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L P r o j e c t  Object i l -e  

The  ob jec t ive  of  t h i s  w o r k  ~s to p r o v i d e  a s i n g l e ,  c o m p r e h e n s i v e  

.~ource o~ da t a  on coa t  conve  r s i o n  s y s t e m s .  T h i s  c o m p i l a t i o n  sha l l  be  

e n t i t l e d  The Coa l  C o n v e r s i o n  S y s t e m s  T e c h n i c a l  Data  Book and s h a l l  

p r o v i d e  u p - t o - d a t e  d a t a  and  i n f o r m a t i o n  f o r  t h e  r e s e a r c h ,  d e v e l o p m e n t ,  

d e s i g n ,  e n g i n e e r i n g ,  and  c ~ n s t r u c t i o n  of  c o a l  c o n v e r s i o n  p r o c e s s e s  a n d / o r  

p l a n t s .  O the r  c o n c u r r e n t  o b j e c t i v e s  ~re  to  ident~A~y t h o s e  a r e a s  w h e r e  

d a t a  a r e  r e q u i r e d  and to sx~o~est r e s e a r c h  p r o g r a m s  t h a t  wi l l  p r o v i d e  t h e  

r equ i  r ed  da ta .  

II. Summary j 

L i q u e f a c t i o n  

We have s t a r t e d  to  a n a l y z e  the  h e a t - t r a n s f e r  c o e f f i c i e ~ s  i n v o l v e d  

in t he  hea t ing  o f  c o a l - o i l  s l u r r i e s  -- an  LtnportanZ a r e a  of  c o a l  liquefa~,-'~ion. 

O C R  rep~.- ts  on coa l  l i q u e f a c t i o n  a r e  a l so  be ing  r e v i e w e d  and  a b s t r a c t e d .  

G a s i f i c a t i o n  

S teaxn-oxygen  gas i~ ica t . ion  c u r v e s -  Ludi~.atLug p e r c e n t  c a r b o n  con -  

v e r s i o n  as  a f unc~on  o f  s o l i d s  r e s i d e n c e  t i m e  f o r  v a r i o u s  o p e r a t i n g  c o n d i -  

Cion~ -" a r e  p r e s e n t e d .  T h e s e  a r e  b a s e d  on the  " s o l i d s  b a c k m / x e d "  m o d e l  
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A c o r r e c t i o n  c h a r t ,  wh ich  g i v e s  a m u l t i p l i c a t i o n  f a c t o r  to  c o n v e r t  t he  r e s i -  

dence  t inge f o r  t h e  so l id s  b a c k e d  m o d e l  t o  t h a t  fo r  " s o l i d s  p lug  f low"  

=-,odel, i s  also g iven .  

F l u i d i z a t i o n  

V a r i o u s  c o r r e l a t i o n s  to e s t i m a t e  t h e  x n i n i m u m  f l u i d i z a t i o n  veloci,~/ 

a r e  be ing  e v a l u a t e d  u~ing the a v a i l a b l e  d a t a  £or coa l  and  o t h e r  s o l i d s  en -  

c o u n t e r e d  in  coal c o n v e r s i o n  p r o c e s s e s .  

Combu-rt ion 

C o r r e l a t i o n s  hav~ been  d e v e l o p e d  to  e s t i m a t e  the  m a x i m u m  h e a t -  

t r a n s f e r  c o e f f i c i e n t  b e t w e e n  a f l u i d i z e d  b e d  and a s u b m e r g e d  s u r f a c e .  

Coal  Prope rl:!es 

P e n n  S t a t e  d a t a  a r e  be ing  e v a l u a t e d  f o r  p o s s i b l e  i n c l u s i o n  i n  the  da ta  

book. 

]~scel".  a n e o u s  

T h e  i n i t i a l  d a t a  book  ou t l i ne  h a s  b e e n  e x t e n d e d  and  s l i g h t l y  m o d i l e d .  

A c o n t a c t  l e t t e r  i s  be ing p r e p a r e d  to  s o l i c i t  g a s i f i c a t i o n  d a t a  £ r o m  

o r g a m z a t i o n s  a c t i v e  in  the  f ie ld .  

We p lan  to f o r m  an a d v i s o r y  c o m m i t t e e  of  r e p r e s e n t a t i v e s  o£ c o m -  

parses  e n g a g e d  i n  coa l  c o n v e r s i o n  a c t i v i t i e s  to  r e v i e w  the  p l a n n i n g  and  

m a t e  r i a l  p r e p a r e d  fo r  t h e  da ta  book ,  

Notice to  R e a d e r s  o£ Open F i l e  

Any conuznents  about  the  m a t e r i a l  p r e s e n t e d  in  t h i s  r e p o r t  o r  s u g g e s -  

t ions  ~bout  t h e  £orxnat  and  the con t en t  o£ t h e  d a t a  book  a s  w e l l  a s  the  

p r i o r l t i e s  o£ t h e  n e e d e d  da ta  a r e  m o s t  w e l c o m e ,  in lease  d i r e c t  a n y  conan~ml-  

c a t i ons  to  M r .  B i p i n  A ~ a u l a  o£ the  O f l i c e  o£ Coa l  R e s e a r c h  (2021634-6643) 
or  to  Dr .  AI T a l w a l k a r  o f  the  I n s t i t u t e  o£ Gas  T e c t m o l o g y  ( 3 1 2 / 2 2 5 - 9 6 0 0 .  

e x t e n s i o n  869). 
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111. W o r k  A c c o m p l i s h e d  

A. I A Q U E F A C T I O N  

I .  L i t e r a t u r e  S e a r c h  

We h a v e  b e g u n  a s e a r c h  of  the  ~.echnicai  l i t e r a t u r e  on  c o a l  l i q u e f a c t i o n  

to  e s t a b l i s h  t he  c u r r e n t  ava i lab i l iD/  o f  d a t a  on  v a r i o u s  a s p e c t s  o f  t h e  c o a l  

l i q u e f a c t i o n  p r o c e s s .  We a r e  s t a r t i n g  w i t h  U.S .  G o v e r n m e n t  OCR. r e p o r t s  

b e c a u s e  t h e s e  g e n e r a l l y  con ta in  the  l a t e s t  and m o s t  c o m p l e t e  d a t a .  A s~Im- 

m a r y  o f  s o m e  o f  t h e  r e s u l t s  o f  o u r  p r e l i n ~ n a r y  s u r v e y  i s  s h o w n  i n  T a b l e  I .  

G e n e r a l l y  s p e a k i n g ,  m u c h  t u / o r m a t i o n  a b o u t  p i lo t  p lan t  d e s i g n s  and  p r o j e c t e d  

d e m o n s t r a t i o n  p l a n t  c o s t  da ta  i s  a v a i l a b l e  f o r  t he  H - C O A L ,  C O E D ,  SRC,  

and S E A C O K E  P r o c e s s e s .  H o w e v e r ,  t he  a m o u n t  of p u b l i s h e d  e x p e r i m e n t a l  

da ta  to  s u p p o r t  t h e s e  d e s i g n s  is qu i t e  sena l l .  

