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I.  Project Objective 

The objective of tb-s work is to provide a single, comprehensive 

source of data on coal conversion systems. %'3~s compilaticn shall be 

entitled The Coal Conversion Systems Techn£ca! Data Book and shall pro- 

vide up-to-date data and infor~tion for the research, development, design, 

engineering: and construction of coal conversion proceszes and/or plants. 

Other concurrent objectives are to identify those areas where data are re- 

quired and to suggest research programs that will provide the required data. 

H. S u m m a r y  

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

We h a v e  c o m p l e t e d  o u r  p r e l i m i n a r y  s e a r c h  of  t h e  l i t e r a t u r e  and t h e  

a n n o t a t e d  b i b l i o g r a p h y  i s  p r e s e n t e d .  

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

T h e  p r o d u c t  gas  c o m p o s i t i o n  and the  t o t a l  n u m b e r  of  m o l e s  o f  gas  p r o -  

d u c e d  a r e  p r e s e n t e d  a s  a f u n c t i o n  o f  c a r b o n  c o n v e r s i o n  and  o p e r a t i n g  p a r a m -  

e t e r s  f o r  the  s t e a m - c h a r  g a s i / i c a t i o n  w i th  e x t e r n a l  h e a t  input .  

F l u i d f z  a t i on  

C o r r e l a t i o n s  f o r  bed  e x p a n s i o n  a r e  r e c o m m e n d e d ,  and  r e s u l t s  o f  the  

investigations of TDH correlations and available data are given. The available 

data on entrainrnen~ and elutriation a re also tabulated. 
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Combustion 

No significant work was done in this area this month. 

Coal, Char. and Oil Shale Properties 

The available data on mineral matters in coal are reported. 

Notice to Readers o~ Open Fi,~.e, 

_Any con~--n~ents abou~ the material presented in this report or sugges- 

tions about the format and the content of the data book as wel, l as the priori- 

ties of the needed data are most welcome. Please direct an3: cornxnunications 

to Mr. Bipin/-~Iznaula of EZ~DA (ZOZ/634-6643) or to Dr. A1 Talwal[:ar o~ the 

Insti~.ute of Gas Technology (312/225-9600, Ext. 869). 

ILL VIork Accomplished 

A. LIQUEFACTION 

We have completed our Prelhninar y search of the literature. 

annotated bibliography is presented in Table i. 

An 

B. GASIFICATION 

i. Stea~n-Char Gasi~cation in Fluidized Bed 

a. Gas Composition Versus Carbon Conversion Curves 

In the last monthly report, carbon conversion versus solids residence 

t~.rne curves were presented for the stealn-char gasification. After sizing 

the gasifier using those curves, it is necessary to know the quantity and 

the composition of the product gas. The curves in Figures l, 5, 9, and 13 

show the total number of moles of product gas; Figures Z to 4, 6 to 8, i0 to 

IZ, and 14 to 16 show the composition of the product gas as a function of 

the feed carbon conversion for a given s~eam 4_'eed, operating temperature, 

and pressure. The curves, ~or a generalized application, have been normal- 

ized with respect to the carbon in the char feed to the gasiler. 

Z 

I N S T I T U T E O F G A S T E C H N O L 0 G Y 
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Table I, Part i. PRELLMINARY SAMPLE OF COAL ] 

P r o j e c t / R e ~ r t  T~tle 

.q-COAL 

~ r o l c r L  H - C C A L  R c p o r l  
+.~ + r o c - p  • ~JeveFoD~ent ,  
H y ~ o c ~  r t ~ n  R e , c a  r ¢ h  
i n  ~ t l t U l ~ l  ~ date 

:~ulve nl ~. 
5 o l v c n i  

P r  op4P r i l e *  
C c . L  Type. 

S t u d i e d  

~ u r ~ '  P h y  sLcai 
P r o p ¢  ~ I + +  .w r e ( l ~ r  t 

~hd H e a l -  LI~MLd 

l yp¢~*  h y C ~ o -  
~ e . l t e d  a n d  

a ; c d  

I l l i n o i s  Nu.  ~a, 
t t a h  D - S e a m  
.'~ o rt h D a k o t a  
l lg r . i t¢  

~ I tu rna le  l n t e R r a J ;  ~ e a , ~ l v a t l o n  . Catal~ys: . lEe. p r e b s u P e .  SIZe .  ¢'.,.'~p~.~;Ll~n; "AFt* ~i ~tll~ 
a h a l v s e ~ ,  d a t a .  p ~ e ~ u r t .  T.*~m- t e m ~ p a : t a r e . . ~ ¢ e  i ~ , , ~ , ,  . C~C~ un  
Sp C r  

P r u ~ e ¢ !  ~ . ' r l | r r n  Coal 

F.n.a l  ~ e p ~ - ~ :  p r o  ec t  

P r e l e c t  ~ e l c ~ k e  

~ ' r ~ e c t  ~ e , ~ c o k c -  
~ ' h ~ c  ~! F~n~l R e p o r t .  
C ~ z a l v : ~ r  Hv C rotr~a:~n& 
9f  C o a } - D e r ~ v e d  L ~ ; d ~ ,  

D ~ c e m b e  r I ~,~. 

t~hen~nth  ra  - 
¢en~ r ~ l - ~ , e  r l ~ ' ~  h%~zU~ ~:,.n o!  coal  - , .~ ,*l~+¢ ~ C.,,- %:, , ". -~c . , : . . , ;  r * j .  

E.~-Jd, uacl<3~ ~,A .~'ro)ec: 
H - C C A L  by . -~n le r lcan O~! 
C o . .  p r e p a r e d  -Sop CCF~ 
C o m r a c ~  ~a .  L4-0._..~l-0OOJ- 

K e p o ~ .  A . ' n e r t c , * n  O i l  
• ~ r o J e c t  .%0. ~1,~'0_.~, A p r d *  
A u g u s t  J967. 

"Mar~q0*/ tcs,  J..~t.. e l  a~[, ~ ¢ l a i  
E q m p m e n c  in  t l~ ,  C o a i - H y d r o ~ e n -  

B u r e a ~  o .  ~ .%daneb : ~  I..4 51~I (19 ~0). 

