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INTRODUCTION 

The G i e s e l e r  method(') of measuring t h e  f l u i d i t y  of  c o a l  h a s  long  been 
a parameter  used by t h e  s t e e l  i n d u s t r y  f o r  t h e  e v a l u a t i o n  of  coke oven feeds tocks .  
T h i s  a n a l y t i c a l  t echnique  i n  which t h e  r o t a t i o n a l  speed of  a r a b b l e  arm s t i r r e r  
he ld  i n  a packed sample of  ground c o a l  i s  measured a s  i t  i s  t w i s t e d  w i t h  a known 
t o r q u e  whi le  t h e  sample i s  hea ted  t h r o u g h  t h e  p l a s t i c  r a n g e ,  i s  a measure of t h e  
pseudo v i s c o s i t y  of  t h e  molten or semi-molten c o a l .  

The i n t e r e s t  i n  r e c e n t  y e a r s  i n  t h e  g a s i f i c a t i o n  of E a s t e r n  U.S. bi tumi-  
nous c o a l s  h a s  l e d  t o  concern over  p o t e n t i a l  coking  and handl ing  problems of t h e s e  
c o a l s  a s  t h e y  a r e  fed t o  t h e  g a s i f i e r .  Conoco 's  e x p e r i e n c e  w i t h  t h e  g a s i f i c a t i o n  
o f  two h ighly  f l u i d  E a s t e r n  c o a l s  d u r i n g  t h e  DOE sponsored Technica l  Support  
Program f o r  t h e  B r i t i s h  Gas/Lurgi s l a g g i n g  g a s i f i e r  p r o j e c t  suggested t h a t  t h e s e  
c o a l s  demonst ra te  s i g n i f i c a n t l y  d i f f e r e n t  coking and f l u i d i t y  p r o p e r t i e s  under  
g a s i f i e r  c o n d i t i o n s  t h a n  they  do a t  s tandard  a tmospher ic  c o n d i t i o n s .  Hence Conoco 
began a program f o r  t h e  e v a l u a t i o n  o f  g a s i f i e r  f e e d s t o c k s  which i n c l u d e s  examining 
t h e  coking p r o p e r t i e s  a t  s imula ted  g a s i f i e r  c o n d i t i o n s .  

A s  a p a r t  of t h i s  o v e r a l l  program Conoco h a s  designed and b u i l t  a p r e s -  
s u r i z e d  Gieseler Plas tometer  i n  which it i s  p o s s i b l e  t o  measure t h e  f l u i d i t y  of 
c o a l s  i n  a tmospheres  o f  any d e s i r e d  composi t ion  and a t  t o t a l  p r e s s u r e s  up t o  450  
p s i g .  The i n i t i a l  s e r i e s  of tests i n  t h i s  a p p a r a t u s ,  r e p o r t e d  h e r e ,  i s  a s tudy of 
t h e  e f f e c t  of  n i t r o g e n  and hydrogen p r e s s u r e  on t h e  f l u i d i t y  of a P i t t s b u r g h  No. 8 
seam c o a l .  Ni t rogen  was chosen a s  a n  " i n e r t "  g a s  t o  examine only t h e  e f f e c t  of 
t o t a l  p r e s s u r e  while  hydrogen - probably  t h e  most r e a c t i v e  g a s  i n  a g a s i f i e r  - was 
chosen  a s  a f i r s t  approximation t o  a g a s i f i e r  g a s .  

EXPERIMENTAL 

Appara tus  -- 
The b a s i c  a p p a r a t u s  c o n s i s t s  o f  a S tandard  I n s t r u m e n t a t i o n  Model P-11R 