2. H e a t i n g  o f  C o a l - S o l v e n t  M i x t u r e s  

In t h e  c o a l  l i q u e f a c t i o n  p r o c e s s e s ,  t h e  c o a l - s o l v e n t  m i x t u r e s  ( s l u r r i e s  

o r  p a s t e s )  m u s t  b e  h e a t e d  to the  r e a c t i o n  t e m p e r a t u r e ,  e i t h e r  w i t h  o r  wi thou t  

h y d r o g e n .  To m i n i m i z e  o p e r a t i n g  d i f f i c u l t i e s  s u c h  as  coke  f o r z n a t i o n ,  h igh -  

p r e s s u r e  d r o p s ,  and  e x c e s s i v e  t u b e - w a l / t e m p e r a t u r e e ,  i t  i s  e s s e n t i a l  to  

have  s o m e  k n o w l e d g e  o f  the t r a n s p o r t  p r o p e r t i e s ,  h e a t - t r a n s f e r  c o e f f i c i e n t s ,  

and general behavior of the slurries =s a function of temperature. We have 

begun to evaluate information of this nature; ",.he results of the initial survey 

a r e  o u t l i n e d  b e l o w .  

a.  V i s c o s i t y  

C o n s o l i d a t i o n  C o a l  Co. d e t e r n ~ . n e d  t h e  v i s c o s i t y  o f  c o a l - w a t e r  

s l u r r i e s  f o r  i t s  p i p e l i n e  work .  The r e s u l t s  a r e  shown in  F i g u r e  I a n d  

w e r e  t a k e n  f r o m  R e f e r e n c e  4, C o n s o l  a s s u m e d  t ha t  t he  v i s c o s i t y  o f  c o a l  

s l u r r i e s  witch i t s  s t a r t - u p  so lven t  w o u l d  be  p a r a l l e l  to t h a t  o f  t h e  w a t e r -  

s l u r r y  l i ne ,  s t a r t i n g  wi th  the  v i s c o s i t y  o f  t h e  s o l v e n t  a t  0 ~ c o a l ,  a t  t h e  

temperatures shown: 70 °, 310", 400 °, and 530°i;'. 

S a c k s  e t  a l .  s g ive  s o m e  d e t e r m i n a t i o n s  o f  v i s c o s i t y  o f  c o a l  c h a r - w a t e r  

and  oil  s l u r r i e s  a t  ! 0 0 " F  as  z f unc t i on  o f  c h a r  con ten t .  T h e y  a p p e a r  to  be 

o f  s d i f f e r e n t  o r d e r  o f  m a g n i t u d e  f r o m  C o n s o l ' s  data ,  as  s h o w n  in  F i g u r e  2. 

Th i s  m a y  p o s s i b l y  b e  c a u s e d  by  the  p o r o s i t y  o f  c h a r  and  i t s  a b i l i t y  to  ' ; s o a k  

up  '~ the  l iqu id .  
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Figure 3. VLSCOSITY OF COAL PASTE FEED: 36.4% COAL 

C o n s o l ' s  v i s c o s i t y  d a t a  h a v e  b e e n  c o n v e r t e d  t o  a w e i g h t  b a s i s  u s i n g  a 

s p e c i f i c  g r a v i t y  o f  c o a l  o f  1 .35 ,  w h i c h  w a s  a l s o  g i v e n  i n  t h e  s a m e  s o u r c e .  

L a u g h r e y  e t  a L  z and  K a s t e n s  e t  a l .  l b o t h  s h o w  a c u r v e  f o r  t h e  v i s c o s i t y  

of  a c o a l - s o l v e n t - h y d r o g e n  ~ u r e ,  w i t h  3 6 . 4 ~  c o a l  b y  w e i g h t ,  a s  a f t m c t i o n  

o f  t e m p e r a t u r e .  T h i s  c u r v e  ( F i g u r e  3) s h o w s  a h i g h  v i s c o s i t y  f o r  t h e  c o a l -  

s o l v e n t  m i x t u r e  a t  l o w  t e m p e r a t u r e ,  w h i c h  d e c r e a s e s  a s  t h e  t e m p e r a t u r e  

r i s e s  t o  4 0 0 ° F  a n d  t h e n  s u d d e n l y  s h o w s  a s h a r p  r i s e  i n  v i s c o s i t y ,  t o  a v e r y  

h i g h  v e l u e ,  p e a k i n g  a t  a b o u t  6 0 0 ° F  - it t h e n  d e c r e a s e s  a g a i n  a s  t h e  t e m p e r a -  

t u r e  c o n t i n u e s  to  r i s e .  

b .  H e a t - T r a n s f e r  C o e f f i c i e n t s -  T h r e e - l ~ a s e  S ~ r s t e m s  

T h e  c o a l - s o l v e n t  s l u r r y  m a y  b e  h e a t e d  a l o n e  b e f o r e  b e i n g  t r e a t e d  w i t h  

h y d r o g e n  i n  t h e  l i q u e f a c t i o n  r e a c t o r s  a s  i n  t h e  C o n s o l  C r e s a p  o p e r a t i o n ,  o r  

t h e  t h r e e - c o m p o n e n t  m i x t u r e ,  s l u r r y  p l u s  h y d r o g e n ,  m a y  b e  h e a t e d  a s  i n  

t h e  e a r l y  G e r z n a n  p l a n t s  a n d  a s  i n  t h a t  o f  t h e  Uo $. B u r e a u  o f  M i n e s  a t  

L o u i s i a n a ,  ]Vlo. 

L a u g h r e y  e t  a l .  z a n d  M a r k o v i t s  3 b o t h  g i v e  s o m e  h e a t - t r a n s f e r  c o e f f i -  

c i e n t s  p r e d i c t e d  f o r  t h e  L o u i s i a n a ,  M o . ,  o p e r a t i o n  b a s e d  o n  G e r m a n  i n f o r m a -  

t i o n .  J u s t  h o w  t h e s e  w e r e  a r r i v e d  a t  w a s  n o t  d i s c l o s e d .  T h e  p l a n t  d i d  

h a v e  s u f f i c i e n t  i n s t r u m e n t a t i o n  to  p r o v i d e  m e a n i n g f u l  d a t a ,  h o w e v e r .  F i g u r e  4 

i s  a c o p y  o f  h / l a r k o v i t s ' s  p r e h e a * . e  r h e a t - t r a n s f e r  c u r v e .  

7 

I N S T I T U T E O F G A S T E C H N O t. O G v 



1175 8964 

J~ 

i I  

,li 
4Q 

! 

/ / '  ii 

~ 4DO 

~ r .  ~ml'm 4~-~  v ~ l u .  S~.gOS ~14EC~J.) 
I i | 

' k . ,  * Y "  , 
i I -  / i  1 

• "i : " r ~ , , I S s  r~ Ik1¢~.-~.- I \ \1 / / ,  , _ , . . . . , ~ . , - , .  

I . . . .  ~- - ' ! "  i I !  t 
- , i t ~  

Figure 4. PP.EPIEATJEP. I-LSAT-TRANSFEK CURVE s 

T h e s e  c u r v e s  of  p a s t e  f d m  c o e f f i c i e n t  v e r s u s  t e m p e r a t u r e  a r e  f o r  t h r e e  

different concentrations of coal in the paste. These are -- 

Coal Solids 

46. 0 54. 0 

40. 0 47.  0 

36. 0 42. 0 

The presentation is for operation at I0,000 psi and a total fluid mass 

velocity in the range of 175 to Z25 Ib/sq ft-s with hydrogen concentration 

of about I0 weight percent. It should be noted that, as is to be expected, 

peaks and valleys of the viscosity curve are 180 degrees out of phase with 

the heat-transfer coeff/cient curves (Figure 4). 

c. Heat-Transfer Coefficients-- T w.o-Phase Systems 

As mentioned above, in Consolidation Coal's Cresap operation, as 

distLuct from the German and Bureau of Mines' very high-pressure opera- 

Zion, coal-solvent slurries are heated without hydrogen being present. 