T h z l  r e p o t 2  ¢ o m p a P e l  tJhe e c o n o r m ~  e [ t z r ~ a ~ e l  J-na¢~. by  H y d r o c a r ~  R e l ~ a r c h  Inc .  
a n d  by A . r rx  n c u  C ~  Co.  T h e  e c o n o m i c  * v ~ t ~ o ~  ~s i b s ¢ u l n e d  ~= deta, d ,  

F o r  9 ~  ¢ o s v e r l l o n  I * ~  °- +Pu~ o~1¢¢ ~ :  

I p p r o x  ~ h~  

t 3 
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FA C TIOxN DA TA A VA ILA BiLITY 

P-od~ct  P r o d u c t  Solid/ 
CaJ ~o]~d r~q t~d  S u t t u l  of 

Pvop~ ~ : e ~  ]>rop~r~tes  ~ p a  r a t i o ~  ~ e v ~ l o y * ~ n t  
oc~roceas 

F l o w  S~ee t  

C o n ~ p ~ ; ¢ t ~  % a ~ r  P a r t a c l e  Palo:  p~anc Deta iLed  ~ w  
~tz~ daStCt-  sheel ~ r  
b~o . .  c u m m e  =¢ia~ 
c y c l o n e  p l a n :  d e s i g n  
capaeltle$ 

• t,~at*= t ' la l  an~ 
Erie r t~v BaI=.C~ 

DeuJ . led  m i l s  a~d 
h e a t  b a l a n c e s  f o r  
co r rune  rcza l  p l a n t  

C o l t  D~t~ 

C O l t  e l t , ~ t e  
t.or ¢ornr t le  r c z c t  
p l a n t  

I b e n c h - s c a l e  

I pzIo= pla=¢ 

S l o c k  d~agra~ Iot- 
va  rLous ~e¢~ton~ 
o .  t t h e  p.'OCeSS 

~ ¢ G n o r n l ¢  e~=Lrn~t¢~ 
(ba~=d  o n  30 .000  bb|;,day| 
L96T Cost .  a |~o On 
1 0 9 . 0 0 0  b b I / d a y  

A ¢~eIl~oc:s t i 'at ~0~ 
p14~t a t  
Lotct | ¢ a ~ ,  ~ 0 o  

• D e t ~ | e d  dXagrara  
o .  l va=tou~  e q = i ~  
rn~=t  l~led tn  t ~  
p ta~z  

• O v e r a U  f l o w  
dxagra : ' n  o .  C the 
p r o ¢ ¢ 8 o  

E75030511a 
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Table 1, Part 2. PRELIMINARY SAMPLE OF C O .  

L ~ K h r c y .  P. W.. ' ~ y m -  
~I~lt~LI'Z'~ Oft C~al H y d r o R e n °  
allot% D t l | ~ ; n  c f  l ~ l r e ~ & t c r l  
and H e l l  rA ( ;~aL l l l ~ r l  ~or 
Co~l HydroReMLton  P l a i t s . "  
T r a n l ,  A m ,  Sac. :~l~ch. ~'n~ 

~'~3nI and O=q ra t l r l  K C o i l s  
P~' dz; ; t t  Gaiohtsq-  r 

Co,:[  Hydro~en&tto~L U. 5.  R.  M. 
*~u~ ~ t  Dt4q,  

S l u r r y  P h y s i c a l  
~ | v r n t ~ .  / ~ r o ~ r t l e J  
:)~*tvcnl C~a l  Types and F ie i ¢ -  

~ "T r i n * f e  r p a t a  

~ e r .  c t  aI.._. "The R e l a t i o n  C o a l  l i q u i d  
~1 Ca~l C h ~ r & c s e r i s u c s  t~o P r o d u c t  l r o m  

R e p ~  ,~O.,~J lUJ~ll~atted to 
N'~i r .  A z r e e m e n ~  ~ o .  ZIO.  
Pent~syLvaflLa S l a t e  Umv. .  
~.la rch 1974.  

"~he R r l a b o n  of Coa l  
Ch i ra~ '~ (P~ l~ l c I  l O CoA~, 
L:q~eLacteon ~ b a v ~  ~," 

R e ~  ~I,.~Z |~bznzt ted ".o 
~ F ' ,  ~ g r e e m e n t  ~0 .  Z I~ .  
l - '~nn*y lvanxa Rtal¢ Un~v.  
Av4~ u~[ i~T4.  

C;;vcn e~ a l .  , I~-pcndC.nc~ 
,~  Cual  L~qu~lac~mn B e -  
h ~ v ; o e  vn  Coal C h a r a c t e r *  
;~l~c .. M r ~ o r t  =ubn~tt ted 
"-~ CCR. C o n t r a ¢ l  .%o. 1 " 4 - 0 | -  
0 ~  ~ - ~ q o ~ o .  o ~ .  

5ta~e Lf l lV. .I~I~e i - ,  |@'~'4o 

Me~hano l  • Wyorn~r~ ~I tL. ' I r~¢  ana ly6Le  
bz t u.'r~no ~ 

• Notch  ~ k o t a  
Izg~ze 

• It'.on,aria 
I " k b L t ~ n g d  

• EZbno~* 
b ; t  um;~no ~1 

• Pi t t  I b ~ t I h  

n o ~  

o K~. n: uc k'~ 

H y ~  tor te  n a i l , ;  • '~i~1~ r a ;  
~ e n o . n t h  r aceme  • Kcn .~cky  
C b ~ - n ~ c a !  ~ o .  9 

• ~ d ~ a . ~ a  K o .  6 
a n a | y * i i  • J o d s m  ~;o. 7 

• L ~ - r  D e k o v e n  
• ZH,n~zl N0. 4 

• Pitt gbur;?1 

• Red ~ o n c  K u n k e  
• 1 . y ~ n *  M t ~  
• l m b ~ d e n  

P r e s c o t t  
• O h i o  ,~o. t~ 
• M e i s s  CreeK.  

• Ohm ,No. 11 
• O t u o  .~o .  I - '  
• 0 ~ ' o  ,~o. I Z A  
• Ohio No. 6 

~ n ~ e n e .  
~ t h  r acene  
CM 

P r o d t ~ t  
L ~ q W d  _ Rate, D I t a  Y~eld ~ t r ~ . e t u r ¢  - _ _ ~  

C o n : l n ~ o u l .  T. ~vl%'lrBI I t  • ;~J r i t z , , .  
"- 3oI, 'a:zo: 
" H,e!r,,cra,kxnK 

i r o n  g i s d r  ~ r  ~ r ~ n  
~ , . u c e  4 ~  1run  
D~'l~'eJte ~ar l 'a t%,bwrKh 

• .n  dL l l ~a l~ l ]  .*UIIpr • 

G~ l f  ~r,,~rze~ar~ 
, a l a | ~  : 1  

C*,*~tzn~,, ,~u~, ~ .  *-.%ol%atl,,n [;~,11 iwr.,prz¢.lar% 
"- Hv,lr,~c ra¢ k ;n~  • a z i h  -z 

K~ ~ U ¢  an4Ly sl~ 

~ t c h  

I 
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~Ih LIQUEFACTION DATA AVAILABILITY 

