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I.  P r o j e c t  Objec t ive  

Thc  ob jec t ive  of  th i s  w o r k  is  to  p rov ide  a s i ng l e ,  c c m p r e h e ~ i v e  

s o u r c e  o f  da ta  on coal  c o n v e r s i o n  s y s t e m s .  Th i s  c o m p i l a t i o n  sha l l  be  en -  

t i t l e d  T h e  Coal  C o n v e r s i o n  S y s t e m s  T e c h m c a l  Data  Book  and  sha / /  p r o v i d e  

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

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

O t h e r  c o n c u r r e n t  o b j e c t i v e s  a r e  to  i den t i fy  t hose  a r e a s  w h e r e  da ta  a r e  r e -  

q u i r e d  and  co s u g g e s t  r e s e a r c h  p rogr= ,ms  t/~a~ ~ p r o v i d e  the  r e q u i r e d  da t a .  

The  acope  of work ,  t h e  g e n e r a l  p lan o£ ac t ion ,  and  the  kind of  i n f o r m a -  

t i on  to be c o h e r e d  w e r e  d e t e r m i n e d  ~or the  v a r i o u s  t o p i c s  a s s i g n e d  h igh  

p r i o r i t y  in l a s t  m o n t h ' s  r e p o r t .  T h e s e  d e t e r m i n a t i o n s  a r e  by  no m e a n s  

i i n a l  and  a r e  in t ended  only  as  a p r e l i m i n a r y  s t a r t i n g  p o i n t  The h i g b - ~ r i o r i t y  

t op i c  s a re  -- 

• IAqueLact ion 

• G a s i f i c a t i o n  

• FluLd iza t ion  

• C o m b u s t i o n  

• C o a l ,  c h a r ,  and oi l  s h a l e  p r o p e r t i e s .  

A t e n t a t i v e  da ta  book  index  h a s  b e e n  prepa.-ect. Th i s  d iv ides  the  da ta  

book in to  n ine  vo lumes ,  c o v e ~ n g  s p e c i f i c  app l i cab le  c a t e g o r i e s .  

A r e f e r e n c e  F_de s y s t e m  f o r  t h e  da ta  co l l ec t ed  i s  b e i n g  se t  up, and a 

l i s t  of  r e f e . - ence  s o u r c e s  f o r  the  L i b r a r y  s e a r c h  has  b e e n  p r e p a r e d .  



i z/74 8964 

Not ice  to R e a d e  rs of  Open  F i l e  

Any  c o m m e n t s  about  the  m a t e r i a l  p r e s e n t e d  i n  t h i s  report ,  o r  

s u g g e s t i o n s  abou t  t he  f o r m a t  and t h e  c o n t e n t  of  the  d a t a  book  

a s  wel l  as  t h e  p r i o r i t i e s  of  the n e e d e d  d a t a  a r e  m o s t  w e l c o m e .  

P l e a s e  d i r e c t  any  c o m m u n i c a t i o n s  to  iV~r. B i p i n  A l m a u l a  of  t h e  

Off ice  o f  C o a l  l%ezearch (ZOZ/634-6643) o r  to Dr .  At  TatwaL~.zr 

of  t h e / ~ s t i t u t e  o f  Gas  T e c h n o l o g y  ( 3 1 Z / 2 2 5 - 9 6 0 0 ,  e~-'tension 869). 

IL~. W o r k  .%ccornpl i shed 

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

Scope  o f  W o r k  

We wil l  c o v e r  c o a l  l i q u e f a c t i o n  in t h e  l i q u i d  p h a s e  a t  t h i s  t i m e .  G a s -  

p h a s e  g e n e r a t i o n  o f  o i l  by  p y r o l y s i s  vriLt be c o v e r e d  l a t e r .  

G e n e r a / P l a n  

Only da t a  f o r  s p e c i f i c  l i q u e f a c t i o n  process-L.-~g s t e p s  wi l l  be  c o n s i d e r e d  

at  t h i s  p o i ~ .  .%teas o f  m u t u a l  i n t e r e s t  ~o b o t h  c o a l  ga s - i~ca t i on  a n d  c o a l  

l i que fac t i on ,  s u c h  as  c o a l  hand l ing ,  p r e p a r a t i o n ,  and g a s  c l e a n u p ,  w-ill be  

s e t  a s i d e  t e m p o r a r i l y ' .  

O u r  o v e r a l l  p l a n  i s  to  p r o v i d e  u s e f u l  d a t a  and  no t  s i m p l y  ~- d e s i g n  h a n d -  

book  f o r  p a r t i c u l a r  l i q u e f a c t i o n  p r o c e s s e s .  Of  c o u r s e ,  . this  g e n e r a l  d a t a  

f r a x n e w o r k  m u s t  b e  b u i l t  w i th  the  da t a  a v a i l a b l e  f r o m  the  v a r i o u s  l i q u e f a c t i o n  

p r o c e s s e s  now u n d e r  d e v e | o F m e n t  o r  t h o s e  d e v e l o p e d  in  ~he pas t ,  s u c h  a s  t h e  

