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INTRODUCTION 

The e f f e c t  of r ad ia t ion  on m a t e r i a l s  i s  a s u b j e c t  which cu r ren t ly  i s  
rzce iv ing  much a t t e n t i o n .  Such s t u d i e s  a r e  important because of  t h e  changes 
induced i n  most m a t e r i a l s  when they a r e  exposed t o  r a d i a t i o n .  
occur by many mechanisns, such as d i s p l a c m e n t  of a t o m  caused by energy absorp- 
t i o n  from inc iden t  p a r t i c l e s ,  i on iza t ion  followed by bond breaking, and forma- 
t i o n  of f r e e  r a d i c a l s .  S tud ie s  o f  t h e  r a d i a t i o n  e f f e c t s  i n  s o l i d s  ind ica t e  
tha t  t h e  use  oE r a d i a t i o n  can  be a powerful t o o l  f o r  i nc reas ing  the  understanding 
of t he  na tu re  of s o l i d s .  

Changes may 

Orsanic- type  ma te r i a l s ,  owing t o  a predominance of convalent bonds 
o r  weak van d e r  Waais Eorces, a r e  more seve re ly  changed o r  degraded than ot!ier 
s o l i d s .  Changes t h a t  may t ake  p lace  i n  ma te r i a l s  a r e  hydrogenation, dehydro- 
gena t ion ,  polymerization, cracking, decomposition, and c ross - l ink ing ,  w i th  t h e  
degree of change depending upon the  type  of r ad ia t ion ,  i n c i d e n t  r a t e  of  r a d i a -  
t i on ,  ex ten t  of r a d i a t i o n  time, chemical composition of ma te r i a l ,  i n i t i a l  s t a t e  
of n a t e r i a l ,  and environment. 

S ince  i t  i s  known t h a t  gamma r a d i a t i o n  can e i t h e r  upgrade or degrade 
c rgan ic  ma te r i a l s ,  a s tudy  of t h e  poss ib l e  e f f e c t s  of  g a m a  r a d i a t i o n  on 
changing t h e  f l u i d i t y  of bituminous coa l  i s  a l o g i c a l  s t e p .  F o r  example, a 
decrease  i n  f l u i d i t y  f o r  c o a l s  high i n  f l u i d i t y  wouid be advantageous, probably 
r e s u l t i n g  in  an inc rease  i n  coke y i e l d  and coke s t r e n g t h .  On t h e  o the r  hand, 
an inc rease  i n  f l u i d i t y  f o r  coa l s  low i n  E lu id i ty  could  r e s u l t  i n  t h e i r  becoming 
s a t i s f a c t s r y  sources  of  coke. 

EXPERIMENTAL 

Coal Samples Used - Eight Pennsylvania bituminous coa l s  were s e l e c t e d  f o r  
study. Proximate and u l t ima te  ana lyses  of t h e  c o a l s  a r e  presented  i n  Tables 
I and 11. 

Coal P repa ra t ion  - The coa l s  were ground t o  -40 mesh and s t o r e d  under a n i -  
t rogen  atmosphere u n t i l  r equ i r ed  f o r  r a d i a t i o n  s t u d i e s .  Approximately 50 
grams of each coa l  were p laced  i n  qua r t z  o r  Pyrex con ta ine r s  ( 4  i n .  long x 
1-1/4  i n .  i n s i d e  diameter) and sea l ed  under each  of t h e  fo l iowing  condi t ions :  

1. Vacuum - t h e  samples were evacuated u n t i l  t he  p re s su re  was less than 
lob Hg and then  sea l ed .  The amount of oxygen a v a i l a b l e  t o  t h e  coa l  was ca. 
2 x 10-6 c c . / g .  
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2. A i r  - t he  samples were sea led  immediately; t hese  con ta ine r s  he ld  air  
i n i t i a l l y  a t  atmospheric pressure .  The amount of oxygen a v a i l a b l e  t o  the coa l  
was ca.  0 . 2  cc . /g .  

1 0 ~  Hg. Oxygen was dosed i n t o  the  con:ainer u n t i l  t he  f i n a l  oxygen p res su re  
was approximately 700 mu. Hg, wi th  t h e  amount of oxygen adsarbea by t h e  coa l  
rrleasured. The conta iners  were then sea l ed .  The amount of oxygen a v a i l a b l e  t o  
the  coa l  was ca.  1.1 cc . /g .  