Fvod~sc~ F' rodv~t  S o h d /  
~.a~ ~ t ~  L~qmd Sea tt.~ o£ 

~ro  ~ ~'~ses ~ ~ ' ~ r a t L o n  D e v e l o p m e n t  
Process  

Flow 5h~c~ 
~tat  e rLal ,~r~ 

~ ~he hot  cazch-  .~0.000 b b l / d ~ y .  
Pot bot tom I ~' p lan t s  a r e  

Gc rmaz~y 

• Over . l l  flow 
d ~ K r ~ m  

* FIo',~ IlncCl~ / o r  
v a ~ o ~  pla l~s  

I~*vc r~) l l  p l a n t )  

B e n c h - ~ c a l c  

a s h .  % o~ 
~ e n ~ n ¢  za l -  
~ze~ r e .  ~due 

~ n ¢ | l . S c a l e  

[ Iqu~ facl[z~-r, r ~1~,1 

FILt ~ a t s ~  B e n c h - s c a l e  

E75030511b 
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Table  I, Part 3. PRELIMINARY SAMPLE OF CC 

p r o ; e r l  If~F~,~ T i t l +  

.~ch,~elLnKer e l  a l _  R e l a t l ~  
m p r e l l ~ t e d  

C 4 1 1 I V m l s  l o t "  ~ a I  H y ~ p + o  
~ e ~ c + + ~  ~ . S . B . ~ 8 .  R e p o r t  

~ q ~ l i C U O ~  a l ~  C l ~ m ~ c ~ l  
k e l L h ; ~  O-* C O l l " ~ J ~  ~41$1¢rlilP 
~ n e r i y  p r o g r a m  R e l ~ r t )  
Bat t~  l e .  C + l m ' ~ b u - .  Ju,I) 

~l~, r r ~  .Imhy aL e l l  
% . : . ' f  At I .  P T O ~  ~ l & l  

:~ . Iv+ , 'L  C o a l  T y l p e D  a n d  l l e a t -  
P r l  a +  PI I P -  ~ l e ~  T r l n l  fa" • D l t . l  

~ n z e ~ r  

R •t1. ~a~a YI+II~  .~I F . e l t l . .  { ; l l l l ' l '  lit 

~.  p .  ~ c a l ~ h r l l  .~o lv~4en~Tn 

• l k ~ h n l ;  po in t  r l k ~ l  co~1 ¥ 1 e l ~  e ~  • :~m¢+.nen of  O. L - .  a t - :  $Frr~w* 
• ~'I~4Mly ~ t t s b u P ~ . h  hOh~Ola r  eo ;~b t l l tw  L r ~ n  
• +%@llp~l& • , l i m  ~ r a l l ~ t e  : 

i o | , - k t l  ~I V 

L t q . s e  
~_P.mmmm 

+:i .S. .dr~ l ( + r ;  +'s - t  + I .  
. % i n ~ . l ,  +';IL.,I s + f  ; k e r m l l  

: A . . o l v l l v . . . I  l+-- .vl : -%'~lal l l1 .  
Ull~'rmm,,,L- C . . * I .  " ' ~ l ~ m l ~ l l ~  v a r l o ~  cxb~ r  
I . l  (+~-~. ~+.=l'tllP~l..l p + .  | 4 -  . , l l v l M I  I P e  
00~ ; . "  : I .  _~4.; ' .%+. l _ _ - . - -  rcp+ r T ~ .  

• % eS~ ract lo l~  

A . d e r l ~ m  t-I + | + " l ' t a l h  

A K m m ~  S ~ u ~ . . I C ~ , ~ L  

Jo ~ I 4 L ~ I L C  H~;#*P.~( ' t14|L~n ~ r O I f p l 0 f *  
4. ~ I I ( ~ T .  ~ f Q p i ( ~  ~ r ~  f i l e l  

A R e ~ e ~  u (  ~ v e l e ~ l ~ ¢ . t  o.* Cua~ ar.c T ~ r  HvcPo;e r . l~ lon  T ~ h ~ , o e e ; ) .  ¢ e v f r t  h n  4~rt4~l| 

r .  C + i p r . l |  K c . u l : l  + I  . + l + . . t . 1 - ~ l e  H%l~r+l~4P1h~tl..l~ 
T. }+<+~ I m + m  

~ l l r l l l ' ~  ~I  K I ~ I . I (  (:,LII.LI :;.# ) u l l l l t l ~ l & l r & ¢ l | u r l  + I  t+. . l l  ~}t+ " ~ f l f & l l m  i *  l ~ l ~ f ~ l + .  
.~ee .  P r o p -  
1.1,111+i of ~P,~lllb.,llp~" a K  e f l t r ~  ~ a¢ lO%l l io t~  I*  -t~G11.~..°or v e r s u ; *  F~rc~rM~ues fKtFACfC. 

A r e p o r t  J n  hq~h-e~erKy  Q~eh hFStml ;  am4= b y ~ r e ~ r n  arc: p tab r rw  p v r o | y n P  ~*~ 1Lec tern  Ll~t~-c: :4~w" * c o a l .  

KAII4r~(s u~ ¢ ~ |  LP~r&cIAoD ~y ~* " .  J* 4 t q i f & h ¥ a r o ~ h t h a l ~  { t e t T l l m )  ~l~klT | l l~  I + * t ~ n C t  o~ ~ l r m l ~ m n l (  ~ • v ~ t  

I 



8964 

%L LIQUEFACTION DATA AVAILABILITY 

Gas SoA~," ,L.x q ~  d ,..~a Cua o f  PI"OCelJl 
P l n w  S~e~ 

• ~ l b t~  r i ~  a n d  
£n~rz~v l ~ l a n c P  

~ t  nLtJl&ll.x~J 

• .~,~J,* baEa~ce of 
h t t  s b u r i : h  mea.'~rl 
,coal  v= aux<,¢|a~.e 

E75030511c 
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P r o | + ~ . / R e p o ~  F s l i c  

K.~Mr&t¢ C¢lml~ l  .-1.1on 
o~ C ~ |  ~'~yroly l l l l l  and 
C o + t  /~lU a ~ l u ~ l o n  

' ~ S ~ l + c s  e .  ~ t b ~  H y d r o -  
~ temovat  ,'+f S . l ~ u r .  

F r o m  • T ' ~ * ~ ( m p ~ t 4 1 L L r t  

,pl~l~e41~ ~k'4tlllPrn t o . I |  
A e ~ 1 6 r c h  l i d  De*PeiopIPIM~l 
R~-port ) ; o .  "8 , "Comvets~oa  
o f  Coa:  : n l o  L~q~u~*. F*md 
RzpoPt, '  O4~R C+n~ra¢¢ .~e. 
£ 4 . 0  [ -00O,| - . " ;  1. U~I sP~rll fly 

'~4)iveD2 R e / u u ~  o f  C o ~ l :  
~ll¢lr ,  l l r o ~ d  |rJOl+wui&lon o n  
So lven :  £ x t  r i¢~Lol l  c~. e Cc~d 
| o r  ~C,-UI~L ." ~ l l t r a c &  
.~o.  P . P -  | Z J -  I - ~ .  ~ ¢ w 1 1  
1 9 . 4 .  

v " q u ~ L s d l e n  of  K . ~ l l l ~ t ~ , l ~  
C o s |  by ~o ; vem L~cr.~ 'd 
Goa£ P r o < e l l  ~ H - C O A L  
P r a ~ s ~ a l  fOIP £ r 1 ~  
( J [ l e c t r t c  ] P ~ r  R e s e a r c h  
lassc~t~e) C o n t r : . c t  No. 
I K P . | . ' . t - Z .  ~ L o I ~ P r  1574 .  