Gerxnan  w o r k  du r ing  ".~he 1930 's  and l ? 4 0 ' s .  O v e r  t he  n e x t  2 m o n t h s ,  we 

p lan  to f a m i l i a r i z e  o u r s e l v e s  wi th  t h e  s c o p e  o f  l i q u e f a c t i o n  d e v e l o p m e n t s ~  

v~.th the i n t e n t  o f  m a p p i n g  ou t  the  t ype  and  r a n g e  of  da t a  we shou ld  l i k e  t~ 

i nc lude  in  t he  l i q u e f a c t i o n  s e c t i o n  o f  t he  dat.~ book .  When t h i s  i n i t i a l  ' ~ o m e -  

w o r k "  i s  a c c o m p l i s h e d ,  we p l a n  to v i s i t  t he  o r g a n i z a t i o n s  t h a t  h a v e  b e e n  

ac t ive  in  coa l  l i q u e f a c t i o n  to  d i s c ~ s  d a t a  a t  f i r s t  hand .  T h i s  would  be  done  

by p r i o r  a r r a n g e m e n t  w i th  the  Off ice  o f  C o a l  R e s e a r c h ~ ( O C K )  a s  ~vould o u r  

l i a i s o n  wi th  t h e  o v e r a l l  c o a l  ! i q u e l a - t i a n  m o n i t o r  f o r  OCR, t he  R a l p h / ~  
l 

P a r s o n s  Co. 

A I / t e r a t u r e  s e a r c h  wiU be c a r r i e d  out  c o n c u r r e n t l y  w i t h  the  a b o v e  

firsthand discussions. Much of the 6ider data may have to be covered by 

the  l i t e r a t u r e  search alone. 
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At p r e s e n t ,  we h a v e  i d e n t i f i e d  fou r  m a i n  l i q u e ~ c t i o n  p r o c e s s i n g  a r e a s  

in  w h i c h  we wil l  s e e k  d a t a ;  t h e s e  a r e  I) coa l  d i s s o l u t i o n ,  Z) h y d r o g e n a t i o n ,  

3) s o l i d - l i q u i d  s e p a r a t i o n ,  and 4) c a t a l y s i s .  A b r i e f  our.line of  the  kind o£ 

inforTnat ion  we a n t i c i p a t e  i n c l u d i n g  in e a c h  of  t h e s e  a r e a s  is g i v e n  bel:)w. 

1. Coa l  Disso!u~ion 

a.  P h y s i c a l  and  c h e m i c a l  p r o p e r t i e s  o f  s o l v e n t s  and  coa l  l i q u i d s .  
( T h e s e  m a y  be  i n c l u d e d  in  the  p r o p e r t i e s  s ec t i on .  ) 

b. R a t e s  o£  d i s so luZ ion  o £  v a r i o u s  c o a l s  i n  v a r i o u s  so lven t s  a n d  
so lven t  c o m b i n a t i o n s  as  func t ions  of  t e m p e r a t u r e  and h y d r o g e n  
p a r t i a l  p r e s s u r e .  P a r t i c l e  s i ze  wi l l  a l s o  be  c o n s i d e r e d .  

c.  Hea t ing  of  c o a l - s o l v e n t  s l u r r i e s .  T h i s  r e q u i r e s  i n ~ r m a t i o n  on  
pe r m i s s i b l e  f l ux  and t e m p e r a t u r e  pro~ales  in  t ubu la r  h e a t e r s  as  
well  a s  v e l o c i t y - e , ~ o s i o n  data .  V i s c o s i t y ,  d e n s i t y ,  and  s p e c i f i c  
hea t  and  t h e r m a l  c o n d u c t i v i t y  ~s f u n c t i o n s  o f  t e m p e r a t u r e  a n d  
p r e s s u r e  would  be  r e q u i r e d .  

d. ! ~ , ~ p i n g  of  s l u r r i e s .  The v i s c o s i t y  o f  s l u r r i e s  e n t e r i n g  and 
l eav ing  t~e d i s s o l v i n g  v e s s e l  m u s t  be known.  

2. H y d r o g e n a t i o n  

a .  The d e g r e e  o f  h y d r o g e n a t i o n  a c h i e v a b l e  wi th  v a r i o u s  t e z m p e r a t a x e s  
and h y d r o g e n  p a r t i a l  p r e s s u r e s  for  v a r i o u s  c o a l s  

b.  K i n e t i c s  o f  h y d r o g e n a t i o n  

c. E f f e c t  o f  h y d r o g e n  d o n o r  so tven t  on  t h e  above  

d. H y d r o g e n a t i o n  of  so lven t s  

e. Con t ro l  o£ . t ezmpera tu re  i n  the  h y d r o g e n a t o r  

f. The e f f ec t  o f  r e s i d e n c e  t i m e  on h y d r o g e n a t i o n  

g. Hea t  of r e a c t i o n  f o r  v a r i o u s  coa l s  and  s o l v e n t s .  