Radia t ion  S tudies  - For r a d i a t i o n  s t u d i e s ,  t he  sea led  samples were placed i n  a 
40 m i l  t h i ck  cadmium con ta ine r .  Cadmium was used t o  decrease  the  slow neutron 
f l u x  t o  a r e l a t i v e l y  low l eve l ,  s i n c e  it was des i r ed  t o  i r r a d i a t e  the  coa l s  
p r imar i ly  wi th  gamna r a d i a t i o n .  The cadmium conta iner  wi th  5 coal samples w a s  
lowered 4c.n a 3 i n .  diamecer aluminum tube and pos i t ioned  i n  the  Univers i ty  
nucler . . ? ac to r .  We reac to r ,  which can be c l a s s i f i e d  a s  a l i g h t  water cooled, 
l i g t r .  iiacer moderated heterogeneous type, had i t s  f u e l  elements l oca t ed  approx- 
iw. ie ly  20 f e e t  under wa te r .  
( r equ i r ing  about 1 7  hours) w a s  then c a r r i e d  out a t  ambient temperatures*. 
Approximately 90 per  cent of t h e  energy absorbed by t h e  coa l  came from gamma 
rays  and LO per  cent  came from f a s t  neil trons.  

Gas Analys is  - Analysis of  t h e  gas i n  t h e  conta iner  following i r r a d i a t i o n  of 
t h e  c o a l s  was made us ing  gas chromatography. 
t he  conta iner  t o  t he  gas a n a l y s i s  system of t h e  chromatographic u n i t ,  the  gas 
was d r i e d  and i t s  voluuie measured. The gas a n a l y s i s  was performed us ing  e i t h e r  
a 1 5 - f t .  #SA molecular s i e v e  column wi th  argon as a c a r r i e r  gas  or a 6 - f t .  
s i l i c a  g e l  column using helium as a c a r r i e r  gas.  

P l a s t i c i t y  Measurenents - The convent iona l  G iese l e r  apparatus,  modified wi th  
a u x i l i a r y  equipment f o r  b e t t e r  temperature con t ro l  and more accu ra t e  measure- 
ment of  h igh  f l u i d i t y  values,  was used t o  determine p l a s t i c  p r o p e r t i e s  of t h e  
coa l s .  The tests e s s e n t i a l l y  were made using t h e  A.S.T.M. Proposed Method of 
Tes t  ( 1 ) .  However, con t r a ry  t o  recommended procedures,  t h e  brake was not 
app l i ed  when the  d i a l  d i v i s i o n s  exceeded 5 d i v i s i o n s  per  minute.  Ins tead ,  t h e  
stirrer was allowed t o  move cont inuous ly  u n t i l  i t  t r a v e l l e d  a t  least 600 d i a l  
d i v i s i o n s .  For those  c o a l s  where the  s t i r r e r  moved more than  600 d i a l  d i v i -  
s ions ,  t h e  brake was then used according to  the  Prouosed Method of Tes t  ( 1 ) .  
This  procedure was adopted i n  an  attempt t o  break up t h e  f r o t h y  coa l  mass which 
formed (and which would go up i n t o  the  b a r r e l  of t h e  Giese l e r  appara tus  and 
cause s t i c k i n g )  when t e s t i n g  a h ighly  f l u i d  and h ighly  swel l ing  coa l .  

3.  Oxygen - t he  samples were evacuated u n t i l  t he  p re s su re  was less than  

I r r a d i a t i o n  to  a t o t a l  dosage of 3 . 8  x LO8 r ads  

Af t e r  r e l e a s i n g  t h e  gas from 

RESULTS AND DISCUSSION 

Analyses of Gases Evolved From t h e  Coals During I r r a d i a t i o n  - Table 111 p r e -  
s e n t s  da t a  on the t o t a l  amount and a n a l y s i s  of t he  gas evolved from t h e  coa l s  
fo l lowing  i r r a d i a t i o n  i n  vacuum and oxygen; va lues  f o r  t he  ind iv idua l  gases  
a r e  accu ra t e  t o  t5%, With the  present  chromatography appara tus ,  i t  was not  
poss ib l e  t o  determine water vapor ;  t h e  gas  ana lyses ,  t he re fo re ,  a r e  r epor t ed  
on a dry  bas i s .  O t h e r  gases,  such a s  ammonia and the  oxides of  n i t r o g e n  