J o t ~ s a n .  C.  ~ .  - *  .~_~ 

F r o m  A u n t  r l l /~ l lS ~ r o w n  
C o ~ l  by  ~ H - C O A L  
P r ~ c c s e .  P r o c e e d ~ l *  o t  
I c ' k lk lh  W o l ' l ~  P e l l ~ I e u m  

X ' o L 4  ( i m : l ) .  

S I ~ I v ~ L  
~ | v e n t  

voL~tde 

coa!  

Table I ,  P ~ t  4.  I:'RELI]VIINARY SAIW_PLE OF COA,L LIC 

S l v r  ry  I :~y  I l C i ~  +- 
P r O I ~  c i t e s  P e o ~ t  

H e a t -  . l . s q m 4  
T. -mnl l fer  ~ l l a  l l . l t~  ; ) 6 t l  ..... "l'~,z.~d ~ r u c t u r e  C I I W I | v l I  I ~ 0 1 ~ I I  

e A ( o m p 4 r t l m a  i s  p r l l ¢ C : l l ~ d  oJ[ ¢ ~ I  l ~ r o ~ , y l l l  a t  t4:~p~ratl41Pltt l  r l l o l q  l~r()l~l 4 0 9  e %0 4 0 T ' C  
L~d Lber=rd~;. d l l l . % W ~ O a  Of  COJII IJ~ t e t rLLus  I t  ¢ e ~ r . p e r l t U r e l  flr41~ul ( .~ror~ 3 ~ 0 "  to  4 ~ ' C .  

• ~ mod~J IS p r ¢ l + ~ l d  + TII=TA~I I ~  two  p r o c t l l C l  i I ~  l + ~ n ~  t~h( I~LIW..~;C/I=C+ O" + h i  
I L m I ~ T I ~ C I  ~ l m ~  t h e  t~l~ ~ o c e l s e s .  

~ I C I  0~" ]~'~'I=TO'pIL'I[~Wl| O~ S* O,  .~ I -"~ ¢l't4Pr'lTIl~+l~ 

Twind,ln-~l~L++| k:tlm~rt~c d i l l  J[or I ~ r o l y l l l S .  I o l v l r ~ t  e l ~ r a c t s o n ,  mnl~t hy.+rOlCe~lltSo~. 
~-nC~z ~ e d  I~ r  kydrol~e,~l lUon c l . ~ l y l l t .  

P.mthTIIceme OLI • w e s t  Coral eot~so~.  

• I ~ e l q ~ . m J I  • U b ~ L m  ~ o .  
a l l l  lyll i l l  

cmurves 

• A l ~ l l y s a s  o |  
¢ ~ l s  

• J ' l e a ~ n l l  v~b,~  

A i I J i r a c t l ~  1~1 F . I t l ~ r O ~ l ~ t s  L ~  . e v e r z t y  
• APL I ~ r a ~ W  c a l l  (U tah  H~¢h severAt~ 
• ~ i e ~ l ~ l ~  a r e a )  

aus~ys~,a 
• Eh.stJU~t.m~ 

c ~ l l l  
L~bora tc . ryo :sc~ le  e ~ l p ~ r u m 4 r ~  w e r e  c & r n e d  o~-~ u m l :  1. S o l v m ~ l - r l l h l l e d  CO41 p rocesJ  

Al~s t  r l l t ~ s n  
~ r o ~  ¢041J 

C o n t l n l l o u l .  J-. T .  .~of l¢3uly~L¢ 
¢04!  ~ee© rat© 

.~u~¢ztas y t l ¢  ~* r  

c lml l /~  .*o~.eas 

C ~ r c u m i  
c St iL ly* :  / 4 r  
H - C O A L ,  

2. H q i b -  a n d  I o w * ~ r l J y  H - C O A L  P r o c e s s  

C o m m e  r c ~ l  
h ~ l  r O l l ~ o n  
ca~41~yit 

• Al~+ i:+'llV'l~, 
C..+'to ' : . .~ :  
t ~ e a o t  -6~ ¶ 

• . 5 o £ e ~ o n l l  
• .~ltrolte15 ¢C 
• HellCm,i v ~  

I 
9 
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EFACTION DATA AVAILABILITY 

PtO~++ct P r o d u ~  5ohd I 
Ca1 5<~d Llqmud 5ta¢um of 

.... Devetopm~n: 
P¢ocet • 

F|~,= Sh~,: 
54Ate imaL an~. 

C?st" D.~ta 

a~a~, *L~ (wapor. 
~hasc ~hrom~- 
le~ra~h~} 

ET5030511d 
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Table  1. Part 5. PRELL'V~INARY SA]~_PLE OF CO 

C~dd I~y T ~ ' ~ n l  I ~ ~h J k ~ h ~ e c e n e  @use l l~d  ~ren~ 
h v d  teleak. C ~ l e r ~  d a ~ l . t  o~n ~ . ~  ~d~ s e a m  

• o... - .  ~. , .  . 

~ - H  : "  

l u ~ l ~  ~ L  l ~ r m a ~  Cm. .  
" ' D 1 n m L e l r ~ o e  P'L~-.t 
~ a ~ / S e ~ r  JF'vmim 
. - - Inns ~ Pre2JaSi~Lo 
~ r l r  D e  n U ~  lC, o ~ t  

.%0. s , ' .  

:,.o. 1 "Y':)e ¢. ~';~. 

~. e~. ~.,.u-n 

A b c ~  r ~ ' v ~  ~ u ~  Do~v~nl  r c | u ~ , ~  ( o i |  p t u c I r e e  ~ , ~  ~tdr~ o£ - ~ . ~ a r r n  ~ ' r v t ( ~ .  i n . .  

~.4t&lnndll~lS |Zvc al~4~Vl~ ~ ~ i ~ L e  p r o d u c t s  ~PmT ~ 1  ~ r  ~ r ~ c ~ c f  Ln 8F~r O ~ n s | r A k l ~  ~ 1 .  

. 