3. SoLid-LAquid S e p a r a t i o n  

a.  F i l t r a t i o n .  Spec i f i c  f i l t r a t i o n  ra~es -~or v a r i o u s  coa l s  a n d  s o l v e n t s  
at  p a r t i c u l a r  t e m p e r a t u r e s ,  e t c .  

b. C e n t r i ~ g i n g .  R a t e s  f o r  a p a r t i c u l a r  p r o c e s s  and  i t s  c o n d i t i o n s  

c. H y d r o c l o n e s .  A s  above  

d. Set t l ing  t i m e s .  T e m p e r a t u r e ,  r e s i d e n c e  t i m e ,  and p a r t i c l e  s i z e  
would be c o n s i d e r e d .  

e .  F l o t a t i o n .  T e m p e r a t u r e ,  t i m e ,  p a r t i c l e  s i z e ,  and wet t ing  a g e , ~ s  
would  be  c o n s i d e r e d .  

3 
r 

I N S T I T U T E O F G A 5 T E C H N O L O G Y 
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. Catalysis 

a .  H y d r o g e n a t i o n  c a t a l y s t  life s t u d i e s  and the  e.~fect o f  s u l f u r ,  n i t r o g e n ,  
and m e t a l  contaminants wil l  be considered. 

b, Regeneration data would be obtained also. 

B. GASIFICATION 

Scope o£ Work 

We will initially consider reactions of char with various gases. Coal 

reactions, including devolatilization and initial rapid-rate reactions, will be 

covered at a l a t e r  date. 

G e n e r a l  P l a n  

The  k ine t i c  e q u a t i o n s ,  d e v e l o p e d  f r o m  the  t h e r m o b a l a n c e  d a t a  a t  IGT,  

be used in conjunction with suitable assumptions for ~he £1uidized-bed 

contactin~ sy~te.-~ to describe the various gasi4qcation reactors. The inte- 

grated solutions, which w~l be presented in graphical for~ will demonstra*~e 

the effect of operating variables on the product variables. 

Figure I is given as an example qf the charts that ~dll be developed. 

It indicates the carbon conversion that can be obtained in a sreazn-o>Pxgen 

gasifier as a function o• solids residence time for various amounts o£ steam 

and oxygen in the feed gas. This model is based on the assumption of plug 

flow of~soLids and ~ack-znixed gas flow. Figure I gives the results ~cr four 

r e a c t o r  t e m p e r a t u r e s  a t  70 a r m  p r e s s u r e  while  F i g u r e  Z g i v e s  t h e  s a m e  

data at 1S a t x n o s p h e r e s .  

O~ course~ much addition~l information is needed to completely de- 

scribe the syster~ We are preparing it and wilt present it next montk 

C. FLUZDIZATION 

Scope of Work 

£n tins section, the correlations relevant to fixed-bed and flu£dized- 

bed  c p e r a t g o n  as  we l l  as  t h o s e  p e r t a i n i n g  to s o l i d s - t r a n s p o r t  wi l l  be  c o v e r e d .  

G e n e r a l  P l a n  

Data  a p p l i c a b l e  to ~ u i d i z a t i o n  o£ m a t e r i a l s  i nvo lved  in  coa l  c o n v e r s i o n  

systems will be co l l ec t ed .  Spec i f i c  e m p h a s i s  will be  for m a t e r £ a l s  s u c h  as  

4 



SO - - -  ZA 
eO ----- 

i 70 ----- 
I 6 0 ~ -  

+o  -//I 
$01 ~ /L  

o 

I . . . . . . . . . . .  + . . . . . . . . . . . . . .  

, 1.4 
J 

. . . . . . . . . . . . . .  , . . . . .  ~ .'~--+.. _ i _  
I I  

. . . . . .  ~ " "  . . . . . . . .  I 0 
, / ~ ~ O.ID - . - - - - -  

i._ ~'_~_,~ ~ ~.2 ~ - - = = " ~ ' - -  

, o ~ L : ~ 7 - -  . . . . . . . . . . . . . .  _ _ ~  l I M P  ITSOeF 

. . . . . .  , ,(AId/CARION IN CHAR . . . .  
. . . .  OX'(GIN/C&flOGN IN CHAR 

' i I L I I _  
IO lO 30 40 5(1 60 70 IIO IN) 104 

CHAR H E S I O I ' H : (  TIME, ink+ 

"JO 
le 

8 I4o 
~ SO 
w u. 

40 

30 
O I0 s'O 

,,~,,t~_ ~ . . . . .  ~ :.~.., 

. . . . . . . .  :--::t_':: 
_ _  , , ,  " ; ' : ' t : ° J : ,  , , ,R  

- -O l l  

- - -  o~Yoe . /cAm. , .  CHaR 

L I I I I L _ _  
SO 4O SO 4O 70 I 0  IO I00 

CHAR RESIDENCE TIME,  rain , ,~, 

, , , J  

. . , j  a ~  

~:.,~ ~.~ 

IO0 - - ~  . . . . .  ~ ' - ' r ' - - -  

$O 
~O 20 30 40 SO SO l0  IlO ~0 104) 

CI IAI I  RESIO£NCE l I M E ,  m;n . ,  ,, 

!'1 
eo 

4o  

3O 
0 

TgMP ~ ' F  
H T ( A M / C A R O O N  IN CHAgl 

" - - -  - - - - N  O X Y O F N I C A R B O H  IN  CHAR " 