r e s e a r c h  v e r s i o n  G i e s e l e r  P l a s t o m e t e r  w i t h  t h e  measuring head and s o l d e r  p o t  
mounted i n  a p r e s s u r e  v e s s e l  and t h e  a s s o c i a t e d  e l e c t r o n i c s  l o c a t e d  e x t e r n a l l y .  
F i g u r e  1 i s  a d e s i g n  drawing of  t h e  a p p a r a t u s .  The p r e s s u r e  v e s s e l  i s  f a b r i c a t e d  
from a 30" long ,  10" d i a  schedule  4 0  p i p e ,  capped a t  t h e  bottom and f l a n g e d  a t  t h e  
t o p .  A s o l d e r  p o t  r e s t s  on a p e r f o r a t e d  s t e e l  p l a t e  a t  t h e  bottom and t h e  measur- 
i n g  head and c r u c i b l e  assembly a r e  suspended from t h e  t o p  f l a n g e .  A s i g h t  gauge 
i s  provided t o  i n s u r e  p r o p e r  a l ignment  d u r i n g  t h e  lower ing  of  t h e  c r u c i b l e  i n t o  
t h e  s o l d e r  p o t .  

E l e c t r i c a l  l e a d s  a r e  passed  i n t o  t h e  p r e s s u r e  s h e l l  th rough conax 
p r e s s u r e  s e a l  f i t t i n g s .  The v e s s e l  i s  p r e s s u r i z e d  through a h a l f  i n c h  i n l e t  p o r t  
and t h e  p r e s s u r e  i s  monitored d u r i n g  a r u n  v i a  a 0-600 p s i g  p r e s s u r e  i n d i c a t o r .  
The v e s s e l  h a s  a p r e s s u r e  r e l i e f  v a l v e  s e t  a t  approximately 5 5 0  p s i g  t o  i n s u r e  
a g a i n s t  a c c i d e n t a l  over  p r e s s u r i z a t i o n .  F igure  2 i s  a f low diagram f o r  t h e  pres -  
s u r i z e d  G i e s e l e r  p l a s t o m e t e r  a t  Conoco Coal  Development Company. 
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P r o c e d u r e  

The c o a l  i s  sampled, ground and packed i n t o  t h e  c r u c i b l e  i n  t h e  s tandard  
The packed c r u c i b l e  assembly i s  t h e n  connected t o  t h e  measuring head manner.(') 

and t h e  whole assembly i s  lowered,  a long  w i t h  t h e  a t t a c h e d  top  f l a n g e ,  i n t o  t h e  
p r e s s u r e  v e s s e l .  When t h e  f l a n g e  i s  f l u s h  w i t h  t h e  t o p  t h e  c r u c i b l e  i s  a t  t h e  
p r o p e r  p o s i t i o n  i n  t h e  s o l d e r  b a t h  which i s  prehea ted  t o  320'C. 
t h e  f lange  i s  s e a l e d  and t h e  v e s s e l  evacuated .  The v e s s e l  i s  p r e s s u r i z e d  w i t h  t h e  
d e s i r e d  g a s  and, a s  soon as  t h e  s o l d e r  Pot  tempera ture  r e c o v e r s  t o  32OoC, t h e  run  
i s  begun. 

A f t e r  lowering,  

The sample i s  hea ted  a t  a Cons tan t  r a t e ,  normally 3OC/min, and t h e  r o t a -  
t i o n  of  t h e  r a b b l e  arm s t i r r e r  i s  c o n s t a n t l y  monitored and i s  p r i n t e d  out  e a c h  
minute .  The u n i t  o f  d i a l  d i v i s i o n s  p e r  minute  (DDPM) which is a c t u a l l y  100 times 
t h e  r o t a t i o n a l  speed i n  RPM a r e  t h e  s t a n d a r d  G i e s e l e r  f l u i d i t y  u n i t s .  

A s  t h e  c o a l  sample i s  hea ted  it b e g i n s  t o  s o f t e n  and t h e  stirrer b e g i n s  
t o  r o t a t e .  The p o i n t  a t  which t h i s  o c c u r s  i s  c a l l e d  t h e  s o f t e n i n g  tempera ture ,  Ts.  
F u r t h e r  hea t ing  t h e  sample l e a d s  t o  a n  i n c r e a s e  of  t h e  s t i r r e r  r o t a t i o n  u n t i l  t h e  
maximum r a t e  i s  reached  a t  t h e  t e m p e r a t u r e  of maximum f l u i d i t y ,  TM. F i n a l l y  a s  
t h e  tempera ture  of t h e  c o a l  i s  r a i s e d  p a s t  TM t h e  f l u i d i t y  b e g i n s  t o  d e c r e a s e  
u n t i l  t h e  tempera ture  o f  r e s o l i d i f i c a t i o n ,  TR, i s  reached .  A t  t h i s  p o i n t  a l l  
s t i r r e r  r o t a t i o n  s t o p s  and t h e  sample i s  normally f u l l y  coked. 