]1  
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' COA L LIQUEFACTION DATA AVAILABILITY 

~ / ~ r o d ~ x  Gas prodc, cZ ~ l i d  ..~o1~d/L~qu,.id S~azu~ o f  
F low  ~ h e e t  __  

M ~ e r L ~ a n d  

L~bora~ory S*m~l i£Led  / I o~  
d ; a g r a r n  

T h r e e  p*lot ~l;tntJ o n  
holvenv.-  re£llled CO;L[ 

c o m p l e t e d  

CO:)I~ e ~ t t r n a t i o n  

* :Sazc. cpc r~ :mg :~. T, 
and n '~ te r ;a |  of ¢om- 
s t r u c t i o n  , s  r e p o r t e d  
/ o r  a l l  : h e  *K~mJ t o  be  
u ~ e d  zn the pl;a~t 

• Dct~Xed b lock / /o~"  

* U e L a ~ e d  block d ~ -  
g r a n ~  of  zhe plant 

• L ~ a d e d  process 
f l o w  d i a g r a m  

• F l o w  dLiu~rarns o t  
d ;.~e ~"e n t unr, t i, 

• ~etat le~ energy and F /xed cap*ta| *nvestn~ncs, 
w~terLat  :'~Zanc¢ 10. 000 tons /day  coa! feed 
Zor Fa:S, cherniCalo p1~.rzt 
and ~,ater requ i red  

D75071T23 

.2 
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Table .,' P a r t  6.  PRELIMINARY SAAgPLE OF CO; 

"~c chn l :a l  E ~ a l ~ t  ~og 
.~cevace~. Cleln L l ~ d  
a n d / o e  .go~ta Fuet l  F r o m  

• ~0o 4_. L A~.~uac 1974. 

PIllsbury: & .~:)d~ly Coat 

t~.~nt ¢d~ • P rocc l~  lo t  
l-'rod~ac~n# da'. A~lh~i~ 
Ln~-$ul~ur  F ~ t  F r o m  
Co.~l @CtK C o ~ r a ~ ,  ,go. 
t 4-0 ~ -~001-4gt~. 

bo]Veg l .  
S~l¢=~l C~II  : y ~ ,  S lur ry  Physical .~r~4uc'~ Lsqu/d 

: ) r°c~ '~ l~r  ~c~-~d~,d Pro~R~e~ E.atf O ~  I f l¢ [~ g t t v c t ~  C a l l | v i i  P r o h e ~ ? . -  

~ .%0. ~J. "fh~ repot~, det~crill¢, thc CJchadl 0." th~r d~'l lgn o*' aU Jecliortv ~ the  plln: ~laet.  
tergr~ Reno~ Xe. ~. AaliClIh~ted mecha,~ca! and p r o C e l l  probd~ma are d~sc~*s~<~ 

" l ~ a q : n  of  Print P lanL 
J t,w*e lq71 .  

~ ' a ,  S3, llhn~La 
!me ru~  Reliort .~ .  _= L- .d i~ t  
VoL i~Kn~in~c r~n~ Kentucky 
.~uclzl:l. ~ar~ Z "C:C;G in the p.'o/m*ec~ C@G ~ef~e~. .  the SAC ~ro~esa s, <or.'.~ine~ ~ t h  *e~eral ocher penCel~el I|~c~ CC~-~) p~.Ol~l~if. I~j_~.a~. i.:.p~L ~ 
l~.ertflery ~(o~"onllc a,n~ hyCretreatmlg procesa by Aglant~¢ RL¢hl'ield. Th ; I  rx-.poR co~duc:* the eco~omac Ina~.).all o. • the le  :,~11"~rj¢4¢~l. 
£ v a l ~ i O . o  PI'~II~ L.'" 

.~o. SJ.  Detas2ed dessltn a ~  ¢ ( o ~ r , ~ c  cviL~lt lorx of the CCG reftnerv ta prcxent¢cL 

VaL _I F.a&,~cc~ax- 

Ir~erLrr, ~cporc *~uu. 5. P~ttsbmrlih Je l fn  
VoL i F-~Lne~rlaR Upper F ~ e p m e ~  
F ~ t i e m .  Pa~t  4 "'/m- seam 
pact u f  ~RC Pr~l:ca:. '" East l ln l  Kemr.cky 
j ,4y  ; q 7-;. IUmoi~ 

P O L I ~  &~d env|ron~t tn lh~L mtt~dy o f  the  &o;~cn~ ~ [ ~  ¢o41 ~ i ~ t  { p r o p 6 ~ d ) ,  b~ 
¢ c ~ u t e  r m~.~hdJ~tlon ~ , ~  | ~ n c 4 r  p r o  8 r a i n  I 

1 
13 
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'%L LIQUEFACTION DATA AVAIL~_BILI. TY 

P r ~  r t lc~ Y r n p c  r t~ea . .  ~epa  r~t~o~ D e v e l o p m e n t  .~'i~* ~l,~'et ~ e  r ~  i~'~lance Co~t  Daut 

r t l t r a t t o r .  P i lo t  p |~t t t  d c ~ i ~ n  • D t q ~ l c d  e u g i n c e r l n g  
~IQw dta l : rAm 

e .Eqmprne~ hst 

• B lock  d i a g r a m  ol  
COG r c f ~ © r y  ( C ~  
means C o : l * O k i = f a s )  

O v c ; a l !  n ~ t c r l a l  
b a l a = c e  

( ~ s c d  o n  ; 00.  000 b b t /  
day  o f  ;l ' . 'z[d {eed~,tcck) 
2 0 0 - 5 0 0  r n ; I I i o n  S C . F /  
day o£ ~.~h-P~u ga~. 
E¢ono~:~kfJ ,) f  ~ll  t h e  
~roces~ca r.hal wi l l  be  
Ua4~d I n  COG reC, n e r y .  

Developmer,¢ s u ~ : e  * D e t a t l e d  floyd, 
ct tag.-a r n l  

• "~.r t e l  ~ c | ¢ r ~ l i o n  
of each ~ j o r  
e q u t p m e ~  

Det~Lled  n ~ e r L ~ l  
a~L] ¢11cr14Y D4]an¢¢ 

Bas i * :  tO0, O ~  b b l ; d a y  
.~;-' .'( IG*SCF /day  I~a= 
£cono.~ic~¢ ud~": o v e r a | t  
~nd  b r o k e n  : lou~ ~. 
ecct lone.  In~ta l l©d co1¢, 
r r ~ n i m ~  r r~qu i rcd ,  
ut i l i ty  r e q u i r e d ,  opera t ing  
cost. R~te  o f  Retu rn  on 
l~ve~trnont.  

|.*T:,07172~ 

2 
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Table 1, Part 7. PRELII~INARY SAI~PLE OF 

Wrslb¢, C~L ~L et  a l .  
~ ~ _ ~ _ _ . ~ .  

. 5¢~¢~ . .  Pa re  f 

m e ~ I i ,  " Oct.  IqTl. 