; 0  / 0  110 40' SO IO TO SO e o  zoo 

CHAR RESIDENCE TIME.  mk~ J .t 4 

~i F i s u r e  1. STIr;AM-OXYGEN GASIFICATION OF DEVOLATtLIZEI) iRELAND MINE CHAN AT VARIOUS 
TEMPERATURES AND AT 70-arm PRESSURE 

I-., 
N 



I00 

9~ m 

P~ 8Q . . . . . .  / 

40 . . . "~  ~ STEAMICARnO,~ IH CHAR 

- - - - - - I  OX¥~E./CAR,O~L.__[_. '~1 CHAR " - -  . , ~  

~°o ,o ~o ~o 40 ~o 9o ~ eo 9o ,%0 ] '* :~J 
RESIDENCE TIME, rnln 91'~ ~*,"~ CHAR 

19o 

9O 

l.- 
g£ 

0 
U 
,¢[ ".r 
U 

[.i 
bJ 
eL 

40 

/ / _ ~ _  0.13' / / 
_ _  . ~ .  >~.~_-__ .~.~ =- -~  . . . .  

- 

r / / .  

3 0  
0 I0 

i i 
i I : 

2 0  30 40 BO 60 70 

CHAR ~ESIDENCE TIME, mln 

TEMP 1800*'F 

gTEAM/CARBOHIH CHAR 
~ - -  OXTGEN/CARBORIH CHAR 

I I I I I 
eo 9o 19o 

"4 

I00 L~> ''~ 0 ~ . : " ~ 2  

~ _ . ~  . . . . . . . .  

f4l '~ 
I/ TEMP 1850"F 

40 / ~ STEAM/CAREON IN CIIAR 
- - -  oXYoE.ICA.OO. ,. CHAR 

~0 I I 1 ! I 
0 [0 20 30 40 ~0 GO TO 80 9o Io0 

CHAR RESIDENCE TIME,rain 
i,$t 

80 

!'° 
< 60 

60 E - - - -  Ld 
[¢1 eL 

40 

30 
0 

. . . . . .  I I I l l 
TEMP IOOOJF 

STE'AMICAfIRON IN CHAR 
. . . . . . . . .  - - ~ - -  OXYOEH/CARBON IN CHAR - -  

I I I I I 
IO ' 20 30 40 80 GO ?0 80 90 I00 

CHAR RESIDENCE TIME, min ..,t..~ 

Figure Z~ STEAM-OXYGEN GASIFICATION OF DEVOLATILIZED IRELAND ]VL[NE o CHAK AT VARIOUS 
TEIVIPERATURES AND AT 15-arm PRESSURE 

( ~ e / " / ' ,  



I Z/74 8964 

coal, char, and solid residues or similar materials. Then applicability 

of avaLtable generalized correlations to accurately describe such data will be 

determined, and, where necessary', new or modified correlations will be pre- 

pared if suificient data exist. The kind of information that will be collected 

/~ the various areas of flu£dization is outlined below. 

I. F i x e d - B e d  Ope r a t i o n s  

T h e o r e t i c a l  and  e x p e r i m e n t a l  c o r r e l a t i o n s  to e s t i m a t e -  

a. P r E s s u r e  d r o p  

b. H e a t - t r a n s f e r  c o e f f i c i e n t  

c. Diffusion and mass transfer coefficients in isothermal and non-  
isothermal systems. 

Z. Flu£dized-3ed Operations 

Theoretical and experin~enta) correlations to estimate-- 

a. Minimum fiuidization velocity 

b. Fluid£zed-bed densities 

c. Bubble properties 

d. Gas and solids mixing characteristics 

e. T e r m i n a l  v e l o c i t y ,  e n t r a i n m e n t ,  and t r a n s p o r t  d i s e n g a g e m e n t  
height 

f. Heat-transfer coefficients between particles and gas and between 
fluidized beds and surfaces 

g. Selection and design of distributors 

h. Selection and design of fluidized-bed internals. 

3. Dilute-Phas.. e Systems 

Correlations to estimate the physical properties of cocurrent 
and counte rcur rent gas- solid systems. 

4 .  S p o u t i n g  Beds  

T h e o r e t i c a l  and e x p e r i ~ . e n t a l  c o r r e l a t i o n s  t o  e s t i m a t e -  

a. Minimura spouting veloc/.~y 

b. Spoutable bed depth and average bed density 

c. Gas- and solids-mLz_ing characteristics 

d. H e a t - t r a n s f e r  c o e f f i c i e n t s  b e t w e e n  p a r t i c l e s  and  g a s  and  b e t w e e n  
spouting beds and surfaces 

I !~ S T I T U T E O F G A S T E C H N O t O G Y 
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5. G a s - S o l i d s  T r a n s p o r t  S y s t e m s  

a.  T h e o r e t i c a l  and e x p e r i m e n t a l  c o r r e l a t i o n s  to est-lrnate g a s - s o l i d  
transport characteristics in horizontal, inclined, and vertical 
pipelines 

b. Design and performance of mechanical and nonn%echanical dilute 
and dense-phase ~ow control devices. 