* During the  i r r a d i a t i o n s ,  i t  is es t imated  t h a t  t h e  temperature i n  t h e  coa l  
con ta ine r s  d i d  not  exceed 40°C. 
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which may be formed dur ing  the  i r r a d i s t i o n ,  were not  analyzed for  i n  the  pre-  
sen t  work. Gas ana lyses  have not been repor ted  f o r  t he  coa l s  i r r a d i a t e d  i n  an 
a i r  atmosphere because the  n i t rogen  formed following i r r a d i a t i o n  vas  a compos- 
i t e  of t h a t  re leased  from the  coa l  and t h a t  added i n i t i a l l y  i n  the a i r .  That 
i s ,  i t  was not poss ib l e  t o  put t he  r e s u l t s  on a b a s i s  of gas r e l eased  from the  
coa l  s i n c e  the re  was some unce r t a in ty  as t o  the  volume of t he  s m p l e  conta iner  
upon sea l ing ,  and hence, unce r t a in ty  a s  t o  t h e  amount of n i t rogen  added i n i -  
t i a l l y .  On the o the r  hand, on the  bas i s  of vacuum-irradiation r e s u l t s ,  no 
f r e e  oxygen was r e l eased  from the  c o a l s .  Hence, i n  t h e  oxygen-irradiation 
runs ( t h e r e  was oxygen found i n  the  gas following i r r a d i a t i o n  fo r  t h ree  of  t h e  
coa l s ) ,  
the  ana lyses  on an oxygen-free b a s i s .  

t he  amount of gas r e l eased  from t h e  coa l  could  be ca l cu la t ed  by p lac ing  

I t  i s  seen from Table 111 t h a t  t he  amount of gas  r e l eased  from the  
coa ls  on i r r a d i a t i o n  a t  ambient temperatures was q u i t e  small  i n  comparison t o  
the  tci.?.l v o l a t i l e  mat te r  conten t  of t h e  c o a l s .  More gas was re leased  con- 
s i s t e n t l y  from t h e  coa l  upon oxygen i r r a d i a t i o n  than  upon vacuum i r r a d i a t i o n ,  
h-iizh t h e  r a t i o  of t he  gas - r e l ease  volumes ranging from 1.8 t o  5.0.  

The presence of an oxygen atmosphere dur ing  i r r a d i a t i o n  i s  seen to  
have a marked (bu t  no t  cons i s t en t )  e f f e c t  on t h e  a n a l y s i s  of the  r e l eased  gas .  
A s  exTected, t he  amount of carbon d ioxide  and carbon monoxide produced w a s  
g r e a t l y  increased  upon oxygen i r r a d i a t i o n .  The fo l lowing  r eac t ions  can be 
respons ib le  f o r  t h e  inc rease  i n  t h e  amount of t hese  two gases:  

0 , w  o + o  
C f  + 0 + C(0) 

C(0) - co 
CO + G + M  -t COB + M  

0 2 + O + M  4 O 3 + M  

C f  + 03 + CO + 02 

I t  i s  noted t h a t  a s i g n i f i c a n t  amount of carbon d ioxide  was also r e l eased  
from t h e  coa l  during vacuum i r r a d i a t i o n .  It is suggested t h a t  t h i s  Carbon 
d ioxide  was a r e s u l t  o f  decarboxyla t ion  of pe r iphe ra l  carboxyl groups on t h e  
coal ( 2 , 3 ) ,  r e l e a s e  of occluded carbon d ioxide  from t h e  f i n e  pore sys ten ,  
and/or ox ida t ion  of methane ( f o r  oxygen i r r a d i a t i o n ) .  The second p o s s i b i l i t y  
w i l l  be considered i n  more d e t a i l  s h o r t l y .  

The e f f e c t  of r a d i a t i o n  and atmosphere on t h e  r e l e a s e  of hydrogen 
from t h e  coa l s  i s  complex. For coa l s  167 and 169, r e l e a s e  of  hydrogen upon 
vacuum i r r a d i a t i o n  was n e g l i g i b l e .  On the  o the r  hand, oxygen i r r a d i a t i o n  
of t hese  t w o  coa ls  r e s u l t e d  in a s u b s t a n t i a l  r e l e a s e  of hydrogen. For t h e  
remainder of t he  coa l s ,  except 166, t he re  was s t i l l  a somewhat g r e a t e r  amount 
of hydrogen r e l eased  upon i r r a d i a t i o n  i n  oxygen than  i n  vacuum. For the  l o w  
v o l a t i l e  coa l ,  166, t h e  amount of hydrogen r e l eased  upon e i t h e r  i r r a d i a t i o n  
i n  vacuum or oxygen was e s s e n t i a l l y  i d e n t i c a l .  

