

I t  

11 1 

950 Vis ib le  crack- Visible  Visible  crack- 

of gra in  
ing and s p l i t t i n g  cracking ing  

C 1  ar a i n  

No-ne vi_sible, :- 

None v i s i b l e  

None v i s i b l e  

Grain s p l i t  i n  
ha l f  immediately 
on placing i n  
furnace 

Immediate crack- 
ing and s p l i t t i n g  
occurred 

Experiments car r ied  out on t h e  +2" f r a c t i o n  o f  "Anthracite B" 
1 

P l a t e  I V  shows petrographic  p a r t i c l e s  before any treatment and t h e  r e s u l t i n g  products 
a f t e r  subject ion t o  shock heat  a t  var ious temperatures. These p a r t i c l e s  were a l l  shock 
heated f o r  10 t o  15 minutes i n  a ni t rogen atmosphere. 

Clarain was se lec ted  f o r  more d e t a i l e d  s tudy under thermal shock condi t ions on t h e  
bas i s  of t h e  r e s u l t s  presented i n  t h e  preceeding paragraphs which i n d i c a t e  a more 
observable decrepi ta t ion  present  i n  these than i n  the  o ther  p a r t i c l e s .  
within a weight range of  1 t o  8 milligrams from Anthraci tes  A, B and C were subjected t o  
shock hea t  treatment. Figure 2 shows t h e  r e l a t i o n  between l o s s  of weight and shock heat  
temperature. For each s e r i e s  of experiments except Anthraci te  B(2) t h e  c r i t i c a l  tempera- 
t u r e  ( the temperature above which f u r t h e r  increases  i n  shock heat  temperature produce a 
s igni f icant  increase i n  decrepi ta t ion)  i s  i n  t h e  range of 625OC. t o  675OC. Anthracites 
A and B underwent v i s i b l e  decrepi ta t ion  i n  a l l  but a very few experiments on shock 
heat ing a t  70OoC. or grea ter ,  while Anthraci te  A showed almost no observable cracking 

Clarain p a r t i c l e s  
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even a t  900°C, 
tendency f o r  t h e  l i g h t  v i t r a i n  bands t o  blend i n t o  and become indis t inguishable  from the 
d u l l  durain background. 

A t  the  h igher  temperatures of shock heat  (7OO0C.- and above) there  was a 

Experiments were run varying t h e  time of shock heat  i n  an attempt t o  determine 
whether decrepi ta t ion  i s  pr imar i ly  an immediate phenomenon o r  one dependent upon time 
of exposure t o  heat .  While t h e  degree t o  which a given an thrac i te  w i l l  fragment or 
decrepi ta te  var ies  depending on the heat ing condi t ions and t h e  nature  of t h e  coal, c larain 
p a r t i c l e s  of "Anthracite B" were chosen because of t h e i r  tendency t o  readi ly  undergo 
decrepi ta t ion.  Although there  i s  a general d i s p a r i t y  of r e s u l t s  as shown by Figure 3, 
the  t rend shows t h a t  a t  t h e  shock hea t  temperature employed, 800°C., decrepi ta t ion as 
r e l a t e d  t o  t h e  weight loss i s  not  an e n t i r e l y  immediate e f f e c t .  
shown i n  Figure 3 resu l ted  i n  cracking immediately on placing t h e  c la ra in  gra in  i n  the  
furnace a t  8OO0C., but i n  severa l  cases no cracks were v i s i b l e  un t i l  the e n t i r e  heating 
per iod was completed. 

Many of the experiments 

A l i k e l y  source of the  wide d i f fe rence  of percent w e i g h t  l o s s  i n  Figure 3 ( in  
p a r t i c u l a r  a t  10, 15 and 25 minutes) a s  w e l l  as  i n  t h e  o ther  weight l o s s  calculat ions 
is the  necessi ty  of working with very s m a l l  q u a n t i t i e s ,  of  t h e  order  of 1,5 t o  15 m i l l i -  
grams, from which it follows t h a t  a difference i n  weight of 2/10 of one milligram can cause 
a d i f fe rence  i n  weight l o s t  of from 13 percent down t o  1 percent, depending on the s ize  
of the  p a r t i c l e  examined. 