. G a s - S o l i d s  Separa t io  n S y s t e m s  

a. Des ig~  and perforn%ance of  cyc lones  

b.  D e s i g n  and p e r f o r m a n c e  o f  cyc l i c  f i l t e r s .  

D. COAIBUSTION 

• Low- Tempe rature ( Fluidized- Bed) Combustion 

Scope of  "~-0rk 

Data on/!uidized-bed combustion (from the l i t e r a t u r e  ~nd OCK reports) 

will be compiled in this section. 

Genera l  P l an  

The s e a r c h  has b e e n  s t a r t e d  on ava i l ab l e  h e a t - t r a n s f e r  c o r r e l a t i o n s .  

The fluidiza~ion p r o p e r t i e s  needed  fo r  n e c e s s a r y  ca l cu l a t i ons  wil l  be  c o o r d i -  

na ted  with the  f lu id iza t ion  sec t ion .  

Heat Transfer in F~.uidized Beds 

For possible use in the presentation of heat-transfer estimation pro- 

cedures, proposed correlations are being evaluated. Particular en%phasis 

is on the adequacy of these for the large particle sizes (>40012~n~) encountered 

in fluidized-bed coal-combustion systems. The work and correlations 

developed by investigations in the U. S. S. P~. have been sunl, narized by Gelperin 

and Einste£n. I This work is  currently hein E evaluated. 

The heat transfer from a fluidized bed to a submerged surface depends 

on the degree of bed expansion that, in general, is measured at the saxne 

tithe as the heat-transfer rate. For esti~mation purposes, therefore, bed 

I Gelperin, N. I. and Einstein, V. G., "Heat Transfer in Fluidized Beds," 
in Davidson, J. F. and Harrison, D., Eds., Fluidization, Chapter i0, 
471-540. New York: .-%cadendc Press, 1971. 
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d e n s i t i e s  a s  f u n c t i o n s  of  gas  v e l o c i t i e s  m u s t ,  i n  g e n e r a l ,  a l s o  b e  e s t i m a t e d .  

H o w e v e r ,  t h e  Sov i e t  w o r k e r s  i m p l y  tha t  the  m a x i m u m  h e a t - t r a n s f e r  coef fLc i -  

e n t  to  a g i v e n  s u r f a c e  is  a f u n c t i o n  on ly  of  gas  and p a r t i c l e  p r o p e r t i e s .  T h e r e -  

f o r e ,  e s t i m a t i o n  o f  the  m a x i m u m  c o e f f i c i e n t  wil l  be  the  f i r s t  goa l ;  then ,  

e s t i m a t i o n  a t  o t h e r  f low r a t e r  ~ / 1  f o l l o w  when  e s t i m a t i o n  p r o c e d u r e s  f o r  b e d  

d e n s i t i e s  a r e  e s t a b l i s h e d .  

Hi,h-Temperature (~I-ID) C o m b u s t i o n  

O CR has initiated w o r k  on compilation and evaluation of certain phases 

of Ik4/-ID data at the Argonne National Laboratories. The data developed under 

this effort wi~ be evaltmte4 and coordinated by iGT for inclusion into Th.._..e_e 

Coal Conversion Systems Technical Data Book. 

E. COAL, CHAR, AND OIL SHALE PROPERTIES 

Data  on  c o a l  p r o p e r t i e s  were s u r v e y e d ,  and  a t e n t a t i v e  l i s t  f o r  c o n -  

s i d e r a t i o n  was  p r e p a r e d  ( T a b l e  I ) .  T h r e e  m e t h o d s  o f  p r e s e n t i n g  da ta  a r e  

being considered: 

I. 

Z. 

. 

A compilation of basic data on sangples from ixnportant coal seams 
t h a t  a r e  r e l e v a n t  to c o n v e r s i o n  p r o c e s s e s .  P r o x i m a t e  and u l t i m a t e  
a n a l y s e s ,  c a l o r i f i c  v a l u e ,  and  pe~ . rographic  p r o p e r t i e s  wou ld  be  " - 
c l u d e d .  T h e  P e n n  S ta te  Coa l  Da ta  B a s e  has  t e n t a t i v e l y  b e e n  s e l e c t e d  
a s  t h e  m a i n  s o u r c e  o f  such  da t a .  The  Coa l  R e s e a r c h  S e c t i o n  of  t he  
C o l l e g e  o f  E a r t h  and  M i n e r a l  S c i e n c e s ,  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  c o n t r a c t  wi th  OCP~, h a s  c o U e c t e d  s a m p l e s  o f  a b o u t  Zb0 coa l s  
and  h a s  o b t a i n e d  ( o r  is  o b t a i n i n g  ) e x t e n s i v e  da ta  on  e a c h  of  t h e m .  
T h i s  c an  b e  s u p p l e m e n t e d  b y  da ta  f r o m  o t h e r  s o u r c e s .  A f o r m a t  wi th  
p r o p e r t i e s  t e n t a t i v e l y  s e l e c t e d  f o r  i n c l u s i o n  in  the  c o m p i l a t i o n  i s  
s h o w n  in T a b l e  2. 