~oLvenKs, 
.~K)L~.I C(MI "J[ ypca  

P rope rt t e l  Stud~ed 

~ l ~ l y .  ¥( ice~_,ty I~|t~Lr~Unev~i 

• M i d d l e  o i l  f r l ¢ -  * Kemuc:ky  .%~. | l  
t i l l  e~ h y d r o -  • K~nx;;cM:. ,~o. qP 
le~it~d pl'oCtll • [oli 

• P e n n i )  l ~ i m a  

d e r i v e d  o {  m l  ~ u b b | | u m t l ~ o u i  
~4 yomBn~ 

• L u r l ~  o r  ¢ O k ~  * ( ~ h r r i d a . ]  
t~ r  • W yOml~ K 

• /i. | i  i ~ll.I 
• ,~e~ M e x : c o  

(SuJ r~) 
• : ~ o ~ h  Llakata 

|1,4~ r¢~ r) 
• .~or',,h Dakor.~ 

( S u : k e )  

S l u r r y  P h )  I~ca i  
P r o l ~ r t  lea M.ate DII . I  Yield Ste~Lur~ C.~¢~| ~ ~ 

^ v l K i ~ l v ¢  t i l t 4  ~en~l~r&tur¢. p r ~ i a v r ¢ .  
eoLv¢. , ( /co . , !  r . * ~  

~ l ~ e i  o [  ¢~¢p l rumen¢ i  v i ~ l ¢  v i r l o ~  Cy),lcll , , [  ¢ ~ 1 .  ~ulv¢nL~.  
&l~d o i > r r l l m  K c o n d i t i o n s  ~ e  ¢~re~e~ ou~. V~sc~,.ztv d o | .  i r ~  
• ] l lO e v •  I I,l.M.ed. 

K ~ J n  G ~ a  CkU~K,  £Kper~mcnLaJ i tut .~¢a o n  p f o ¢ o l ~ l ~  rmner ,~ l  r¢u~d~d~ o [ t h e  l u t v I n t * . ' ~ f s n e d  c u l l  p r ~ c e ~ ,  ~ . ~ ,  u ~ d ~ e t ~ .  
~ RI~.P__~I '~ .~o. ~ *  ~ 'he K I l I l f C h  i i  d~ r~c~ ld  Iowa rd t he  u u h z a t ~ a ~  @f the  c O l i  m l s e r l I i  ( o r  t ~  p l ~ e u c t t u e  ,,1 i P ~ n . . u | [ ~ r ,  
L n t e r l m  R e p o r t  N~.~|I. lad nn~ap~ l l  w o o l  
Y o L  :V .  P r o ~ u ~  ~ e s .  

¢o&[ I l l . I l l  I .  

~ k l  I I  • r t p ~ r t  o n  : ~  ¢ b t ~ i ~ C l |  r c i ¢ l ~ o r l l  • ~ d  ~ 1 ¢ i  u l  c a r ~  ~ i | I~C IL |O I~  f o r  t he  p r ~ l l c ~ | o R  O f | ~ l  I I  
I~r l t~h l~ l i l  i l l  l i d  I ~ b l ~ q U ~ l ~  ~ ¢ ~ v e r y  ~ ~ron ~J~d l ~ | [ u ¢  f ~ m  tlMr ¢¢~1| m ~ n l . - & l i  o l l ~ l l l ~ d  i i  . f e l l l k ~ I  ~ f  

SI~C P r o c e . i ,  

F¢¢¢ e ~ r i y  o~" r ~ • ¢ ' ¢ l ~ l  
~Dr COl t  ~ U ~ r t | l  

P a c t  $, " ' p r o d ~  Feo~n  

Iron Scale UnsvQrm~ly.  
JAr~ :9?$ .  

Jbr]hL~n~ R~ V . ,  N.~D 
h e  r r  No  S~ ~e. -~ . rn  K e p o l  , . . . . . . . . . . .  
Ae,e4 l~ .~o. I Z .  V o / / Y .  
Pro*l-~-c~ S T Y . .  P i ~ - 4 .  
"S~lZ~r R e m o v A l  | ' r u m  
Cc~ ) l u ~ r i l * . "  ~,AIh- 
m l t c l f l  .~41¢¢ U l u ~ e r l l K i t .  

J C n l C n .  G A .  D 

P rodu~ ' t  S ¢ ~ h l s .  Pl l~-- '~.  
' D c * ' e l ~ p r n e r ~  ~nd  l lat~-- 

u {  C L ~ I  ~r~ral,.' WAIH. 

;~ :  . : 77_ ¢. 

P r ~4,h6¢'L I,~lq~ 

I i 5  
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LIQUEFACTION DATA AVAILABILITY 

( IoF CO,~) a Del~memA J n ~ l y l l l z  
i ~ m l d  $~L l~ r  • r ' o~a l ;  p r o p e ~ t ~ s  

¢ h r e ~ .  
i ~l* ; i l l~ l l  d y 

Soh~;L~,~u~d S¢~um oE 
~eDa ration ~eve|yprnent 

f*~l~ r 1~4on L a b Q r a ~  ry -  s~aJ~ 
e x p e r t m e ~  

Process 
Flo~S~eet 

Mate riaL and 
F.n e rK~ Bslanee 

Ivlat c ri~t bldaec¢: 

C o s t  D a t a  
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Table  1, P a r t  8. P R E ~ R Y  SAI~LPLE OF 

S o l ~ s .  
• ol~t m. Co~kl I ~ e a  

_ .~t~p~ r~  e s 5 r m S ~  pre" ~ IRe rt T t  

Ralp~ ~ p l r s o , u  ~d),, 
1 ] ~ 6~ F e . s d l d t t y  Repor t -  
C ~ l l e l  ~ynr~ect( F ~ I  
process -- 5y~t-h~l~c 
crude P ~ O ~ u c t ~  OCI~ 
Ce~51r~t~i~ :~.  /4-OJ-OQO|- 

bst~r;m ~ .%~._~ , 

CaasoL~cLut~)n ~ a t  Co.. 
fxve lopment  o l  ~-SF 

Coal L~kqtaefa~r~o~ pro*  
c ¢ ~ *  C o m ~ *  ct  ~1o. ~4- 

~ ~  ~ .  ~ .  i U ~ e  /LaJ~ys i i*  l~ t c~sbuz |h  seu~r~ 

V~l.  / I  p r ~ t  Gasoline • K~r~-~i~ imi*x  • U l iao is  : 
Prel~JC~ pl~u~ Phase ! • ~ polar * ~ w c s t e r n  
h s c s r e . h  a~ C S F  pr~cesuo V u l c ~ y  U. c A .  
p s r c L " ~ e ~ l  T.J~tt~c~,.~. • l r lvorescem L~l i .  
~ r s m  F~l:rl~|*oh. L id r.m~r ~baorpt~a 