Consul operated with a range of solvent-to-coal ratios, although most of 

the runs  w e r e  m a d e  wi th  s l u r r i e s  c o n t a i n i n g  Z5 ~ by we igh t  o f  coa l .  M a n y  

runs are reported in O CR. P~eport No. 39__, Vol. I_V_V, Boo.~s 2 and 3. 4 The 

resu/ts of these runs are givem~but, unfortunately, although metal-skin 
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t e m p e r a t u r e s  w e r e  t a k e n  a t  t h r e e  l o c a t i o n s  on the  h e a t i n g  c o i l , ' t h e  on ly  

bu l k  t e m p e r a t u r e s  a c t u a l i y  r e a d  w e r e  t he  p r e h e a t e r  Lnlet and  o u t l e t  t e m p e r a °  

t u r e s .  As  p a r t  o f  t h i s  m o n t h : s  w o r k ,  t h e s e  da ta  h a v e  b e e n  -,~talyzed to  

d e t e r m i n e  h e a t - t r a n s f e r  c o e f f i c i e n t s .  T h e  h e a t  du ty  to  t he  c o i l  in  e a c h  run  

was c a l c u l a t e d ,  and the  o v e r a l l  h e a t  f lux  d e t e r m i n e d .  Th;;n, a s s u m p t i o n s  

w e r e  m a d e  abou t  the  d i s t r ~ b u t i o n  o f  h e a t  f l ux  and  t e m p e r a t u r e  r i s e  a long  the  

l e n g t h  o f  the  co i l .  T a k i n g  in to  a c c o u n t  t h e  t h i c k n e s s  o f  *..he ~ubes ,  and  the  

t h e r m a l  c o n d u c t i v i t y  of  the  m e t a l  wa l l ,  t h e  inside,  h e a t - t r a n s f e r  c o e e ' i c i e n t  

was c a l c u l a t e d  f o r  e a c h  po in t  w h e r e  t h e  t u b e - m e t a l  t e m p e r a t u r e  was  m e a -  

surecL The  o v e r a l l  a v e r a g e s  f o r  t h e  f o u r  d i f f e r e n t  s l u r r y  c o n c e n t r a t i o n s  

treated, 17.6%, 25.0%, 31.9%, and 40.0~ by weight of coal, were as follows: 

~qo. e f  Coa l ,  A v e r a g e  G, A v e r a g e  A v e r a g e  h, 
Runs  v~, ~ l b / s q  ~ . -s  T e m p e r a t u r e ,  * F  B t u / h r - s ~  ~ - ° F  

i 17. 6 433 38Z 68 

579 93 

742 1 Z6 

47 Z5. 0 412 377 72 

569 74 

747 177 

7 3 1 . 9  406 391 69 

589 67 

751 157 

IZ 40. 0 391 383 61 

577 6O 

7 3 8  186 

A t t e m p t s  w e r e  m a d e  to  c o r r e l a t e  the  e f f e c t  o f  t h e  v a r i a b l e s  wi~.hout 

n o t a b l e  s u c c e s s .  T h e  h e a t - t r a n s f e r  c o e f f i c i e n t s ,  a l t h o u g h  r a t h e r  w ide ly  

s c a t t e r e d ,  ~ r e  a p p a r e n t l y  n e a r l y  the  s a m e  f o r  the  two i o w e r  t e m p e r a t u r e  

r a n g e s ,  w h e r e a s  t h e y  a r e  v e r y  m u c h  h i g h e r  in  t h e  7 5 0 ° F  t e m p e r a t u r e  r a n g e .  

T h e r e  d o e s  a p p e a r  to  e x i s t  a s l igh t  e f f e c t  o f  b o t h  t e m p e r a t u r e  and  m a s s  we loc -  

i t¥ w i t h i n  the  b r o a d e r  t e m p e r a t u r e  r a n g e s .  
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Further work on the mat%er of slurry heating ~s~Ll be carried out along 

~d~ lines of-- 

. 

. 

_4.v~i!abili~y of any further basic data on the transport properties of 
both the two-phase and the thr~e-phase systems, as a function of the 
variables= particularly of ter, %ture,%vill be investigated. 

.An effort ~'lll be made to see [inite data can he obtained relative 
to the performance of the Bureau of Mines' paste preheater at 
Louisiana, IV[o. 

Investigation ~-ilI be made as to what good heat-transfer data are 
available on other pilot plants ~nd process development units. 

I. 

Z. 

. 

4. 

. 
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/3. GASIFICATION 

The computations based on IGT kinetic data I for steanz-oxygen gasi- 

/ication i n  a flu!dized-bed reactor were cont inued, 

Figures 5 and 0 give the solids residence time required for a given 

percent conversion fcr various steam and oxygen amollnts in the feed gas at 

70 atmospheres and 15 ~tmospheres, respectively. 

z!ons apply in the development of those charts: 

i. 

Z. 

3. 

The foi l .owin E assump- 

The solids are totally backnuixed. 

The gases are totally backnaL~ed. 

The relative reactivity of the char = I. 0. ) (The Ireland mine bituxmi- 
nous char is assigned a reactivity of 1.0. 

i0 

I N S T I T U T E  O F  G A S  T E C H N O L O G Y  



m 

2: 
t d t  

-I 

-4 

-4 

m 

0 
"rl 

'°l . . . . . .  
ao . . . . .  ~ , ~  

g7o ~ ~ ~ _  __,__~~ 
~ ~o' . - -  --_-=t_ - - ~ . . -  . = ~  

~- I TEMP liSO" r 
~*!ITEAM/CARDDN IN FEED. raM/reel 

40 ----lYDXYGiN/CAR 7 IN FLED. milmul 

300 20 40 60 60 I00 120 140 160 100 2D0 
CHAR RESIDENCE TIME, rain ,.so,:,..I 

ioo 

'~ i  "~.r ;  9D 
~ ,t,:..~. 
:~ -'i'l d ~-'-','. I~ ao 

,~.~. ~-.~.r-...j,..~.:,,.~ ~ 60 

• , , ,  5 0  
t~ • °..  , v .  
L L  

40 

30 

OCR " ' 1  
PAGE "1 
REVISION No . . . .  | 
DATE , / 

- ,  

/ 
/ ~"~°'_' I 

I i-q;°'"iN'¢'"i~'"i~'°' T:.I I - 
20 40 60 80 Ioo 120 14o 16o 180 :~oo 

CHAR RESIDENCE TIME. rain 

I - - *  

-,] 
u1 

0 
). 

i n  

"4 
f11 

('1 

Z 

0 
I- 

0 

0 
,.( 

I 

O0 - - - -  ~.I~ • 

i i , o / / ~ # ~  ~ . . . . . , .  ,o 
. . . . . .  - / " ' l  , "  . , ,~ so 

60 ~ / t 5  t 

4 0  ~ ' - ~ "  ~ OXYiENtCAilK 

DO IO0 ItO 140 
CHAR RESIOI[NC[ TIME, rain 

',lip IOSO" F i 
; A I d / C A U D N  IN FEED, tool/tool J 

liON INillO. me/tool [ 

IlO lira 2O0 I 300 20 40 

#* 

llll)l~lil 

' ~,o 
4 0  

IP~! " 

I0 Zo 

m . - -  

s 

i i=F f 
30 40 80 60 70  

CHAR RESIDENCE TIME. rain 

k'P 1901 

08 

*ST(AM/¢AKaON IN FEED, tool/tool 
:AR|ON IN FirED. tool/tool 

_1 I 
80  9 0  Ioo  

J l S G I O I ~  

Figure 5. STEAM OXYGEN GASZFZCATION OF DEVOLATILIZED IKELAND MINE BITUIvIINOUS CHAR 
AT VARIOUS TEMPERATURES AND AT 70-arm PKESSUKE 

Do ~P 
cr, 
d~ 



m 

z 

-4 

0 

..~ 

m 

Z 

0 

r 

0 

ICiO 

gO 
at 

~° 
lul l  

. ~  70 

~o 
~o 

40 

30 

I00 

go 

8o 
t -  lI: 
I.ll 
> 70  

w 

20 40 60 60 IO0 12.0 140 160 I~0 lOCI 

CHAR RESIDENCE TIME, min , , i o , o ~  

~o . ,I I 

4 0  

3 0 ( ~  20 40 

OCR 
PAGE 
REVISION No. 
DATE~..  

'°°1 "l . . . .  " ~  

;:i'~ ~-,t~;~ 7 0 -  

':,, ;'. '.- 50 

"°~1 I I 1 ' 1  3 0  . . . .  0 20 40 60 60 I00 120 140 160 180 200 

CHAR RESIDENCE TIME, rain ,,soiol,,I 

~ ' , ' - ' - -  ~ - " F  z*' z. 