T a b u l a r  o r  o t h e r  d a t a  c o v e r i n g  a s ing l e  p r o p e r t y  o r  g r o u p s  o f  p r o p e r -  
t i e s .  T h e  a m o u n t  o f  da t a  a v a i l a b l e  f o r  a g i v e n  p r o p e r t y  v a r i e s  g r e a t l y .  
F o r  e x a m p l e ,  t a b l e s  f r o m  t h e  B u r e a u  of  M i n e s  B u l l e t i n  No. 610___, on 
" P l a s t i c ,  A g g l u t i n a t i n g ,  and  F ' r e e - S w e l l i n g  P r o p e r t i e s  o f  A m e r i c a n  
C o a l s , "  m i g h t  be  i n c l u d e d  i n  toto~ f o r  o t h e r  p r o p e r t i e s  ( s u c h  as  
d i e l e c t r i c  c o n s t a n t  a n d  p e r m e a b ~ i t y ) ,  on ly  a f ew da t a  f r o m  i n d i v i d u a l  
i n v e s t i g a t o r s  m a y  be  a v a i l a b l e .  

C o r r e l a t i o n s ,  e x p r e s s e d  as  f o r m u l a s  and g r a p h s .  E x a m p l e s  i nc lude  
the  Dulong  f o r m u l a  f o r  c a l o r i f i c  v a l u e  and v a r i a t i o n  o f  t r u e  d e n s i t y  wi th  
carbon and hydrogen content. 

9 
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Table I. LIST OF COAL PI%OPERTLES 

Proximate Analysis 
M o i s t u r e  
A s h  
Vo la t i l e  M a t t e r  
FLied Carbon 

Ultimate Analysis 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Oxygen 

Petrographic Properties 
Mace ral Analysis 

Vitrinite 
Exinite 
Resinite 
Mic rinite 
Semifusinite 
Fusinite 

Vitrinite Refle ctance 

Calorific Value 
Forms of Sulfur 

PF r i t i c  
Sui~ate 
Organic 

Chlo rime Conten t  

Rank Clas sification 
Rank 
Fixed Carbon, dry, n~zn-free 
Equilibrium Moistu re 
Calorific Value, moist, n%zn-free 

Structure 
Po ro sity 
lmo re-Size Distribution 
Surface Area 
True Density 

~_ineral IVlatter Characteristics 
E l e m e n t a l  Composition 

Si Oz 
AlzO3 
FezO 3, etc. 

Mine  ralogical P rope tries 
Composition 

Kaolinite 
Quartz, eZc. 

Size and Shape of Grains 

8964 
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Table I, 
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Cont. LIST OF COAL PROPERTIES 

A s h - S o f t e n i n g  P o i n t s  
T r a c e  E l e m e n t s  

G r i d d i n g  and Handl ing  C h a r a c t e r i s t i c s  
Ab ca sivene s s 
An~/e O~ R e . o o s e  
Bulk Density 
Appa rent (Particle) Density 
Flow Properties 
Friability 
!-Ia r d g r o v e  G rindab£1ity I n d e x  
Microhardness 
Slacking 
Rate of Oxidation (Spontaneous Combustion) 

Miscellaneous Properties 
Compressibility 
Dielectric Constant 
Elasticity 
Electrical Resistivity 
H e a t  Capacity 
P e  r r n e a b i l i t y  
Thermal C o n d u c t i v i t y  
Thermal Di~usivity 
The rmal Expansion 

Cal~.ng and Ca rbonization Prope r~ie s 
Free- SweLling Index 
Agglome ration I ndex  
G ray-King Assay 
Low-Temperature Carbor_£zation Assa 7 (BM) Yield: 

Char 
Tar 
Ligh t  Oil 
Gas  
War e r 

G i e s e l e  r P l a s t o m e t e  r T e s t  
I n i t i a l  Sof tening T e m p e r a t u r e  
F u s i o n  T e m p e  r a t u r e  
Temperature of  M a x i m u m  F l u i d i t y  
S o l i d i f i c a t i o n  T e m p e r a t u r e  

A u d i b e r t - A r n u  Di '~atomete  r T e s t  

L i q u e f a c t i o n  P r o p e  t r i e s  
Y ie ld  by  B a t c h  Autoclave T e s t  

G a s i f i c a t i o n  P r o p e r t i e s  
Johnson Reactivity Factor ' 
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Table Z. FORIk6-A T FOR COMPiLA TIO 
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F. / ~ S C E L L A N E O U S  

I. F i l i n g  S y s t e m  

A c e n t r a l  f i l ing s y - t e m  w£11 be  e s t a b l i s h e d  w h e r e  aid t h e  r e v i e w e d  

i~I format ion  wil t  be s t o r e d .  A c a r d  index  with c r o s s - r e f e r e n c e s  wil l  a l so  

be p r e p a r e d .  

2. Library. Search 

The 

ao 

b. 