The e f f e c t  of r a d i a t i o n  and atmosphere on’ the  r e l e a s e  of n i t rogen  
from t h e  coa l s  i s  a l so  complex. For coa l  169, t h e  amount of n i t rogen  re- 
l eased  upon oxygen i r r a d i a t i o n  was apprec iab ly  l e s s  than t h a t  r e l eased  upon 
vacuum i r r a d i a t i o n .  On t he  o the r  hand, f o r  t he  o t h e r  seven coa ls ,  oxygen 
i r r a d i a t i o n  r e s u l t e d  i n  the  r e l e a s e  of cons iderably  more n i t rogen  than  d i d  
vacuum i r r a d i a t i o n .  
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From Table 111, i t  i s  seen t h a t  t he  q u a n t i t i e s  of methane and ethane 
produced upon i r r a d i a t i o n  a r e v e r y  smal l .  Again the  r e s u l t s  a r e  complex. For 
methane, oxygen i r r a d i a t i o n  r e s u l t e d  i n  increased  y i e l d s  f o r  coa ls  1 6 7 ,  169, 
A, and B and decreased y i e l d s  f o r  t h e  o ther  four  coa l s .  For ethane, oxygen 
i r r a d i a t i o n  r e s u l t e d  i n  an increased  y i e l d  f o r  coa l  B and a decreased y i e l d  
f o r  coa l s  166, 168, 169, C,  and D. 

Only i n  the case  of coa l s  166, 167, and 168 was the re  any r e s idua l  
oxygen present  a f t e r  oxygen i r r a d i a t i o n .  For these  th ree  coa l s ,  37, 11, and 
22%, r e spec t ive ly ,  of t he  oxygen i n i t i a l l y  present  (approximately 1 . 2  c c . / g .  
of coa l  a t  S . T . P . )  was recovered a s  oxygen following i r r a d i a t i o n .  This sug- 
g e s t s  t h a t  these  coa ls  were e s p e c i a l l y  r e s i s t a n t  t o  oxygen a t t a c k  ( a l s o  sug- 
ges ted  f ron  p l a s t i c i t y  da t a  t o  be presented  l a t e r ) ,  
decrease  i n  oxygen pressure  dur ing  i r r a d i a t i o n ,  t he  oxygen appearing a s  carbon 
d ioxide  -r.d carbon monoxide i n  the  product gas was smal l .  

Considering t h e  l a rge  

A t  t h i s  s tage ,  t h e  e f f e c t  o f  t he  combination of r a d i a t i o n  and oxygen 
a t sosphere  on the  amount of t h e  d i f f e r e n t  gases r e l eased  from the  var ious  coa l s  
i s  not we l l  understood. However, t h e  n i t rogen  r e s u l t s  perhaps permit some 
understanding. Essen t i a l ly ,  t h e  n i t rogen  could come f r o m  t h r e e  sources - 
per iphe ra l  amino groups, c y c l i c  s t r u c t u r e s ,  and occluded n i t rogen  ( A ) .  Radia- 
t i on ,  perhaps, would detach pe r iphe ra l  amino groups from the  coa l  s t r u c t u r e  

I_ ( t h e  abundance of these  groups i n  c o a l  i s  smal l ) ,  these  groups then r eac t ing  
wi th  hydrogen atoms to  produce ammonia ( 2 ) .  However, i n  o the r  i r r a d i a t i o n  
s t u d i e s ,  a s  ye t  unpublished, t h e  au tho r s  have found pure ammonia t o  be q u i t e  
s t a b l e  t o  t h e  r a d i a t i o n  used i n  t h i s  r e sea rch .  For example, f o r  a dosage of  
108 rads,  only ca.  0.G per cen t  of ammonia (at p ressures  between 0.1 and 1 atm.) 
decomposed t o  hydrogen and n i t rogen .  Numerous workers ( 5 )  have shown t h a t  
n i t rogen  present  i n  cyc l i c  groups i n  coa l  i s  l a rge ly  r e s i s t a n t  t o  removal by 
ox ida t ion .  Therefore,  i t  would appear t h a t  the  l a r g e  inc rease  in ni t rogen-  
r e l e a s e  from seven of t h e  coa l s  upon oxygen i r r a d i a t i o n ,  i n  comparison to  
vacuum i r r a d i a t i o n ,  cannot be expla ined  on t h e  bas i s  of n i t rogen- re l ease  from 
c y c l i c  s t r u c t u r e s .  