0.~ 

TEMP 1850" F " 
I'STEAM/CARSON IN F(ED~, tool/roD! 
tOXYGENICARRON IN FEEO, moUmol 

I 
60 80 I00 120 140 160 180 200 

CHAR RESIDENCE TIME, rain ,,,olDie, 

~ , th  ". 

i . . . e  IK,, ¢,:. ~w 

I00 

9O 

I1: g,o / 
6 0 -  

4 0  

. . . . .  

• ' ~ 1 , 2  ~ . . °  

I 

TEMP i900" F 
_*STEAM/CARBON IN FEEO, tool/tool 
tOXYGENICARBON IN FEED, mol/moI 

I. I 
3°0- t~ "2o ~ 4o ~ 6o Yo ~ 9o mo 

CHAR RESIDFNCE TIME~ rain M5020147 

F i g u r e  6.  S T E A M - O X Y G E N  G A S I F I C A T I O N  O F  D E V O L A T I L I Z E D  I R E L A N D  M I N E  B I T U M I N O U S  C H A R  
AT VARIOUS TEMPERARES AND AT 15-atm PRESSURE 

, . j  
U1 

Oo 
,,.0 
O~ di  



I/75 8964 

~E 

6. 

The feed to the reactor is devolatilized char. (That is, all volatile 
matter is removed, and none of the fixed carbon of the origina/ coal 
has been gasified. ) 

T h e  w a t e r - g a s  sh i f t  r e a c t i o n  i s  a t  e q u i l i b r i u m  a t  t he  r e a c t o r  o p e r a t -  
ing  t e m p e  r a t u r e .  

T h e  r e a c t o r  is  a d i a b a t i c ,  ,-end t h e r e  a r e  no h e a t  l o s s e s .  

Th i s  m o d e l  c an  be e x t e n d e d  to  ¢.he c a s e  w h e r e  t he  s o l i d s  a r e  in  plug 

f low,  wi th  t he  a id  of  F i g u r e  7. H e r e ,  t he  m u l t i p l i c a t i o n  f a c t o r  R, to  con-  

vert the residence time for 'q~ackrnixed solids" model to that for the "plug 

flow solids" model, is plotted as g function of initial and f~ua/ carbon con- 

version of the char. 

Another correction chart, to account for the fact that the initial fixed 

carbon conversion of the feed char may not be equal to zero, ~ is being 

p r e p a r e d .  

T h e  c a l c u l a t i o n s  f o r  the  ga s  c o m p o s i t i o n s  as  a f u n c t i o n  o f  v a r i o u s  

o p e r a t i n g  v a r i a b l e s  a r e  c o m p l e t e d .  T h e s e  a d d i t i o n a l  c h a r t s  and  the  d e t a i l s  

of c o m p u t a t i o n s  will  b e  p r e s e n t e d  i n  n e x t  m o n t h ' s  r e p o r t .  

R e f e r e n c e  C i t e d  

I. 3 o h n s o n ,  J .  L.  , " K i n e t i c s  o f  B i t u m i n o u s  Coa l  C h a r  G a s i f i c a t i o n  
With  G a s e s  Con t a in ing  S t e a m  and  H y d r o g e n ,  " in .Coal  G a s i ~ c a t i o n  r 
ACS Advances in Chemistry Series No. 131~ 145-78 (1974>. 

C. FLUIDIZATION 

A v a i l a b l e  d a t a  on minimtu-n  f l u i d i z a t i o n  v e l o c i t i e s  ( U r n / )  f o r  coa l  

and o t h e r  s o l i d s  p e r t i n e n t  to  c o a l  c o n v e r s i o n  p r o c e s s e s  w e r e  c o l l e c t e d .  

A n u m b e r  o f  Urn/  c o r r e l a t i o n s  a r e  b e i n g  e v a l u a t e d  f o r  t h e i r  a b i l i t y  to  p r e -  

d ic t  t he  znini tnun~ f l u i d i z a t i o n  v e l o c i t i e s  f o r  t h e s e  z n a ~ e r i a l s .  

T h e  i n f o r m a t i o n  c o l l e c t e d  i s  p r e s e n t e d  be low.  T h e  e v a l u a t i o n  o f  

c o r r e l a t i o n s  wil l  be  p r e s e n t e d  n e x t  m o n t h .  

T h a t  i s ,  t h e  f e e d  m a y  be  a p a r t i a l l y  g a s i f i e d ,  d e v o l a t i l i z e d  c h a r .  
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M / n i m u m  F l u i d i z a t i o n  V e l o c i t y  

A/ though  the  de fu~ i t ion  o f  m i n i m u m  o r  i n c i p i e n t  f l u i d i z a t i o n  v e l o c i t y  i s  

s u b j e c t  to v a r y i n g  i n t e r p r e t a t i o n s ,  i t  c o n t i n u e s  t o  b e  a f u n d a m e n t a l  m e a s u r e  

of  f l~ /d i za t i on .  In the  d e s i g n  o f  f l u i d i z e d  b e d s ,  i t  i s  e s s e n t i a l  t o  determmine 

the  gas  f low ra'.e a t  w h i c h  a g i v e n  m a t e r i a l  b e g i n s  t o  f l u i d i z e ,  and  t h i s ,  in  

g e n e r a l ,  c o r r e s p o n d s  to  the  cond i t i ons  when  t he  s p e c i f i c  b e d  we igh t  e q u a l s  

t h e  p r e s s u r e  d r o p  a c r o s s  t he  bed .  The  e n t i r e  m a t h e m a t i c a l  p r o c e d u r e  o f  

t w o - p h a s e  t h e o r y  to  p r e d i c t  t he  p e r f o r m a n c e  o f  f l u i d i z e d  b e d s  i s  b a s e d  on  a 

m e a s u r e  of  the  zn /n imuzn  f l u i d i z a t i o n  c o n d i t i o n s .  T h e  m i n i m u m  f l u i d i z a t i o n  

v e l o c i t y  is  c l o s e l y  r e l a t e d  t o  def in ing  the  d e s i r a b l e  p u r g e  v e l o c i t y  in  s t a n d  

pipes. 

At low p r e s s u r e s  and  wi th  d e n s e  m a t e r i a l s ,  o n l y  a f r a c t i o n  o .  ~ t h e  

b e d  wi l l  a p p e a r  to  a p p r o a c h  f l u i d i z a t i o n  at  t he  msinixnum f l u i d i z a t i o n  v e l o c i t y ,  

wh i l e  the  r e m a i n i n g  v o l u m e  r e m a i n s  u n d i s t u r b e d .  C o n s e q u e n t l y ,  p a r a m -  

e t e r s  l i ke  " c o m p l e t e "  o r  " fu l ly  s u p p o r t e d "  f l u i d i z a t i o n  and " m i n i x n u m  

b u b b l e  v e l o c i t y "  a r e  b e i n g  u s e d  in  t he  L i t e r a t u r e  to  c h a r a c t e r i z e  t o t a l  t r a n s i -  

t i o n  fro;.% a f i xed  to  a f l u i d i z e d  bed .  B e c a u s e  t h e s e  a l t e r n a t i v e  m e a s u r e s  o f  

f l u i d i z a t i o n  a r e  s t i l l  b e i n g  d e s c r i b e d  q u a l i t a t i v e l y ,  t he  p u b l i s h e d  c o r r e l a t i o n s  

to e s ~ m a Z e  the  m i n i m u m  f l u i d i z a t i o n  v e l o c i t y  c o n t i n u e  to  be  i n d i s p e n a b l e  in  

the  d e s i g n  and o p e r a t i o n  o f  f l u i d i z e d  beds .  