C° 

d. 

e° 

L 

g. 

fo l lowing s o u r c e s  will be s e a r c h e d  for  r e l a t e d  £n_Cormation: 

Chemical Abstrac*.s 

Enginee rin~ Index 

.Government Repo~ Index (NTIS) 

Superintendent of Docuznents Annual Index 

Bureau of Mines' Index 

Air Pollution Index 

AC5 Fuel Division Reprints 

Geo log i ca l  Su rveys  of  S ta t e  

3. Data  Book  lndex  

An outlim-~ of the c o n t e n t s  o f  t h e  da ta  book  has  b e e n  p r e p a r e d .  I t  

diVides the  da ta  book into n ine  v o l u m e s .  (See the  Append ix .  ) 

T h i s  i s  a p r e l i n ~ n a r y  o u t l i n e  and  sub jec t  to c h a n g e .  S u b s e c t i o n s  o f  

somme of  t he  v o l u ~ e s  have  b e e n  i d e n t i f i e d  in  d_-takt, a l t h o u g h  the  b r e a k d o v n  

of o t h e r s  h a s  not ye t  b e e n  c o n s i d e r e d .  This  is  on ly  a s t a r t i n g  point  f o r  

the da ta  b o o k  index.  E v e n t u a l l y ,  a l og i ca l  d e c i m a l  i ndex  w o u l d  be deve loped  

tha t  would  b e  u n i f o r n ~ y  a p p l i c a b l e  to  t h e  whole da ta  book .  

TV. Patent  Status 

The w o r k  per formed dur ing D e c e m b e r  is not cons idered  tmtentable. 

V. F t Z u r e  Work  

T h e  ~ r k  will be c o n t i n u e d  on the  s e l e c t e d  h i g h - p r i o r i t y  ~opics in p r e p a -  

rat'-on f o r  m e e t i n g s  wi th  OCR m o n i t o r s  and c o ,  f a c t o r s  a c t i v e  in  the.~e a r e a s ,  

Signed 
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Approved 
W. W' Bodle,  D i r e c t o r  
P r o c e s s  A n a l y s i s  

A. Talw-a lkar ,  Coo . -d ina to r  
P r o c e s s  Da ta  
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Voltur.e i. 

- ~..~ ~ . ~ - , ~  ~ ~ ' ~  

A-P!~EI~DL~. Data Book Outline 

l~ro~erties of Rav~ IV!_aterialsr Interlnediates; and,,Products 

~ r o p e r t i e s  of Coa ls ,  Coa l 'Cha r s ,  and Oil Shales  

Pro~i rna te  Ana lys i s  

Mois ture  

Ash 

Volatile Matte  r 

Fixed Carbon  

Ultimate Analysis 

Ca rbon 

Hydrogen  

Ni t rogen 

Sulfur 

Ash 

OxTgen 

P e t r o g r a p h i c  P r o p e r t i e s  

IV~ace ral  A n a l y s i s  

Yi t r in i te  

Exiui te  

l~es izdte 

ZVfic r i ~ i t  e 

Semifusin£te  

Fus in i t e  

Vit r in i te  Reflectance 

~Io~c Value 

F o r m s  o£ Sulfur  

l~l~tic 
Sulfate 

0 rganic  

Chlor ine  Content  

E~ank Clas sHica t ion  

~ank 

Fixed Carbon,  Dry, r a m - F r e e  

Equ i l ib r ium M o i s t u r e  

Ca lo r i~c  Value,  lV~ist, r a m - F r e e  

8964 
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St r u c t u r e  

Po ro s i ty  

P o r e - S i z e  D i s t r i b u t i o n  

Sur face  A r e a  

True  Dens i ty  

Mineral Matte r Cha rac'-e ristics 

E l e m e n t a l  Composition 

SiOz 

Alz03 

Fez03, etc. 

Mine ralogical Prope riles 

Composition 

Kaolinite 

Quartz, etc. 

Size and Shape of Grains 

Ash-  Sof tening  P o i n t s  

T r ace  E l e m e n t s  

G rinclim@ and Hand l i ng  Cha  rac te  r i s t i c  s 

Ab r a s i v e n e  ss 

Angle of Repose 

Bulk Density 

Appa ren t  ( P a  r t i c l e )  Dens i ty  

F low P r o p e r t i e s  

F r i a b i l i t y  

Ha rdg rove  G r indabi l iZy Index 

M i c r o h a r d n e s s  

Slac king 

Rate o f  C.~idat ion (Spontaneous  C o m b u s t i o n )  

M i s c e l l a n e o u s  P r o p e  r t ie~  

C o m p r e  s s i b i l i t  y 

D i e l e c t r i c  C o n s t a n t  

E l a s t i c i t y  

E l ec~ r i ca l  R e s i s t i v i t y  

Heat  C a p a c i t y  

Pe r m e a b i l i z y  

T h e r m a l  C o n d u c t i v i t y  
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The rn%al Diffusiv!ty 

Thermal Expansion 

Caking and C~-rbonization Properties 

F r e e - S w e l l i n g  i n d e x  

Agglome ration Index 

G ray-E/rig Assay 

Low-Temperature Carbonization Assay (BM) Yield: 