Ef fec t  of P a r t i c l e  Size on Decrepitation -- 
As considerable work had been done i n  t h e  p a s t  on t h e  e f f e c t  of s i z e  of anthraci te  

on decrepi ta t ion,  an i n v e s t i g a t i o n  was made i n t o  t h e  r e l a t i o n  between p a r t i c l e  s i z e  and 
thermal decrepi ta t ion  f o r  each of t h e  petrographic e n t i t i e s  being s tudied.  Figures 4 
and 5 show t h e  r e l a t i o n  between loss i n  weight due t o  heat ing and t h e  o r i g i n a l  p a r t i c l e  
weight. Although the amount of  weight l o s t  increased i n  each case with t h e  p a r t i c l e  
s i z e  (Figure 4), the  percent  loss  (Figure 5),with the  exception of durain, e i t h e r  
remained near ly  the  same o r  decreased with increasing p a r t i c l e  s ize .  These r e s u l t s  are  
cont ra ry  t o  evidence reported by previous workers (Wright e t  a l ,  1941; Delvaux e t  a l ,  
1957; Eckerd and Tenney, 1957; Anthraci te  I n s t i t u t e )  who found t h a t  the degree of 
decrepi ta t ion  increases  with t h e  size of the coal. There a r e  two relevant  d i s t inc t ions  
between the  pas t  work and t h a t  c a r r i e d  out i n  the i n s t a n t  inves t iga t ion :  1 )  a l l  past  
work w a s  performed with lump s i z e  coal  while t h i s  inves t iga t ion  d e a l t  so le ly  with much 
smaller  s ized p a r t i c l e s ;  2)  t h e  previous s tud ies  were of an thrac i te  as  "whole coal", 
while t h i s  work was concerned w i t h  t h e  petrographical ly  d i s t i n c t  e n t i t i e s  of anthraci te .  

A concept of ten  used t o  e x p l a i n  t h e  increased decrepi ta t ion  of l a r g e r  sized anthra- 
c i t e  i s  t h a t  t h e  increased sur face  a rea  indicates  a less dense s t r u c t u r e  and hence lesser  
s t rength.  
p a r t i c l e  s i z e  i s  accompanied by increased surface area, t h e  sizes of a l l  t h e  p a r t i c l e s  
are so s m a l l  as  t o  render any d i f fe rence  i n  decrepi ta t ion  due s o l e l y  t o  p a r t i c l e  s i z e  
nominal. 

This would seem t o  have a minimum of a p p l i c a b i l i t y  here  where, though increased 

The study of an thrac i te  decrepi ta t ion  on a petrographic  bas i s  causes another d i s t inc-  
t i o n  t o  be made. 
e n t i t i e s  may show e i t h e r  no change or even a decrease i n  decrepi ta t ion  f o r  increased 
p a r t i c l e  s ize ,  an increase i n  decrepi ta t ion  which t h e  other  e n t i t y  may undergo could be 
more than s u f f i c i e n t  t o  o f f s e t  t h e  t o t a l  decrease of the  other  e n t i t i e s  and cause the  
an thrac i te  t o  s u f f e r  a net  increase  i n  decrepi ta t ion  with increased p a r t i c l e  s ize .  Due 
t o  t h e  heterogeneous na ture  of coal, t h e  decrepi ta t ion  c h a r a c t e r i s t i c s  of one an thrac i te  
need have no necessary r e l a t i o n  t o  those of another an thrac i te  (Figure 2 ) .  

For a given an thrac i te ,  though two o r  even three  of the  four petrographic 

This inves t iga t ion  does not  purport  t o  show t h a t  decrepi ta t ion  does not increase 
o v e r a l l  w i t h  increasing size of  anthraci te ,  but r a t h e r  t h a t  a t  t h e  smaller leve l  no 

I 
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increase  was noted within t h e  petrographic e n t i t i e s  with the  exception of durain (Figure 
5). i .- 

Effec t  of Preheat Treatment 0" Decrepi ta t ion --- 
Several p r i o r  inves t iga t ions  have noted t h a t  an thrac i te  which has been subject  t o  

gradual heat ing showed a reduced tendency t o  decrepi ta te  when subjected t o  extreme 
temperature gradients  (Miroshnichenko, 1938; Skomorochov, 1938; Clendenin e t  a l ,  1945; 
Erenburg, 1954). Work at The Pennsylvania S t a t e  Universi ty  (Delvaux et a l ,  1957) 
ind ica tes  t h a t  a c r i t i c a l  hea t ing  r a t e  e x i s t s  f o r  each an thrac i te  which i f  exceeded 
r e s u l t s  i n  increased decrepi ta t ion.  Also ind ica ted  i s  t h e  exis tence of a c r i t i c a l  
temperature l e v e l .  Once t h i s  i s  reached, t h e  r a t e  of heat ing does not e f f e c t  decrepi ta-  
t ion .  
determined conclusively. 