T h e  e v a l u a t i o n  o f  p ~ b l i s h e d  c o r r e l a t i o n 5  i s  e x t e n s i v e l y  d i s c u s s e d  in  

t he  l i t e r a t u r e ,  s' *0, Ls S o m e  of  the  g e n e r a l l y  u s e d  c o r r e l a t i o n s ,  shown  in  

T a b l e  Z, w e r e  u s e d  to  c a l c u l a t e  the  m i n i m u m  f l u i d i z a t i o n  v e l o c i t y  o f  c o a l s  

and r e l a t e d  m a t e r i a l s .  T a b l e  3 i s  a s u m m a r y  o f  t h e  s o u r c e s  o f  e x p e r i -  

m e n t a l  da ta  u s e d  to  c o m p a r e  wi th  t h e  c a l c u l a t e d  v a l u e s .  A c o m p a r i s o n  o f  

t he  r e l a t i v e  a c c u r a c y  o f  t h e  v a r i o u s  c o r r e l a t i o n s  i s  b e i n g  p r e p a r e d .  

N o m e n c ! a t u r e  ( fo  r T a b l e  2) 

Df = 

I )  = 

P 

g = 

P a r t i c l e  D i a m e t e r  o f  S i e v e d  F r a c t i o n ,  f t  

1 A v e r a g e  P a r t i c l e  D i a m e t e r ,  f t  = 
r ( X / D r  ) 

G r a v i t a ~ o r . a l  C o n s t a n t ,  ~ t / s  z 
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Table 3, SOURCES O F  FLUIDIZATION DATA FOR COALS AND R E L A T E D  M A T E R I A L S  

B e d  P a r t i c l e  P a r t i c l e  
D i a m e t e  r ,  F l u i d i z e d  I ) t a m e t e  I ,  D e n s i t y .  S h a p e  

I n v e s t i g a t o r s  ,= in .  S o l i d s  ill .  [ b / c u  (t F a c t o r  

A g a r w a l  a n d  S t o r r o v .  ' l  i ,  64  C o a l  0 .  0 1 2 4 -  I t [ - 8  $ 0 .  f,7 
0 . 0 , ~  ,~ 

L e v a  e t  a i. 9 4 , 0  A n t h r a c i t e  O. 0 0 , J -  I L Z - 1 2 3  - -  
O. 0,l 

van H e e r d e n e t  a l .  =4 ] .  ]5 Cuke ,  i r o n  0 . 0 0 3 7 -  I I Z - J Z 3  - -  
o x i d e  (Fe  jO4) 0 .00 - ' 6  

Jones et ,d. ~ J Coa l ,  cha r  0 . 0 0 5 5 -  71-~0 - -  
0, 0189 

C u r r a n  a n d  G o r i n  z 1, L [ , I g n i t e ,  c h a r ,  0 . 0 0 L 8 -  51-1L,~ - -  
d o l o m i t e ,  0, 017J 
p e r i c l a  so  

F e l d m a n n  et al. J ! . 6 9  C h a r  O.00SL-  1 6 - Z 3  . .  
0. I I I  

T a r m a n  et a____Jl, i= z. 5 I r o n  o r e  O. 004H- 2.15 0. 7'1 
O, 0053 

K n o w l t o n  ~ t 1 . 5  Coal ,  cha r ,  0 . 0 0 9 6 -  7.~-Z45 * -  
l i g n i t e ,  O. O I I  3 
• lde  r i t e  

Ope ra l l ng  O p e r a t i n g  
I , 'h t id i  z ink  T e m p e r a t u r e ,  P r e s s u r e ,  
M e d t u m  " F  psig 

A i r  10-H0 

He, a i r  70-80  

l iz, a i r ,  COz, 70-1~0 
A r  

CO t I Iz,  s team 7 0 . 8 0  

Nz, H, ,  COz 70 -80  

CO~ 7 0 - 8 0  

A i r ,  COz ,  I1,~, 70-80  
E'reo,~ 

N~ 70-80  

0 

0 

0 

, ' - 5  

0 

0 

O - l O 0  

0-:1000 

A7502030b  

i-.a 

Lrl 

O0 
',O 
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P, e p  = P a r t i c l e  R e l r n o l d ' s  N u m b e r  : ( D p "  U m f .  pg ]/~ ) 

Un~ f = Minimum Fluidtzation Velocity, ft/s 

X = Weight  F r a c t i o n  o£ S i e v e d  P a r t i c l e s  

n~/ = Voidage of Minimum Fluidized Bed 

= Shape Factor 

pg = Density of Fluidizing Gas, Ib/CF 

Ps = Particle Density of Fluidizing Solids, Ib/cu ft 

: Viscosity of Fluidizing Gas, Ib/ft-s 
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D. COMBUSTION 

L g w - T e m p e r a t u r e  ( F l u i d i z e d - B e d )  Coznbus t ion  

Hea t  T r a n s f e r  in  l ~ u i d i z e d  Beds  

The  h e a t - t r a n s £ e r  c o e f f i c i e n t ,  h ,  b e t w e e n  a f l u i d i z e d  b e d  a n d  a sub-  

m e r g e d  su~ace-,  i n c r e a s e s  r a p i d l y  as  t h e  gas  v e l e c i t y  ( U g )  i s  i n c r e a s e d  f r o m  

the n u m m "  " -~-_ f !u id !za t ion  v e l o c i t y  u n t i l  a m a x i m u m  va lue  of  h i s  r e a c h e d  at  

U n a x .  T h e  h e a t - t r a n s f e r  c o e f f i c i e n t  then  r e m a i n s  p r a c t i c a l l y  cons t an t  be -  

fo re  d r o p p i n g  o f f  a f t e r  about  3 U r e a  x . There  are i n s u f f i c i e n t  d a t a  a t  h i g h e r  

f low ra~.es to  p e r m i t  g e n e r a l  d e f i ~ / t i o n  o£ the  v e l o c i t y  at  w h i c h  h fa] /s  off  

s i g n i ~ c a n t l y .  But th is  m a y  r e f l e c t  r e g i o n s  o f  o p e r a t i o n  t h a t  a r e  o f / i t t / e  

inte r e s t .  

The  v e l o c i t y  at  which  h r e a c h e s  h m a  x a p p e a r s  to  d e p e n d  p r i m a r i l y  

on the  s o l i d  and  gas  p r o p e r t i e s  a n d  c a n  be d e s c r i b e d  t h r o u g h  two  d imens ion*  

l e s s  v a r i a b l e s ,  the R e y ~ o l d ' s n u r n b e r  (Re} a: D'ma x -  

(Re)ma x = pg Urea x d p / # g  (1) 
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and the Archimedes' number (Ar) -- 

Ar = g(ps_p~ ) Pg dp3 /#gZ 

whe re  -- 

~s 
Pg 

~g 

d 
P 

g 

i s  the  d e n s i t y  o-  ~ t h e  s o l i d  p a r t i c l e s .  

i s  t he  d e n s i t y  o f  t h e  ga s  p h a s e .  

is  t he  v i s c o s i t y  o f  t h e  g a s .  

i s  the  e f f e c t i v e  d i a m e t e r  o f  the  p a r t i c l e s .  

i s  the  a c c e l e r a t i o n  due  to  g r a v i t y .  

(z) 

In  F i g u r e  8 the  r e l a t i o n  b e t w e e n  t h e s e  p a r a m e t e r s  i s  p r e s e n t e d  b a s e d  

o= data 3, 5, ~ covering the fo]/o~ng ranges ~th air or combustion products: 

d : 0. 0055 to 0 . 3 7  i n c h  ( 0 . 1 4  to 9 . 5  ~.'~n) 
P 

Ps: t Z 5  to 500 I b / c u  £t (Z000 to 8000 k g / m  3) 

Temperature: 77 ° t o l 9 Z Z ° F ( Z 5  ° to 1050°C)  

F o r  c o m p a r i s c n ,  the R e y n o l d ' s n u m b e r  at r n i n h n u m  f l u i d L z a t i o n  (based  on  a 

void fraction of 0.43 at ~hat condition) is also shown. 