T~ropert ms 
Pro4ucc l .~q~ It 

P-ate ~4Jt& Y~e~d S[ ru¢l~re ClZ.~ y Ir t Pl'oil~ P~4~ 

Batch •ad C~U~AVe~ 
el~uU st ed bed 

* c " | ~ t m l c u l  f o l i o  * Cob* l :  m a l y l l e s e  e u  • C l t u n u e  on*hm*J  
• IC'mrac=:o~ t e m p e r e t u ~ 8  i t lumlm4 • K 6 t e  ..r ~ 1 4 r r  eeJmraS~ 
• H y P h e n  psqlosm'~t * ~ r k l l s o ~  4~4~, f.lltt~cJj- ~rmm hydrqlM~8¢dJ4/~ 

~.es~m~ee z ~  a~u.o~ etqt4~es • De'~sLty 
* Ihr4 caqteu~Nm • V~seNny 
• G~8 bubb|e • S4JrL~ee ~ m  
• Dt~mtil4qtm8 ~ q u ~  * Hy~lres~n Nbdudacv 
• C~s t ys t  c s r r 3~v~ :  • D~s|m411s~t4m d ~  

~.m~eL--t4~i~ ~ Co.. 

v o .  xv .  ~oau . " '3 ._ ,~ .  
~ p  I l td  ~d~lNIJ~ ~pqlrll | ; .mBl 
me C m S ~ p  Fdoc  JPS~C'  

(AU udonn~uee  ts ~o~ 

Con~ l~Lu tkm C~UL~ ~ ,  

m44st O( ~ Pro~q:ss" 

• .Semoeo ~ o 1 ~  •~l.*"e~bd" arkme) 
• V iel~l lLt y 
• ~ d * r . ~ u e e  

• .Sumec9 F. .5 .  • I ~ t t s l w s r | h  e 4 4 m o  ~,%scostLy • R e a ~  ~-lmlR.al~ f a r  
s a t t m s t  (/.mJa.md ~ )  c e s J  e d r * ~  

• P r e c c s o  d e r i v e d  P m r v d o  o e t ~  o r d e r  

• YlgcolJl#,v -- 7 
• D 4 n i j n v  -- 9 

T, P. se~qmiu 

~ D _ C ~  ~ .  . ~ . , n t  • r . ,  . . . . .  

. Z ~ . ~ l ~ , ~ . ~ ,  ~ - ~ , ~ ¢ ,  
p r t p S r e M  Jo t  0CI I~  Rq:e**Au o t  v a r t m m  .*qms UmLm8 eb.l~erem s o i v ~ n U  s n r  lueSeqL mad p I I I ~ m . u I T  o t  • **e, Smmst f o r  Ibe  p r e c o o s  so "%1: .,~mecqJ. 
~ e c e m b ~ r  19"11~ ( A U  JF~dot ~ tsH0dte * t ~  ceeql~red l ,h tb  b e e c b - e c l d e  tm~  nss~ls.  

~ r ~ q L  ) 

Flv.kemi~at~m belmmper • DmUIIIT 
~ V ~ e v 4  c ~ r e l a .  : Vp0ceely ~ m q l  
trams) * . , ~ U e .  

/ 
17 
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)AL ~.,IOU]~FACTION DATA AVAILABILITY 

~ r . ~ . e t  ~4~1i d ~ l i d  If..iqtud 
~c rat ion 

~ U t ~  ol Proces s  Male r l a l  and 
l~velople~ent , F low Sheee £.ne~g~- Balance 

~ o 4 : e l t j  de811~ of  a • D e t a i l e d / ~ w  di~grarn Detai led mx~erLal 
c:on-.n~rcia~ I:tant to  for  v ~ r ~ u s  sect lo~t  balance 
p ~ d ~ : c  synLhct~C cru~e o-~ tl',e p l a ~  
o,1 .from ¢ox l  I ~  Co=sot • D e s c r i p ~ r ~  o~v'~riot~ 
Proee • • eq~pmcn~ 

~ o p t  Daza 

~canormc  ewctuation o~ 
the Consol  plato (m 
det6~)  46.000 bb l /day  
cr~tdc 

F ~ t r ~ i c ~ .  C r m ~ p  pLloc ~l~u~ • ~roce~s  block ]:*conomLc ~eaatbihzy 
F'L~tra, t ~  d~.~ ~vasl- ~ a g r a m  Jt~dy of  the peocees 
ab le  

F ~ .  rmo ~-  ~ : n c h - a c t l ¢  L~i~ . u ~  * ~ e u t l e d  ~l~w d i a ; r t ~ J  
F~Itration ~ p re l i znmary  i : t~he8  * /~etaUlj ©~ v&rm~ul 

.for • pLloc pLtu~ cq.,~pcncn: 

Solvents  Employed ~ ~ r | y  Co~lol  S ~ d f e a  
2 ~ ' ~ t e t l ~ U * e d  a~ ~]ven~s ;  

T t ~ r a ~  ~ c c ~ .  clL~ect~yLu~ph~ha~eam, oc~dcc~ne ,  n-c~cxu~, d ~ m c ~ h y | d c c ~  L ~ m .  cyclohex~0ol ,  o-eycioh~cylph~uoL. 
~ep r~ l~n~L methyb~pht.~U~eae. ~ p l ~ u y l .  ~hcmmchre:ze. di-hydropl~e.~n~hrene, pe~hyd~ophemu~/ss~es~e, l~heno[, r e . p - c r e s o l s .  
o - c r ~ m l .  ~ybmcIi .  ~ ~e | e~ed  ~ u ~ s  o~ I.he aLove. 

~/a~ra~ ~elvent~: 

The mtt~tral Jolve~t,t tLSed included ~ t r i o ~  fratc~*or~J tm~ti~q iz~ ~ range 190" to 390"C and ~e r ived  £rora: 
Coat ~ r ~ m u  

H~d t ' ~ e a s t t c n  
H~lro~rack~a~ ~f  Coal  ~ r ~ : ~ . s  
Aromat i c  ~ r n l e u m  O ~ e  

I= s d d ~ o u  to &he above, ~r~r;.-us pr~ducuJ c~ertved there~ro.-~, by h~,droKeuatio~, r ecyc le  ~hrough coal  eJ~rac*.Lon o r  rernovxt 
oZ usr ~ k ~ s  =~:rc :e~ced. 