I t  seems more reasonable  t o  a t t r i b u t e  the  major i ty  of t he  n i t rogen  
coming from t h e  coa ls  t o  occluded n i t rogen .  That i s ,  coa l  is known to  be 
permeated wi th  molecular s i zed  pores ( 6 )  which can t r a p  gases .  Vacuum i r -  
r a d i a t i o n  could r e s u l t  i n  t h e  r e l e a s e  of n i t rogen  from these  pores by two 
mechanisms. F i r s t ,  r a d i a t i o n  could produce a small s t eady- s t a t e  concen t r a t ion  
of n i t r o g e n  atoms, which because of t h e i r  smaller s i z e ,  could migra te  through 
the  molecular openings more  r a p i d l y .  Second, r a d i a t i o n  could inc rease  the  
magnitude of o s c i l l a t i o n s  of some of t h e  atoms i n  t h e  coa l  around the  molecular 
openings, because of t h e i r  c o l l i s o n  wi th  f a s t  neut rons .  This  i nc rease  i n  
magnitude of  o s c i l l a t i o n  would permit a more rap id  t r anspor t  of gas  through 
the  molecular openings(7).  Oxygen i r r a d i a t i o n  of coa l  could r e s u l t  in  the  
r e l e a s e  of more n i t rogen  than  t h a t  r e l e a s e d  during vacuum i r r a d i a t i o n ,  s ince  
s l i g h t  ox ida t ion  of coa l  is known t o  s i g n i f i c a n t l y  inc rease  the s ize  of t h e  
molecular openings (8 ) .  

It is of i n t e r e s t  t o  r e p o r t  some r e s u l t s  lending support  t o  t he  
sugges t ion  t h a t  r a d i a t i o n  d id  enhance the  removal of occluded gas from t h e  
pores of t he  coa l .  P r i o r  t o  t h e  f i l l i n g  of the  quar tz  con ta ine r s  wi th  oxygen 
f o r  i r r a d i a t i o n  s tud ie s ,  t h e  f r e e  space  of t h e  con ta ine r s  (wi th  coa l  present )  
was determined using helium a t  room temperature f o r  seven of t he  c o a l s ,  
Following t h e  de te rmina t ion  of f r e e  space and before f i l l i n g  the  con ta ine r s  
w i th  oxygen, t h e  coa ls  were outgassed a t  room temperature t o  a p re s su re  of 
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l = b 3  Lhan iOu 3g f o r  5 t o  6 hours.  Despi te  t h i s  outgassing: helium w a s  found 
i n  .he product gas fo l lowing  i r r a d i a t i o n  fo r  t h r e e  of  t h e  coa l s  - t he  amount 
rangir.3 from a t r a c e  for coal 168 t o  0.05 c c . / g .  f o r  coa l  B. In the  c a s e  of 
i o a i  3: :he helium cons t i t u t ed  ca .  l 5  per cen t  of t h e  d ry ,  product gas. 

In :he i i g h t  of  the  conclus ions  fo r  t h e  source  of most of t he  n i t r o -  
sen,, i t  i s  a l s o  probable t h a t  some of t h e  carbon d iox ide  ( i n  t h e  vacuum irra- . .  
.I +Laciac) . and hydrogen r e i eased  Prom t h e  coa l s  vas  o r i g i n a l l y  present  a s  
occluded gas .  

.X?e:her i r r a d i a t i o n  in oxygen, r a t h e r  than i n  vacum, is expected 
'I3 decreasz Y r  i nc rease  t:?a amount of methane and ec5ane r-Leased i s  d i f f i c u l t  
:~: pracic::.  :ii-,L?e m?arg?ment of molecular s i z e d  openings dur ing  i r r a d i a t i o n  

: I I Z L ~ ; ~ - ~  . , x i i ? z i o n  c o  c a r t a n  t i o x i d e  and water  would decrease  che i r  concentra- 
. . ... .=I r e l e a s e e  g a s .  3cth e f f e c t s  appear t o  be o?e ra t ive  t o  varying 

- ... .. J .- -..*l:l* ,- ar.hance :ne r e i ease  of these  hydrocarbons.  t h e i r  r a d i a t i o n -  

- .  I.,. - . . clepen:lng upon che coal,  a s  judged from t h e  d a t a  in TabLe 111. 

. .  . . 