Neither the  c r i t i c a l  heat ing rate nor t h e  c r i t i c a l  temperature has  as  yet been 

The previous work re fer red  t o  was car r ied  out with lump s i z e  an thrac i te  while t h e  
present  study was confined t o  smaller sized petrographic e n t i t i e s  of an thrac i te .  Prev- 
ious ex eriments had preheazed t o  r e l a t i v e l y  high temperatures at  low heat ing r a t e s :  
t o  1400 C. a t  a r a t e  of 1 .3  C. per  minute (Miroshnichenko, 1938; Skomorochov, 1938), 
and t o  140OOC. a t  a r a t e  of 5OC. t o  6OC. p e r  minute (Erenburg, 1954). 
reduce t h e  required proFess t i m e  as well as the  cost  of pretreatment, higher  r a t e s  of 
heat ing t o  lower ul t imate  temperatures were invest igated.  

8 
I n  an attempt t o  

For these experiments c l a r a i n  p a r t i c l e s  of "Anthracite B" were chosen. The p a r t i c l e s  
were subjected t o  preheat treatment a t  a uniform heat ing r a t e  (14OC. per  minute) the  
preheating being c a r r i e d  out  t o  varying temperatures. The p a r t i c l e s  were then cooled 
and each subjected t o  thermal shock a t  900°C. 
presented as Table 3 and P l a t e  V, show t h a t  preheat ing t h e  gra ins  t o  900°C. p r i o r  t o  
shock heat  d e f i n i t e l y  reduced t h e  v i s i b l e  decrepi ta t ion  t o  a marked ex ten t .  More d a t a  
i s  necessary on preheating each of t h e  petrographic  e n t i t i e s  t o  d i f f e r e n t  m a x i m u m  tempera- 
t u r e s  and p a r t i c u l a r l y  at reduced heat ing rates i n  order  t o  determine t h e  mode as  w e l l  
as the  extent of preheat treatment which w i l l  maximize thermal s t a b i l i t y .  Previous work 
(Clendenin et  a l ,  1945) has shown t h a t  while some coa ls  which had a lower physical  
s t a b i l i t y  before thermal treatment showed an increase i n  s t rength  a f t e r  the  treatment, 
o ther  coals  demonstrated reverse  behavior. Other work (Delvaux e t  a l ,  1957) has even 
indicated t h a t  none of the  supposed causes of decrepi ta t ion ,  v o l a t i l e  mat ter  and moisture 
evolution, and pore s t ruc ture ,  a re  r e a l l y  usefu l  i n  determining t h e  degree of decrepi ta-  
t i o n  which an thrac i te  undergoes when subjected t o  thermal shock, but r a t h e r  t h a t  c e r t a i n  
types of coals ,  as ide  from these c h a r a c t e r i s t i c s ,  a r e  more s t a b l e  than o thers .  The key 
t o  t h i s  problem might w e l l  be i n  ident i fy ing  t h e  decrepi ta t ion  c h a r a c t e r i s t i c s  of t h e  
petrographic  e n t i t i e s  and determining t h e  tendency of t h e  p a r t i c u l a r  an thrac i te  t o  
decrepi ta te  from t h e  decrepi ta t ion  c h a r a c t e r i s t i c s  of t h e  petrographic  e n t i t i e s  and t h e  
r e l a t i v e  amounts of the  various e n t i t i e s  present  i n  t h e  coal. 

The r e s u l t s  of these  inves t iga t ions ,  

Table 3 

Effec t  of Preheat Treatment & Decrepi ta t ion --- 
Maximum Temperature of 
Preheat Treatment (OC. ) 

500 

600 

Observations During Preheat Treatment 

N o  v i s i b l e  decrepi ta t ion  during preheat. 
No immediate cracking on shock heat, but 
a f t e r  3-4 minutes of shock heat ,  v i s i b l e  
decrepi t  at  ion  occurred. 

and Upon Thermal Shock 

N o  v i s i b l e  decrepi ta t ion  during preheat. 
Some immediate, and g r e a t  dea l  of delayed 
cracking occurred upon shock heat. 
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Table 3 (Cont.) 

Maximum Temperature of 
Preheat Treatment (0C.) 

700 

800 

Observations During Preheat Treatment 

N o  v i s i b l e  decrepi ta t ion  during preheat. 
On shock heat  a g r e a t  deal of immediate 
cracking and very l i t t l e  delayed cracking 
took place.  