A t  t h e  end of a run t h e  v e s s e l  is  d e p r e s s u r i z e d  and t h e  sample, c r u c i b l e  
and head assembly are removed f o r  c l e a n i n g .  
hours .  

R e s u l t s  and D i s c u s s i o n  

A complete  run r e q u i r e s  about  1.5-2  

The c o a l  used  i n  t h i s  work was from Montour No. 1 mine and i s  a h i g h  
v o l a t i l e ,  h i g h l y  c a k i n g  E a s t e r n  U.S .  b i tuminous  c o a l  from t h e  P i t t s b u r g h  No. 8 
seam. The r u n  of mine (ROM) c o a l  was screened a t  3/4" and only  t h e  washed +3/4" 
lumps were used i n  t h i s  work. The c o a l  was s t o r e d  i n  a sea led  p l a s t i c  bag and 
was ground f o r  t h e  G i e s e l e r  work j u s t  p r i o r  t o  use. Table  1 shows the proximate 
and u l t i m a t e  a n a l y s e s  of t h i s  c o a l  t o g e t h e r  w i t h  t h e  energy c o n t e n t ,  t h e  s tandard  
G i e s e l e r  f l u i d i t y  and F r e e  Swel l ing  Index  (FSI) . 

A t o t a l  o f  44 r u n s  were made i n  t h i s  s tudy ,  2 3  with  p r e p u r i f i e d  n i t r o g e n  
and 21 with  hydrogen. The r e s u l t s  of  t h e s e  exper iments  a r e  g i v e n  i n  Table  2.  The 
f l u i d i t y  g i v e n  a t  e a c h  p o i n t  is  t h e  a v e r a g e  of  t h e  maximum f l u i d i t y  v a l u e  from a t  
least two r u n s  and f o r  the u n p r e s s u r i z e d  c a s e s ,  f o u r  r u n s .  The agreement between 
d u p l i c a t e  r u n s  was a lways  b e t t e r  t h a n  i 10%. 

S i n c e  the maximum f l u i d i t y  o b t a i n a b l e  a t  s t a n d a r d  G i e s e l e r  c o n d i t i o n s  Of 

1 . 4 0  o z - i n  (141 gm.cm) o f  t o r q u e  i s  about  28,000 most o f  t h e  d a t a  obta ined  here  
were a t  l o w e r  t o r q u e  s e t t i n g s  o f  e i t h e r  0.45  o z - i n  (45 g-cm) or 0.30 o z . i n  (30 
g-cm).  A l l  t h e  d a t a  r e p o r t e d  i n  t e r m s  o f  t h e  s tandard  t o r q u e  va lue .  This  v a l u e  
was o b t a i n e d  by m u l t i p l y i n g  t h e  measured f l u i d i t y  by the r a t i o  of  s tandard  t o r q u e  
t o  t h e  torque  v a l u e  a c t u a l l y  used ( i . e . ,  3.11 or 4 . 6 7  f o r  t h e  t w o  c a s e s  i n  t h i s  
work). When d u p l i c a t e  r u n s  were made u s i n g  the d i f f e r e n t  t o r q u e  s e t t i n g s  t h e  
agreement between t h e  c o r r e c t e d  f l u i d i t i e s  was a s  good a s  t h a t  ob ta ined  for 
d u p l i c a t e  r u n s  a t  t h e  same t o r q u e  s e t t i n g .  T h i s  s u g g e s t s  t h a t ,  a t  l e a s t  i n  t h e  
c a s e  of h i g h l y  f l u i d  coals, a c o a l  i n  i t s  p l a s t i c  s t a t e  may resemble a Newtonian 
1 i q u i d  . 