: . : : ; t i iLc~ moi Sea ted  Coals Followine I r r a d i a t i o n  - G i e s e l e r  p l a s t i c i t y  d a t a  
:a:? ckcermii?d o ~ .  rhe un i r r ac i a t ed  and i r r a d i a t e d  c o a l s .  A t  l e a s t  t h r e e  
? ia ; ; ic icy  runs were ?orformed on each sample of coa i ,  wi th  the ove r -a l l  pre- 

izc P i g u r e  I. Wnera nore  t h a n  one r e s u l t  is  p re sen ted  f o r  a coa l ,  d u p l i c a t e  
i r r a d i a t i o n s  have been performed. 

. .  - -=&oi l  ., - _  oeing ca .  =L5 per  cen t .  The p l a s t i c i t y  d a t a  a r e  presented  i n  Table IV 

The r e s u l t s  c l e a r l y  show t h a t  i r r a d i a t i o n  i n  vacuum o r  i n  a sub- 
. r i a l  p a r t i a l  p re s su re  of oxygen can  :lave a marked e f f e c t  on t he  subsequent 

L x m  f l u i d i c y  o f  hea ted  bituminous c o a l s .  I r r a d i a c i o n  i n  t h e  presence of 
- -ubs:an:ial p a r t i a l  p re s su re  of oxygen Zenera l iy  had more e f f e c t  on p l a s t i c -  
i i y  c5.m d i d  i r r a o i a t i o n  i n  vacuum. f o r  s i x  of che coa l s ,  vacuum i r r a d i a t i o n  
h i c  a r e l a t i v e l y  small  e f f e c t  on f l u i d i t y .  The except ions  were coa ls  A and B, 
:;here i r r a d i a t i o n  reduced maximum f l u i d i t i e s  by c a .  50 per  cen t .  

F o r  s i x  of t he  coa ls ,  a i r  i r r a d i a t i o n  r e s u l t e d  i n  a s i g n i f i c a n t  
I . .  (ana iil some cases  very la rge)  i nc rease  i n  maximum f l u i d i t y .  For two of t h e  
m a i s  ( a  Low v o l a t i l e  coa l  ana one of t h e  high v o l a t i l e  h coa l s  which showed 
2 s i g n i f i c a n r  decrease  i n  f l u i d i t y  a f t e r  vacuum i r r a d i a t i o n ) ,  a i r  i r r a d i a t i o n  
h id  a n e g l i g i b l e  e f f e c t  on f l u  

T'ne e f f e c t  of  oxygen i r r a d i a t i o n  on t h e  f l u i d i t y  of t he  coa l s  was 
mare v a r i e d .  For f i v e  of the s i x  high v o l a t i l e  A c o a l s ,  oxygen i r r a d i a t i o t  
su :>s tanc ia l ly  lowered the  f l u i d i t y  below t h a t  of :he corresponding uni r rad i ; ted  
c o a l s .  F o r  high v o l a t i l e  A coal  158 and the  medium v o l a t i l e  coal,  oxygen ir- 
:adia:ion increased  t h e  maximum f l u i d i t y  over t h a t  o f  t he  un i r r ad ia t ed  coa l s .  
Oxygen i r r a d i a t i o n  had a n e g l i g i b l e  e f f e c t  on t h e  f l u i d i t y  of t he  low v o l a t i l e  
i o a i .  

It is of  i n t e r e s t  t h a t  major changes i n  ELuidity upon i r r a d i a t i o n  
were noc accom?anied by l a rge  changes in the temperacures a t  whisn t h e  m a s i ~ ~ m  
f l u i d i c y  occurred .  A s  h t y p i c a l  example, cons ider  coa l  A .  The un i r r ad ia t ed  
coa l  :ad a maximum f l u i d i t y  of 397 d.d.p.m. a t  422'C. The m a x i m u m  f l u i d i t y  
of t he  sampie i r r a d i a t e d  in a i r  vas inc reased  narkedly  to 3556 d.d.p.m., bu t  
the  temperature of  maximum f l u i d i t y  remained a t  422 'C.  