Char 

Tar 

Light Oil 

Gas 

Water 

G e i s e l e r  P l a s t o m e ~ e r  T e s t  

Init~.al Softening Temperature 

Fusion Temperature 

Ten~perature of Maximum Fluidity 

Solidification Tempe rature 

-~udibert-Arnu Dilatometer Test 

Liquefaction Properties 

Yield by Batch Autoclave Test 

G a sification _~roperties 

Johnson Reactivity Factor 

~. imroper~es of Conversion Products 

G ene r a l  P rope  z%ies 

~ o l e c u l a  z" Weigh t  

M e l t i n g  P o i n t  

Bo i l i ng  P o i n t  

T e z n p e r a t u r e  of  T r a n s f o r m a t i o n s  

D e n s i t y  o r  S p e c i f i c  G r a r i t y  

T r u e  

B u l k  

T h e r m a l  E x p a n s i o n  Coef f i c i en£  

S o l u b i l i t i e s  

S u r f a c e  T e n s i o n  

C r i t i c a  I P r o p e  t r i es  

16 



T r a n s p o r t  P r o p e  rt~es 

Heat  Capaci ty  

Vis co si ty 

The rma l  Conduct ivi ty  

Diffusivi ty  

C / C  p v 

P randtl  No. 

Diffusion Coeff ic ient  

E l e c t r i c a l  Conduct ivi ty  

ErmJ s sivit  y 

Abso rpt ivi ty  

Pe rmeab i l i t y  

The r m o d y n a m i c  P rope  t r i es  

Heat  of F o r m a t i o n  

Enthalpy 

Free E n e r g y  of Formation 

E q u i l i b r i u m  Constant of F o r m a t i o n  

Heat  of Fus ion  

Heat  of Vapor iza t ion  

Heat of Transition 

Heat of Combustion 

Heat of Solution 

Activity Coefficient 

Fugaci~y Coefficient 

Heats of Reactions of Selected Reactions 

Equilibrium Constants of Selected Reactions 

Vapo r- Liquid Equilibria 

C ritical Prope tries 

K-Factor 

V / L  Equ i l i b r ium 

PVT and P h a s e  Behavior  

P r o p e r t i e s  of Re la ted  P r o c e s s i n g  Ma te r i a l s  

F o r  Example ,  Ca ta lys t s ,  Reagents ,  and T r e a t i n g  AgenZs 

8 9 6 4  
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Volume 2. Solids Storage, Preparazie.n, and Pretreatment 

Sampling of Coal 

Projecting Data From Samples 

Coal Characteristics and Their Relationship to Utilization 

Raw-Coal Handling 

Breaking and Crushing 

Screening 

Wet Concentration of Coa: 

Coarse Coal 

Dense-Medium Separation 

Hyd:auiic Separation 

Fine Coal 

Dense-l%~edium Separation 

Hydraulic Concentration 

Froth Flotation 

Dry Concentration 

Mechamical Dewate ring 

T h e  teem! De.-ate ring 

Coal Storage and Loading 

Refuse Removal and Disposal 

Coal Pret reatment 

Volume 3. Conversion Fundamentals 

A. Ga si/ication 

Fluid Bed 

Steam-Oz 

Steam-Air 

Steam-Hz 

Steam-Hz- CO1 COz-Nz 

Dilute Phase 

Entrained 

S t e a m -  Oz 

Steam-Aiz 

Texaco- Type 

Steam-Oz 

Steam-Air 

1 8  
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Fixed Bed 

Steam-Oz 

S t eam-Ai  r 

Molten Bed 

Steam-Oz 

Spouting Bed 

B. L iquefac t ion  

Catalytic With Hz- 

Vbullating ]Bed 

Fixed Bed 

Other s  

Cata lyt ic  Without Hz 

Ebullati~g Bed 

Fixed  Bed 

Others 

Noncatalytic 

With H2 

Without Hz 

C. PTrolTsis 

L o w - T e m p e  r a t u r e  

High- Tc--'.%pe r a t u r e  

D. Fluid-Bed Combustion 

E. High- Tem~)era ture  Comb,, usl:ion (1VIHD) 

Coal 

Gas 

Volume 4. Design Procedures (Unit Operations) 

A. Fiuidization 

Fluid-Bed 

Solid T ranspo rt 

B. Fluid Flow 

Single-  Pha  s e 

Multiphase 

C. Heat  T r a n s f e r  

19 
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Volume 5. Supporting Processes 

A. .Gas Treatin ~ 

B. Methanation 

C. Environmental Control 

Gas Effluents 

Liquid Effluents 

Solid Effluents 

D. Hydrogen Production 

Elect rothe rmal 

Steam-lron 

Other 

Volume 6. i%~scellaneous Products 

A. Methanol 

m. Acetylene 

C. ~nmomia 

Volume 7. ~/£ater£als of Construction 

2£. Refracto rio s 

Proper t / e s  

Corrosion/Abrasion Data 

B. Ceramics 

Properties 

Co rro sion/Ab ra sion Data 

C. ~als and AI!oys 

Prope tries 

Corrosion/Abrasion Data 

D. Plastics 

P rop~ r~ie s 

Volumae 8. Equipment Spec~c. atio,~ 

Volume 9. Cost Data and Costin~ Procedures 
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