I f  it is p o s s i b l e  t o  t r e a t  t h i s  c o a l  a s  a Newtonian l i q u i d  we can ,  by 
c a l i b r a t i o n  of o u r  p l a s t o m e t e r  c r u c i b l e  and stirrer w i t h  v i s c o s i t y  s t a n d a r d s ,  
e s t i m a t e  t h e  v i s c o s i t y  o f  t h e  c o a l  i n  i t s  p l a s t i c  s t a t e .  Such c a l i b r a t i o n  g i v e s  
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t h e  f o l l o w i n g  r e l a t i o n s h i p  between "pseudo" v i s c o s i t y ,  (po ise)  and f l u i d i t y ,  F 
(DDPM) . 

l o g i o Q =  - l o g l o F  + 7.257 1) 

T h i s  s u g g e s t s  t h a t  t h e  apparent  v i s c o s i t y  o f  t h e  Montour N o .  4 c o a l  used i n  t h i s  
work, a t  t h e  tempera ture  of  i t s  maximum f l u i d i t y ,  l i e s  between about  170 and ZOO0 
p o i s e .  

F igure  3,  a p l o t  o f  t h e  d a t a  i n  Table  2 c l e a r l y  shows t h e  e f f e c t  t h a t  
p r e s s u r e  h a s  on  t h e  maximum f l u i d i t y  o f  t h i s  p a r t i c u l a r  c o a l .  I n i t i a l l y ,  t h e  
f l u i d i t y  i s  increased  q u i t e  r a p i d l y  by r a i s i n g  t h e  p r e s s u r e  o f  b o t h  hydrogen and 
n i t r o g e n ,  however, whi le  t h e  e f f e c t  i s  seen t o  c o n t i n u e  almost  l i n e a r l y  for t h e  
hydrogen p r e s s u r e ,  t h e  n i t r o g e n  p r e s s u r e  h a s  only a l i m i t e d  e f f e c t  above about  
100 p s i g .  
who made a s i m i l a r  s tudy f o r  t h e  medium f l u i d i t y ,  weakly caking  Akabira  c o a l .  The 
i n i t i a l  l a r g e  i n c r e a s e  i n  maximum f l u i d i t y  w i t h  p r e s s u r e  i s  probably  due t o  t h e  
r e t a r d e d  r a t e  of v o l a t i l e  e v o l u t i o n .  With t h e  more v o l a t i l e  and hence presumably 
l e s s  v i s c o u s  components he ld  i n  t h e  " p l a s t i c "  c o a l  l o n g e r ,  an i n c r e a s e  i n  maximum 
f l u i d i t y  i s  l o g i c a l .  

These e f f o r t s  a r e  c o n s i s t e n t  w i t h  those observed by Kaiho and Toda(') 

Another ,  a l t h o u g h  seemingly l e s s  l i k e l y ,  p o s s i b i l i t y  f o r  t h e  i n c r e a s e d  
f l u i d i t y  is  t h e  i n c r e a s e d  d i s s o l u t i o n  of  t h e  g a s  used and/or c o a l  g a s e s  i n  t h e  c o a l  
l i q u i d s  which may l e a d  t o  a d e c r e a s e  i n  t h e  v i s c o s i t y  of  t h e  c o a l  system and hence 
t o  a n  i n c r e a s e  i n  t h e  f l u i d i t y .  The h i g h e r  f l u i d i t i e s  observed w i t h  n i t r o g e n  vs .  
hydrogen i n  t h e  range 0-150 p s i g  may be a n  exper imenta l  a r t i f a c t  caused by s l i g h t l y  
lower h e a t i n g  r a t e s  f o r  t h e  hydrogen c a s e s  due t o  t h e  h igher  thermal  c o n d u c t i v i t y  
of  hydrogen. I t  is  known t h a t  h e a t i n g  r a t e  i s  d i r e c t l y  r e l a t e d  t o  t h e  f l u i d i t y  of  
c e r t a i n  c o a l s . ( 3 )  