The e f f e c t  of  pre-oxida t ion  of c o a l  a t  e l eva ted  temperatures and 
i n  the  absence of r a d i a t i o n  on t h e  subsequent coking q u a l i t i e s  of c o a l  has 
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been widely discussed. Many vorke r s  (9-14) r e p o r t  t h a t  t he  f l u i d i t y  of coa l ,  
a s  measured by the  Giese l e r  p las tometer ,  decreases  following pre-oxida t ion .  
To t h e  au tho r s '  knoviedge, no publ i shed  r e s u l t s  a r e  a v a i l a b l e  which r e p o r t  
t h a t  p re-oxida t ion  i n  t h e  absence of r a d i a t i o n  inc reases  t h e  f l u i d i t y  of coa l .  
However, on the  b a s i s  of t h e  p re sen t  r e s u l t s ,  mild ox ida t ion  ( t h a t  is, wi th  
a l imi t ed  amount of oxygen a v a i l a b l e  t o  r e a c t  w i th  coa l )  promoted by r a d i a t i o n  
can inc rease  markedly t h e  maximum f l u i d i t y  of some cca l s .  Whether t he  same 
e f f e c t s  can be achieved (and a s  p r e c i s e l y )  by mild ox ida t ion  i n  t h e  absence of 
r a d i a t i o n  w i l l  be i n v e s t i g a t e d  on t h e  same coa l s  a s  used i n  t h i s  work. 

Work is a l s o  being cont inued  i n  t h i s  a r e a  d i r e c t e d  toward s tudying  
t h e  e f f e c t  of p r i o r  i r r a d i a t i o n  of coa l  on t h e  na tu re  of t h e  coke and by- 

products produced upon ca rbon iza t ion .  In add i t ion ,  i t  i s  des i r ed  t o  under- 
s tand  t h e  r e l a t i o n s h i p s  between t h e  chemical and phys ica l  p r o p e r t i e s  of coa l s  
and t h e  e f f e c t  of r a d i a t i o n  and atmosphere on t h e i r  subsequent ca rbon iza t ion  
betw.!.)r. As expected, it is no t  p o s s i b l e  on t he  bas i s  of s imple  proximate 
o r  -:rimate ana lyses  t o  p r e d i c t  t h e s e  e f f e c t s .  

CONCLUSIONS 

The e f f e c t  of r a d i a t i o n  on evolved gas  composition and p l a s t i c  
p r o p e r t i e s  of coa l  is found t o  vary  wi th  t h e  coa l  being inves t iga t ed  and 
i r r a d i a t i o n  atmosphere. Lower rank  coa l s  appear t o  be more a f f e c t e d  by the  
combination of r a d i a t i o n  and oxygen atmosphere than  do h igher  rank coa l s .  

By proper s e l e c t i o n  of atmosphere, t oge the r  wi th  r a d i a t i o n ,  t h e  
f l u i d i t y  of coa l s  can be a l t e r e d  t o  marked ex ten t s .  
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TAm I 

PROXMATE ANALYSES (AIR-DRY BASIS) OF COALS USED 

- Coal Z H o i s t u r e  

166 0.9 

167 1.0 

166 0.6 

169 1.9 

h 2.3 

B 1.8 

c 1.8 
D 1.3 

Z V.M. - 
16.2 

26.9 

28.9 

38.4 

38.1 

36 .7  

36.8 

38.2 

3, c. 

73.6 

6 2 .  L 
61.2 

51.9 

53.1 

55.6  

55.2 

5 3 . 4  

- Z Ash - 
9.3 

10.0 

9.3 

1.8 

6.5 

5.9 

6 . 2  

5 . 1  

+ 

A.S .T .X .  b a n k  

Low Voiaci le  

Hed im V o l a t i l e  

3 i g p  V o l a t i i e  A 

High V o l a t i l e  A 

High V o l a t i l e  A 

High Vo1a:ile A 

niph V o l a t i l e  h 

High Volaz i le  A 

.. . 

I 

ULTIMATE ANALYSES OF COALS USZD" 

- C O a l ~ ~ ~ ~ ~ ~  

166 1.06 1.33 3.80 80.59 5.20 8.02 

167 0.92 2.30 4.73 77.86 4.81 9.38 

168 0 .90  1.73 4 . 8 3  78.72 I.50 9 . 3 2  

169 1.45 1 .64  5.07 75.98 7.69 8.17 

* 
U l t i m a t e  a n a l y s e s  of Coals A,  E, C: and D are not 
a v a i l a b l e ,  as y e t .  

i 
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Coal - 
I L6-Vact:cn 
?oo-C:.. ;.., i: 