The gas velocity range at which less than hrnax occurs is negligible 

at high values of Ar. For a typical ~uidized-bed combustion system, 

Ar _~600 to 4000. The gas velocity n~ay be varied by a factor of Z to 4 be- 

tween minimum fluidization and achieving hma x . But in reported practice, 

~th loadings of 106 Btu/ftZ-hr (3 l~W/mZ), the gas velocities are in excess 

of U rI1ax" 

In the region between Uzn f and Urea x , the heat-transfer coefficient in- 

creases rapidly from a value similar to forced convection (~5 Btu/hr-ftz-°~'; 

30 ~V/rnZ-K) to the high vr~lues ch-~racteristic of iluidized beds. Many cor- 

relations, dependent on the characteristics of the/luidized bed, have been 

offered, bu~ as shown in Bright and Smith's z analysis, the precision is not 

adequate for design use. These correlations require bed-expansion data 

the lack of which may be a major limitation in their application. A correla- 

tion based on r~dnimuzn fluidization velocities, Urea x, and hrnax may be more 

useful and could not be much worse than those analyzed by Bright and Smitl~ 

10 
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The general estimation of h from gas and solid properties was 
max 

exan~_ined. Proposed correlations based solely on Ar 3 proved unsatisfacto ry 

for smaller particles and for high-temperature systems. The correlation 

given by Zabrodsky 8 relates the hma x to- 

pS 0"-~ kgD'6 ~p-0.36 (3) 

This func t ion ,  e m p h a s i z i n g  the  gas  t h e r m a l  c o n d u c t i v i t y ,  kg , and  

de-emphasizing the viscosity and density terms in Ar, is  much more success- 

ful in extreme cases such as hydrogen fluidized systems. In Figure 9~ " 

Zabrodsky's correlation, somewhat modified from his strict proportionality, 

is shown fo r  conditions covering the ranges s' 9_ 

Ps; 55.9 to 435. 4 Ib/cu ft (900 to 7000 kg/rn 3) 

kg: 0. 015 to 0. 1076 Btu/ftZ-hr-°F/ft (0. 026 to 0. 186 W/mr-K/At) 

d : 0.00236 to 0. 06535 inch (0.06 to i. 66 rnnu) 
P 

Teznperature: 77* to 19ZZ°F (25 ° to i050°C) 

For large particles, a different heat-transfer mechanism becomes dozninant, 

and this correlation is no longer appropriate. This correlation does not 

apply i f  -- 

p e.z k 0.6d -0. a6 
s g p 

and 

d -~ 1.5 am. 
P 

<7 (s'_  mits) ] 

/ 
J 

(4) 

As s e e n  in  F i g u r e  9, t h e r e  a p p e a r s  two r a t h e r  d i s t i n c t  c o r r e l a t i n g  

lines, in each group, w~_de-ternperature and particle-size ranges are in- 

volved. A tentative suggestion is that the lower values of hma x appear t o  

be associated with the more porous particles. In any case, the discrepancy, 

corresponding to a factor of 0.74, seems to be real. 

a . .  

The lines dra~vn in Figure 9 correspond to the equations- 

hma x -- 28. 0 (ps °" z kg°" 6 dp-°" a6 ):. zz (SI units) 

Zl 4(pd h dp ( ri sh tsi 

ZZ 
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b. hma x = ZO. 7(Ps °'z [<gO. 6 dp -°-s6)*.Iz 

= kgO. - o .  ss )*. zz h m a  x 15. 8 (ps  °" z 6 dp 

8964 

(SI un i t s )  

iBritish 11 ra t s )  

The h i g h e s t  po%nt shown  c o r r e s p o n d s  to  h y d r o g e n  a s  f lu id i z ing  ga s  and  

l e a v e s  u n c e r t a i n  the  l i n e a r i t y  at  t h e s e  e x t r e m e  c a s e s .  

For larger particles, with a smaller available data base, 6, 9 the maxi- 

mum particle Nusselt number has Been shown to relate to At, bug over the 

small range of gases studied, Zabrodsky's function could do just as well. 

For th~ range ol conditions -- 

Ps = 59.1 to 702.81b/cuft(950to 11,300 kg/m 3) 

d = 0. 05906 to "0. 5079 inch (I. 5 to IZ. 9 turn) 
P 

Temperature = 77 ° to 30Z°F(Z5 ° to 150°C) 

the following equation describes hrnax with a precision of 5% for the 

r a n g e  c o n s t r a i n e d  by '  ( 4 ) :  

hrnax = i. 86 X 104 ps °" 36 kg~.~ dp0-*s (SI units) 

= 0.1s (British units) hrnax i. 97 X 104 ps °'s6 kg 1"7s dp 

The  d e p e n d e n c e  on  t h e r m a l  c o n d u c t i v i t y  w a s  a s s i g n e d  f r o m  on ly  two c o n d i -  

t i ons  in th i s  h e a t - e x c h a n g e  r eg ion .  

The data base for the above correlating procedures is very limited. 

The effect of pressure is not included. Low-density gases such as h o t  f l ue  

products and hydrogen appear to work. Liquid fluidized Beds appear t o  

Behave as if in the large particle region described above. Thus, it is pos- 

sible that with increasing pressure and volume heat capacity of the fluid, the 

boundary between the two regions may be displaced to lower particle diameters. 

The data also overwhelmiugly are Based on narrow particle-s£ze ranges, 

probably on onlya two- to fourfold variation at most. 

The hulk of these data was taken under conditions where the heat ex- 

change did not affect the flow pa~erns. There are many studies that used 
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m o r e  r e a l i s t i c  h e a t - e x c h a n g e r  e l e m e n t s  o r  s y s t e m s .  Such  i n f o r m a t i o n  h a s  

not  b e e n  u t i l i z e d  d i r e c t l y  in d e v e l o p i n g  the  c o r r e l a t i o n  p r e s e n t e d  h e r e  b e -  

c a u s e  o f  i n a d e q u a t e  d e ~ n i t i o n  o f  s y s t e m  p r o p e r t i e s  o r  o f  g a s - v e l o c i t y  d e -  

p e n d e n c e .  T u b e  b u n d l e s  t ha t  t e n d  to b a f f l e  and r e s t r i c t  t he  fluid~.zing b e d  

t end  to  l o w e r  t he  h e a t - t r a n s f e r  c o e f f i c i e n t ,  the  e f f e c t  be ing  d e p e n d e n t  on  

s p a c i n g  and o r i e n t a t i o n .  W h e r e  the b e d  i s  m a i n t a i n e d  in  a f l u i d i z e d  s t a t e ,  

the  h e a t - t r a n s f e r  c o e f f i c i e n t  i s  a f f e c t e d  b y  l e s s  t h a n  Z0 ~ wi th  tu'~e s p a c i n g s  

c o m p a r a b l e  to tube  d i a m e t e r s ,  i, 3 T h e r e  i s  s o m e  con~-nsion on  the  e f f e c t  o f  

tube  o r i e n t a t i o n  ( f o r  e x a m p l e ,  v e r t i c a l  v e r s u s  h o r i z o n t a l )  as  d i s c u s s e d  b y  

Archer. ~ An arrangement that causes channeling or deflu/dization would 

have major consequences o~ the state of the bed and the heat transfer. 

The work of BCUR.A Laboratories 4, 7 on fluidized-bed combustion was 

carried out in reactors containing practical exchangers and approaching 

industrially acceptable ]oadings; this work reports experix~ental heat-transfer 

coefficients. They correlate their values in terms of the sum of a convective 

coefficient and a radiation coef/~cient. The latter is computed with the as- 

sumption of blackbody radiation exchange between the bed and the heated 

surface. 