Few small cracks appeared on preheat. 
No  immediate cracking and very l i t t l e  
delayed cracking on shock heat .  

and Upon Thermal Shock 

900 No v i s i b l e  decrepi ta t ion  occurred e i t h e r  
on preheat treatment or on shock heat ing 

Clarain p a r t i c l e s  of +2" f r a c t i o n  of "Anthracite B" preheated a t  r a t e  of 14OC. per  
minute t o  varying temperatures, cooled, and subjected t o  shock hea t  a t  900°C. f o r  15 
minutes. 

On the  b a s i s  of the experiments performed an attempt has  been made t o  rank the 
petrographic e n t i t i e s  i n  t h e  order  of increasing res i s tance  t o  decrepi ta t ion .  Work 
done on t h e  e f f e c t  of heat ing r a t e  on decrepi ta t ion  ind ica tes  t h a t  fusa in  and c l a r a i n  
decrepi ta te  t o  a grea te r  ex ten t  than v i t r a i n  and durain when subjected t o  gradual 
heat ing . 

V i s u a l  observation of t h e  p a r t i c l e s  when subjected t'o shock heat  as w e l l  as the 
resu l t ing  product (Table 2)  shows t h a t  fusa in  undergoes a g r e a t e r  degree of decrepita- 
t i o n  than any of the o ther  en t i t i es . .  Clarain a l so  decrepi ta tes  t o  a g r e a t e r  extent  
than e i t h e r  v i t r a i n  or durain when subjected t o  shock h e a t ;  t h e  cracking occurs a t  a 
lower temperature of shock hea t  and i s  much more v io len t  than t h a t  exhibi ted by the 
o ther  l i tho types .  

Weight loss gudies  (Figures 4 and 5) show t h a t  fusa in  undergoes a much grea te r  l o s s  
i n  weight than any of the o ther  p a r t i c l e s .  Figures 4 and 5 might be in te rpre ted  as  
showing v i t r a i n  t o  be less resistant t o  decrepi ta t ion  than c la ra in ,  but t h e , r e s u l t s  of 
observing the  p a r t i c l e s  when subjected t o  gradual hea t ing  a t  varying r a t e s  as well as  
shock heat  a t  d i f f e r e n t  temperatures (Table 2) show t h a t  i n  the overa l l  p i c t u r e  c l a r a i n  
i s  much less r e s i s t a n t  t o  thermal decrepi ta t ion  than v i t r a i n .  

The c l a s s i f i c a t i o n  of t h e  petrographic  e n t i t i e s  of "Anthracite B" i n  the order of 
increasing res i s tance  t o  thermal decrepi ta t ion  on t h e  b a s i s  of t h e  inves t iga t ion  would 
be, 1 )  fusain, 2) clarain,  3)  v i t r a i n ,  4) durain. More da ta  would be necessary t o  
e s t a b l i s h  the  var ia t ion  among a n t h r a c i t e s '  of t h e  decrepi ta t ion  which these e n t i t i e s  
undergo. 

Conclusions 

From the work car r ied  out  t h e  following conclusions are drawn: 

1. A decrease i n  weight l o s s  accompanies increasing hea t ing  r a t e s  f o r  the range 

2. The c r i t i c a l  temperature does not  vary s i g n i f i c a n t l y  f o r  the  three  an thrac i tes  

3.  Decrepitation i s  not  an e n t i r e l y  immediate phenomenon, but tends t o  increase 

of heat ing rates employed (Figure 1). 

studied, being i n  the range of  625OC. t o  675OC. (Figure 2 ) .  

as the  t o t a l  heat ing time is  increased (Figure 3) .  

extent  or shows no change with increas ing  p a r t i c l e  s i z e  f o r  t h e  petrographic e n t i t i e s  
s tudied with t h e  exception o f  durain which shows a s l i g h t  increase (Figure 5). 

4. Decrepitation, as  measured by the  weight loss, e i t h e r  decreases t o  a s l i g h t  
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5. Preheating t h e  p a r t i c l e s  p r i o r  t o  shock hea t  reduced t h e  v i s i b l e  d r e c r e p i t a t i o n  
t o  a marked extent .  

6 .  The s tudies  of t h e  petrographic  e n t i t i e s  of  a n t h r a c i t e  i n d i c a t e  a res i s tance  t o  
thermal shock i n  the  increas ing  order  of 1) fusain,  2 )  c la ra in ,  3 )  v i t r a i n ,  4 )  durain. 
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