1 6 i  i 

- , *  

i 6 i - 0  

168-V 
168-0 

169-V 
169-0 

A - V  
A - 0  

B-V 
B-0 

c-v 
c -0 

D - V  
D - 0  

ANALYSES OF GAS EVOLVED FROM COAL (nm BASIS) UFQN IIOUTION 
TO 3.8 x lo8 RADS I N  VACUUM AND OXYGEN 

Volume of Gas 
Released Gas Composition - Per Cent 

c c . 1 ~ .  of coa l ,  S . T . P .  H, N2 CO, CO CH4 C$%j 

0.048 
' 0.192 

0.034 
0.168 

0.036 
e 0.132 

0.050 
0.148 

0.144 
0.264 

0.112 
0.236 

0.064 
0.164 

0.114 
0.314 

36.2 7.2 54.8 T 
8.9 53.2 31.3 6 . 3  

0 . 2  68.9 30.2 T 
26.9 43.5 24.9 4 . 3  

50.4 25.7 19.0 T 
26.1 47.0 20.9 5 .5  

0.1 47.0 45.4 1 . 4  
66.0 3.9 22.3 6 . 4  

71.4 9.1 16 .4  1.8 
56.5 13.2 24.2 5.0 

71.4 10.7 14.5 1 . 3  
53.8 17.2 21.7 5.7 

67.3 11.8 9.0 0.6 
39.3 29.9 22.5 7.6 

76.8 1 . 9  1 1 . 5  1.0 
48.1 29.6 16.3 4.8 

1.5 
0.3 

0 . 7  
0 . 5  

3.6 
0.6 

1.0 
1.4 

1.4 
1.1 

1.6 
1.2 

3 0 . 5  
0 . 7  

5.6 
0 .9  

0 .3  
T 

0.0 
T 

1.4 
T 

5 .1  
0.2 

T 
T 

0.5 
0.5 

0.8 
0.0 

3.2 
0.3 
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TABLE Iv 1 

EITECT OF A RADIATION DOSAGE OF 3.8 X lo8 RADS AND OXYGEN AT AMBIENT 
TEMPERATURES ON THE SUBSEQUENT MAXlMUM FLUIDITY OF BITUMINOUS COALS 

AS DETERMINED BY THE GESELER APFARATUS 

C o a l  

166 
166 -Vacuum 
1 5 6 - A i r  

- 

166-0xygi.i; 

167 
167-i' 
1 6 7 4  
167-A 
167-0 

168 
168-V 
168-V 
168-A 
i 6 a - ~  
168-0 

169 
169-V 
169-V 
169-A 
169-8 
169-0 

A 
A-V 
A-V 
A-A 
A-O 

B 
B-V 
B-A 
B-0 

C 
c-v 
C -A 
c -0 

1 I n i t i a l  S o f t e n i n g  
Temp. "C. 

433 
423 
425 
43 5 

365 
353 
350 
364 
367 

347 
338 
554 
339 
345 
3 56 

342 
357 
337 
337 
344 
370 

348 
347 
350 
344 
373 

347 
351 
349 
372 

345 
3 4 7  
342 
356 

4 
Maximum Fluidity S o l i d i f i c a t i o n  Temp. 

2 3  OC. n.D.P.H. 0 ~ .  
1.4 
1.2 
1.3 
0.6 

451 
610  
822 
935 

1117 

2757 
2530 
1911 
3936 

3651 

1139 
1016 

900 
3193 
3029 

222 

39 7 
177 
190 

3566 
124 

1583 
853 

1484 
701 

3860 

5098 
5207 
6878 
2788 

472 
454 
450 
464 

425 
43 2 
426 
429 
440 

43 2 
427 
428 

4 28 
439 

424 
431 
426 
429 
427 
436 

422 
424 
428 
422 
430 

430 
429 
434 
434 

w4 
426 
423 

> 

428 

438 

494 
4a8 
472 
49 9 

457 
472 
450 
463 
490 

479 
452 
481 
458 
472 
489 

458 
468 
46 0 
462 
465 
46 7 

457 
458 
458 
454 
450 

462 
461 
464 
459 

470 
468 
465 
475 
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'LULE IY. (Contd) 

4 In i t ia l  Softening' Maximum Fluidit)! Sol idif icat ion Temp. 
OC. 

345 1778 421 460 
340 1850 422 451 
344 3461 4 23 456 

D . D . P .  M .  2. O C  . Temp. 'C. 

. 356 1083 430 467 . 

-_  - -.-:<re of f i r s t  detectable continuous movement of pointer 
?. J i a l  divisions p e r  minute on the Gieseler scale  

Temperature of maximum f lu id i ty  corresponding to maximum rate 
of pointer movement 

Temperafure a t  vhich pointer shows no further movement 
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