To compare these data with those of the correlation presented ~_n Fig- 

ure 9, the total h was recalculated from their correlating curve 4 for the 

convective term and the radiation ter~ lot the 1500"F and 5-arm system 

studied. For the higher temperature systems, 7 the total values were re- 

ported. In Table 4 the values obtained from the BCUR.A work are compared 

~th those estimated from curves (a) and (b) in Figure 9. 

For these calculations, a particle density of 1960 kg/m 3 was used. A 

r e p o r t e d  bed  d e n s i t y  of abou t  850 kg /m3,  i f  i t  r e f e r s  t o  a n o n f l u d i z e d  s t a t e ,  

w o u l d  i n d i c a t e  a n l u c h  l o w e r  d e n s i t y  and a s i g n i / i c a n t l y  p o r o u s  so l id .  T h e  

e s t i m a t e d  v a l u e s  wi th  c u r v e  (b) a r e  in good  a g r e e m e n t  w i t h  t h e  m e a s u r e d  

v a l u e s .  The one  b a d  po in t  (dp = 0 .25  r am)  d i s a g r e e s  w i th  B C U R A ' s  c o r r e l a -  

t i on .  I f  t h e r e  is  a m i s r e p o r t e d  v a l u e ,  i t  wou ld  h a v e  to be  the a v e r a g e  p a r t i -  

c l e  d i a m e t e r  to  a c c o u n t  f o r  the  d i s c r e p a n c y .  

T h e s e  r e s u l t s  a p p e a r  to s u b s t a n t i a t e  the  u se  o f  c u r v e  (b) i n  t he  c o r r e l a -  

t i o n  for fluidized-bed combustion systems up t o  pressures of a t  least 5 arm 

and for realistic heat-exchanger tube  configurations. 
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Table 4. HEAT-TRANSFER COEFFICIENTS FOR FLUIDIZED-BED 
COMBUSTION FROM I~;CUKA LABORATOR/ES 

E stina_ated 

8964 

dp, h, hma x hznax 

Refere=c-- Ue/u a,: wl -z (a) Cb) 

4 3 . 8  0.3 450 660 490 

4 Z. 6 0.5 410 550 410 

4 Z. 0 0.7 370 500 370 

4 I. Z I. 3 Z85 375 275 

7 3 0. 5-0.6 420 "570 420 

7 3 0. 25 385 770 570 

7 3 0.45 39 5 590 449 
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Hi~h- Tempe rature (IVf_H.D) Combustion 

A'large number of reports on coal-fired MHD power plants have been 

collected. 

E.  COAL,  CHAR,  AND O I L  S H A L E  P R O P E R T I E S  

We a r e  i n v e s t i g a t i n g  the  s c o p e  a n d  p r o g r e s s  o f  w o r k  on  c o a l  t ha t  is 

be i ng  c a r r i e d  ou t  a t  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  u n d e r  an  OCR c o n t r a c t .  

O u r  u n d e r s t a n d i n g  i s  t ha t  t he  f o l l o w i n g  p r o p e r t i e s  ( l i s t e d  in T a b l e  5) a r e  

be ing  d e t e r m i n e d  on  a11 o r  s o m e  o f  i t s  PSOC s e r i e s  o f  s a m p l e s .  

T a b l e  5. P R O P E R T I E S  D E T E R M / N E D  ON PENN S T A T E  P S O C  S A ~ P L E S  

Proximate Analysis 

U l t i m a t e  A n a l y s i s  

C h l o r i n e  C o n t e n t  

E q u i l i b r i u m  M o i s t u r e  

F r e e - S w e U i n g  Index 

Forms of Sulfur 

Hardgrove Grindability Index 

~c rohardness 

Surlace Area 

Porosity 

Ash-Softening Point 

Elemental Ash Analysis 
e 

Mineralogical Analysis of Mineral Matter 

Size  and  Shape  of  M i n e r a l  A~_atter G r a i n s  

G r a y - K i n g  A s s a y  

B a t c h  L i q u e f a c t i o n  Y i e l d  

A r e c e n t  (1974)  b r e a k d o w n  of  P e n n  S t a t e ' s  s a m p ] / n g  i n d i c a t e s  a t o t s /  

o£ 314 s a m p l e s  a t  ! 5 7  d i f f e r e n t  s e a m s  o r  l o c a t i o n s .  E x c e p t  f o r  A / a s k a ,  a n  

i m p o r t a n t  c o a l - p r o d u c i n g  s t a t e s  a r e  r e p r e s e n t e d ;  t ha t  i s ,  r e s e r v e s  o f  

s t a t e s  no t  r e p r e s e n t e d  a m o u n t  to  o n l y  0 . I  ~ of  the  t o t a l .  T h e  m o r e  i m p o r t a n t  

p r o d u c i n g  s t a t e s  a p p e a r  to be b e t t e r  r e p r e s e n t e d  than  o t h e r s ;  a b o u t  5 0 ~  o f  

the  d i f f e r e n t  s e a m s  o r  l o c a t i o n s  a r e  f r o m  the  f ive  h i g h e s t  p r o d u c i n g  s t a t e s ,  

a c c o r d i n g  to  1971 p r o d u c t i o n  da ta .  
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For our compilation of basic data on coal samples from important 

deposits, we need to  establish- 

i. 

~Q 

3. 

How adequately does the  :Penn S ta t e  sample series, as i t  now exists, 
represent the important coal deposits of the United States ? in several 
year's time ? 

How much of the data being obtained on the present collection is avail- 
able now or x~ll be ava~able in the near future? 

W'nat changes, if any, should be made in the listed properties as 
proposed in Table Z of the 8964 December 1974 Status P.eport ? 

A conference v~ith coal-property investigators at Penn State is being 

ar ranged to consider these questions. 

Comments on our list of coal properties to be considered (Table 1 in 

the 8964 December 1974 Status Report) were solicited from the Illinois State 

Geological Survey. in addition to some helpful coznments on organization 

and nomenclature, the following additional categories v~e~e, suggested: 

• Wate r- soluble chlo fine 

• Coal strength 

• Freezing a~ad thawing characteristics 

• Caking during handling and shipping 

• Wa shab~ility 

Coal-mine ral matter inte rg rowth 

Float- sink data 

F. IVIISCELLA_~EO US 

I. Filing System 

A procedure has been defined to create a central ~lin E system of a11 

the collected material. A number of articles in different areas Of coal con- 

version processes have been indexed. 

Z. Data Book index 

Many  s u g g e s t i o n s  w e r e  r e c e i v e d  a b o u t  t h e  p u b l i s h e d  o u t l i n e  i n  l a s t  

month's report, The modified outline is again given in the Appendix. The 

additions have been ident~ied by an aste°risk (*). 
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3. MPC Phase I Meetin@ 

Dr. AI Ta!walkar attended the Phase I meeting of the M a t e r i a l  P r o p e r -  

t/es C o u n c i l  on January 16, 1975. 

4. Gasification Data Meeting 

A meeting was held with IGT people active in the coal gasification . 

area to rev~ew the progress of gasification data collection and presentation. 

It was decided to contact, as soon as possible, various other people involved 

in gasification studies for kinetic or other data that they may have that canbe 

included in the data book in a suitable format. 

A draft letter, along with a sample of presentation of IGT data, is 

being completed and will soon be sent out. 

5. Technical Advisory Cornndttee 

We plan to form an advisory committee of persons active in the coal 

conversion ~qeld to review and comment on the content and format of'.he data 

prepared for inclusion in the data boo~ A draft letter, inviting potential 

members to join the advisory committee, is being prepared. 

IV. Patent Status 

The work perforr-.,ed during January is not considered patentable. 

V. Future Work 

Data collection and correlation will be continued in the selected high- 

priority areas. 

W. W. Bodle, /Director, 
Pro ce s s Analy sis 

S i g n e d  

.A.. T a l w a l k a r ,  C o o r d i n a t o r ,  
P r o c e s s  D a t a  ' ,  
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Volume I. 