A s  t h e  p r e s s u r e  of t h e  i n e r t  g a s ,  n i t r o g e n ,  i s  f u r t h e r  i n c r e a s e d ,  t h e  
l e v e l i n g  o f f  of t h e  f l u i d i t y  may be due  t o  approaching t h e  l i m i t s  o f  t h e  e f f e c t  of 
p r e s s u r e  a l o n e  on f l u i d i t y .  P o s s i b l y  p r e s s u r e s  of 100-150 p s i g  a r e  s u f f i c i e n t  t o  
r e t a r d  t h e  escape  o f  v o l a t i l e s  u n t i l  t h e  p l a s t i c  c o a l  h a s  reached i t s  tempera ture  
of maximum f l u i d i t y .  Above t h e s e  p r e s s u r e s  it a p p e a r s  t h a t  any a d d i t i o n a l  v o l a -  
t i l e s  which a r e  t rapped  have l i t t l e  e f f e c t  on t h e  f l u i d i t y .  

The much more d r a m a t i c  e f f e c t  of  hydrogen p r e s s u r e  on t h e  maximum 
f l u i d i t y ,  F igure  3 ,  i s  probably  due t o  r e a c t i o n s  between t h e  hydrogen and compo- 
n e n t s  i n  t h e  c o a l  a s  w e l l  a s  t h e  r e t a r d a t i o n  of v o l a t i l e  escape .  T h i s  observed  
hydrogen e f f e c t  i s ,  of  c o u r s e ,  c o n s i s t e n t  w i t h  t h e  l i q u e f a c t i o n  of  c o a l  by v e r y  
h igh  p r e s s u r e s  e 2000 p s i g )  of  hydrogen a t  approximately t h e  t e m p e r a t u r e  of  
maximum f l u i d i t y .  

While t h e  p r e s s u r e  h a s  a major e f f e c t  on t h e  maximum f l u i d i t y  o f  t h e  
c o a l  it shows almost  no r e l a t i o n  t o  t h e  tempera ture  of  maximum f l u i d i t y .  A l s o  no 
e f f e c t  of p r e s s u r e  on t h e  s o f t e n i n g  p o i n t  or t h e  r e s o l i d i f i c a t i o n  tempera ture  was 
observed.  Throughout t h i s  work t h e  s o f t e n i n g  tempera ture  was 360 &5OC, t h e  
s o l i d i f i c a t i o n  tempera ture  was 475 * 5OC and t h e  tempera ture  of  maximum f l u i d i t y  
was 435 i 5OC. 
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Prox ima te  A n a l y s i s  
M O I S t U r e  
Ash 
V o l a t i l e  M a t t e r  

TABLE 1, - 
A n a l y s i s  Of Montour NO. 4 Coal  

U l t i m a t e  A n a l y s i s  (Dry Basis) 
C (8) 
H (8)  
N (%) 
s (8)  
0 (BY D i f f . )  (%) 

U l t i m a t e  A n a l y s i s  (MAF) 
C (8 )  
H (%) 
N (%I 
s (B) 
0 (By D i f f . )  (k, 

Energy  Con ten t  (Dry B a s i s )  
HW (BLu/lb) 

F r e e  S w e l l i n g  Index  

F l u i d i t y  (DDPM) 

1.69 
6 .97  

38 .79  

76.81 
5.16 
1 . 7 3  
1.35 
7 .98  

82.67 
5.55 
1 .86  
1 .46  
8 .46  

14 .110  

7-1/2 

9300 

TABLE 2 - 
F l u i d i t y  o f  Montour NO. 4  C o a l  i n  Ni t rogen  and Hydrogen Atmospheres  

Cas 

N i t r o g e n  

Hydrogen 

p r e s s u r e  
(psig) 

0 
50 

100 
150  
200 
250 
300 
350 
400 

0 
50 

100 
1 5 0  
200 
250  
300 
350 
400 

9,300 
22 .300  
38 ,800  
44 ,600  
46 .800  
48 ,100  

51.200 
51.900 

49.100 

9 ,400  
19.400 
34 ,700  
40,w0 
51.100 
65,900 
80.800 
95,100 

1 0 4 , 9 0 0  

(1) F l U i d i t y  rounded to n e a r e s t  103 DDPM based on average of a t  l e a s t  2 
mea Nrement  9. 

A l l  runs a t  3 * . l °C/nin h e a t i n g  r a t e .  
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