.%. . l ~ rope r t i e s  of  Co~[s ,  Coal  C h a r s ,  

P r o x i m a z e  Amaly s i s  

M o i s t u r e  

A3h  

V o l a t i l e  M a t t e  r 

Fixed Carbon 

Ultimate Analysis 

Ca rbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Petrographic Prope rties 

Mace ral Analysis 

Vit finite 

Ex/nite 

Re si.uit e 

M/c rinit e 

S e m i f u s i n i t e  

F u s i n i t e  

Vit  f i n i t e  R e f l e c t a n c e  

C a l o r i f i c  V a l u e  

F o r m s  o f  S u l f u r  

P y r i t i c  

Su l f a t e  

O r g a n i c  

Chlo  rime C o n t e n t  

W a t e  r-Soluble C h l o r i n e *  

Rank Classi~cation 

Rank 

F i x e d  C a r b o n ,  D r y ,  ram-Free 

APPENDIX. Daza Book Outline 

Properties of Raw Materials, Intertnediates, lmroducts l 
Related Proce ssin ~ Mate rials t 

and Oil Shales 
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Equilib riurn Moi sture 

Calorific Value, Moist, ram-Free 

St ructure 

Po ro sity 

Po re-Size Distribution 

Surface Area 

True Density 

l~ine ral Matte r Cha racte ristics 

Elemental Composition 

SiOz 

AltO3 

~'ezO3, etc. 

• "v~ine ralogical Properties 

Composition 

Kaolinite 

Quartz, etc. 

Size and Shape of Grains 

Ash Fusibility ~ 

T race Elements 

Grindiug and Handling Characteristics 

Ab rasivene s s 

.angle of Repose 

Bulk Density 

Apparent (Particle) Densit 9 

Cak/ng ~ 

Flow Prope riles 

Freezing and Thawing Characteristics ~ 

Friability 

Ha rdg rove G rindability Index 

A6/c roha rdne s s 

Slacking 
Rate Of Oxidation (Spontaneous Combustion) 

%%'ashability ~ 

Coal-k4_ine ral Matte r Inte rg rowth ~ 

Float-Sink Data ~ 
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B. 

l~iscellaneous Properties 

Comp re s s ibility 

Dielect tic Constant 

Ela st i  city 

Electrical Re sistivity 

Heat Capaci ty 

Pe rmeab i l i t y  

The rma l  Conduct iv i ty 

Thermal Di~usivity 

The rrnal Expansion 

Caking and Carbonization Prcperties 

Free-Swelling Index 

Agglome ration Index 

G ra)~-King Assay 

Low-Temperature Carbonization Assay (BM) Yield:  

Char 

Tar 

Light Oil 

Gas 

V~at e r 

Geiseler Plastometer Test 

Initial Soften:.ng Tempe rature 

Fusion Tempe rature 

Temperature of Maximum Fluidity 

Solidification Temperature 

Audibert-Arnu Dilatometer Test 

Liquefaction Properties 

Yield by Batch Autoclave Test 

Gasification Properties 

Johnson React iv i ty Factor 

Properties of Intermediates ~ and Conversion Products 

~'~ 

G e n e r a l  P rope  t r ies  

M o l e c u l a r  Weight 

Mel t ing  Point  

BoiLing Point  
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Temperature ol Transformations 

Density or Specific Gravity 

True 

Bulk 

Thermal Expansion Coef~cient 

Solubilities 

Surface Tension 

Critical P r o p e r t i e s  

Transport Properties 

Heat Capacity 

Vis co sity 

Thermal Conductiv~*y 

Diffusivit F 

cp/c 
l~r amdtl No. 

Di~-fusion Coefficient 

Electr;.cal Conductivity 

Emis sivity 

~bso rpt!vity 

Pe rme ability 

Thermodynamic Properties. 

Heat of Fo rznation 

Enthalpy 

F r e e  Energy of F o r m a t i o n  

EquiIibrium Constant of Formation 

Heat of Fusion 

Heat of Vaporization 

Heat of Transition 

Heat of Combustion 

Heat of Solution 

Activity Coefficient 

Fuga city Coefficient 

Heats o f  Reactions of Selected Reactions 

Equilib riurn Constants of Selected l%eact[ons 
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Vapo  r -  Liqui  d E q u i l i b  r i a  

C ri~ical P r o p e  t r i e s  

K-  F a c t o  r 

V / L  E q u i l i b r i u m  

PVT and Phase Behavior 

C. P r o p e r t i e s  of  R e l a t e d  P r o c e s s i n g  M a t e r i a i s  

F o r  E x a m p l e ,  C a t a l y s t s ,  R e a g e n t s ,  and T r e a t i n g  A g e n t s  

V o l u m e  Z. So l id s_S to rage ,  P r e p a r a t i o n ,  and P r e t r e a t z n e n t  

SamplLng of  Coa! 

P r o j e c t i n g  Data  F r o m  S a m p l e s  

C o a l  C h a r a c t e r i s t i c s  and  T h e i r  R e l a t i o n s h i p  to U t i l i z a ~ o n  

R a w -  Coa l  Handl ing  

]3 r eak ing  and C rush ing  

Sc r e e n ~ g  

Wet  C o n c e n t r a t i o n  of  Coa l  

C o a r s e  Coal  

D e n s e ° M e d i u m  S e p a r a t i o n  

Hydrau~l" c S e p a r a t i o n  

FLue Coa l  

D e n s e - M e d i u m  S e p a r a t i o n  

H y d r a u l i c  C o n c e n t r a t i o n  

F r o t h  F l o t a t i o n  

Dry  C o n c e n t r a t i o n  

M e c h a n i c a l  Dewate  :'ing 

The r m a l  D e w a t e  ring 

C o a l  S t o r a g e  and L o a d i n g  
4~ 

D r y  C o a l  F e e d  S y s t e m s  

A1echanical  F e e d e r s  ~ 

Lock H o p p e r s  ~ 

R e f u s e  R e m o v a l  and I ) i s p o s a l  

C o a l  P r e t  r e a t m e n t  
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Volume 3. Conversion Fundamentals 

A. Gasi~cation 

Fluid Bed 

Steam-Oz 

Steam-Air 

Steam-Hz 

Steam-Hz- CO- COt- Nz 

Dilute Phase 

Entrained 

Ste am- Oz 

Steam-Air 

Texaco- Type 

Steam-O z 

Steam-Air 

Fixed Bed 

Steam- Oz 

Steam-Air 

Molten Bed 

Steam- Oz 

Spouting Bed 

In S itu Gasification* 

B. Liquefaction 

Catalytic With H2 

Ebullating Bed 

Fixed Bed 

O the r s 

Catalytic Without Hz 

Ebullating Bed 

Fixed Bed 

Other s 

Noncatalytic 

With Hz 

Without Hz 
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Do 

P y z o l y s i s  

Low- T e m p e  r a t u r e  

H i gh -  T e m p e r a t u r e  

Fluid-Bed Combustion 

Advanced Power Gene ration* E. 

MH.D* 

Fuel Cells* 

Volume d. Design Procedures (Unit Operations) 

A. Conversion Tables and Numerical Constants* 

B. F l u i d i z a t i o n  

F l u i d - B e d  

Sol id  T r a n s p o r t  

C. F l u i d  F l o w  
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M u l t i pha  se 
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A. Gas  T r e a t i n g  

B. M e t h a n a t i o n  

C. E n v i r  o~ -~en ta l  C o n t r o l  

Gas  ES~ ue n t  s 

L i q u i d  Effluents 

Sol id  Ef f luenz  s 

D. H y d r o g e n  P r o d u c t i o n  

E l e c t  r o t h e  r e a l  

S t e a m - l r o n  

Other 
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Volume 6. IvlisceUaneous Products 

A. M e t h a n o l  

B. Acetylene 

C. A m m o n i a  
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Co r rosion/Ab rasion Data 
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