Pr~tsnure ~ra~on. ~..~ot plmut 8t ( ; r~=ap • Daca~ed ncr~ sheet Forced  n ' . ~ c r i a l  I 
F~ltrst~on d~.a  ( ~ r ~ - ~ )  of  the plssc t)~J~mce 

( ~ - ~  - T ) ( m  de~t] )  * Det~Lt~ c t r a ~ s  
l~ l~e .~owe Lit allu~ of val~Ot~ secuom~ 
m ~  o! the pl~nz ~md 

eq~lprr~-~ 

• V a r / ~ l a o  tn  I ' l~rmcAom Prior p l u x  ( : o r  • DecaUed now ¢ks r t  
p a r ~ ¢ ~  p r o p t r ~ j  (3PerfarmLacc C~.~) dmmto-~mem o~ * I ~ . s U *  o[ var~ 'uJ  

• ~ 4 / s ~ a  CSF  P r o c e s s )  equZpmen~ and 
• D e C r Y  eoc~tous ~f the .oien. 

~ , t e  r '~1 b~Z~L~Ce 

DTSOTL?26 
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Ta.b+e 1, Psrt 9. PRELIMINARY S.adV,.PLE OF CO~ 

-+s+nllr~ r~a |  J~vl~i~l ~ 

¢onso! ~ymb~t;m F V l  

[ ; : p~ r t .  Jsn. L9?1. 

ra t  l e t  ~ h ~ l l ¢  r C ~ r p . ,  

ant+ l%e~++ of Cc~mNl 
~ y + ' ¢  puel P+I~4[II .  

I¢.GI -O0@~+-'~S - -  

"/,+II+ P t l l ~ b l . ~ l y  ~[l- 
~ole - ConlOl Syml~l+~ 
Fuel P r o o P l l . "  

" l ~ s  Feamm~| .v  Re- 
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C, FLUIDIZATION 

I. Bed Expansion on Flu£dization 

The e m p i r i c a l  c o r r e l a t i o n s  ob t a ined  by l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  

the published data related to the £1uicRzation characteristics of coal gasiFica- 

tion materials were reported in the 8964 May 1975 Report as follows: 

and 

Lf O. 748 (U -- Urn. f )o.sn p;~ o.o89 
- -  1 + . . . . . .  

LrrLf Uznf °'°33 ps °-tSz DpO. oso DTO-'~s 
(t) 

L f  0 . 8  5 5 ( U  --  Urn. f ) o. ss9 pg o. o84 
- I + 

Ln~ Urnl ° ' °~  ps °-z73 DTO.4O3 

(z) 

Adopt ing  the a s s u m p t i o n s  of a t w o - p h a s e  t h e o r y ,  Rowe t4 d e r i v e s  the  

r e l a t i o n s h i p  bet.ween the  ~ u i d i z e d - b e d  e x p a n s i o n  r a t i o  and the  bubble  c h a r -  

a c t e r i s t i c s  a s -  

L f  U -  Urn f 
= I +  

Lxn f U b = 

w h e r e  Ub~ is  the  r i s e  v e l o c i t y  of an i s o l a t e d  bubb le .  

i s ,  in  t u r n ,  r e l a t e d  t o  b u b b l e  d i a m e t e r  and is  g iven  by ,  

U b~ a ( g . D b ) l / z  

(3) 

The bubble  r i s e  v e l o c i t y  

(4) 

A r e c e n t  p u b l i c a t i o n  by M o r i  and Wen t3 s u m m a r i z e s  the  l i t e r a=u r~  

c o r r e l a t i o n s  fo r  bubble  d i a m e t e r  as  a func t ion  of s e v e r a l  f l u i d i z a t i o n  p a r a m -  

e t e r s .  We a t t e m p t e d  tc  c o m b i n e  t h e s e  c o r r e l a t i o n s  wi th  E q u a t i o n s  3 and  4 to  

deve lop  the  b a s i s  ~or t r a n s f o r ~ n g  E q u a t i o n s  I and  Z i~to c o r r e l a t i o n s  con -  

r~ in ing  phys icaBly  p e r t i n e n t  ; d i m e n s i o ~ e s s  g r o u p s .  No d i m e n s i o n l e s s  c o r r e -  

l a t i o ~  r e l a t i n g  bubble  d i a m e t e r  to  n u i d i z a t i o n  p a r a m e t e r s  have  b e e n  r e -  

p o r t e d  in t he  l i t e r a t u r e ;  n o r  did we s u c c e e d  in deve lop ing  a d i m e n s i o n l e s s  

c o r r e l a t i o n  f o r  an  e s t i m a t e d  f l u i d i z e d - b e d  e x p a n s i o n  r a t i o .  

F o r  t h e  p r e s e n t ,  we p r o p o s e  the u s e  of  e i t h e r  o f  the d i m e n s i o n a l  c o r r e -  

l a t i o n s  g i v e n  by E q u a t i o n s  i and  2 fo r  es t in~a t ing  f l u i d i z e d - b e d  e x p a n s i o n  

r a t i o s ,  The  c a l c u l a t e d  e .xpansion r a t i o s  u s i n g  t h e s e  two  c o r r e l a t i o n s  a r e  

v e r y  sin~_ilar w i t ~  t he  o p e r a t i n g  range  of the da ta  u s e d  fo r  t h i s  s tudy .  We 
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cannot, at this time, have any basis to recommend one correlation in prefer- 

ence to the othe r. 

2. , , , T r a n s p ° r t  Disengag.ern.e .nt H e i g h t  (TDH) 

Our attempts to compare the published correlations with measured 

TDH values were not successful because of the lack of such data on the lquidiza- 

Zion characteristics of coal gasification materials. We, therefore, chose to 

briefly review the published correlations so that the design engineer can evalu- 

ate their suitability. 

The correlations reported earlier in the Project 8964 May !975 Report 

are s~arized in Table Z, showing the extent of data required to estimate 

TDH. The graphical correlation by Zenz and W'eil z° (Figure 17), is one of the 

earliest and easiest to use and is recognized to provide a reliable order of mag- • 

nitude of TDH values. ETen though the data base for this correlation covers the 
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desirable range !or fluidizing cracking catalysts, its suitability for coal 

combustion or gasification in/luidized beds i~ hot reported. However, the 

authors conclude that their graphical correlation estimates reasonable TDH 

values for most particles in the diameter range of 40 to Z00 microns and for 

superficial velocities ranging from 0.5 to 3 ~[:/s. 

The serniempirical correlations based on models by Zenz and Weil z° 

and Leva and Wen n and the procedure derived by Do et al. 5 based on rigor- 

ous derivations are of lin~ited use because of the difficulty in estimating -v" o' 
the  velocity of the particle leaving the bed surface. Apparently, V o is related 

to  the characteristics of the erupting bubbles in a iluidized bed. Further 

discussion on the usefulness of these correl~tions will be presented in future 

reports when a reliable method to estimate V o becomes avadlable. 

The remaining correlations by Arnitin et aL z Fra.utz and Jubl, ? and 

Fournol e t  al. 6 require easily measurable parameters. The correlation by 

Amitin et al. z is based on their data using a cracking catalyst (75 to 250 

micron particles), ~nd the data reported by Zenz and %Ve£1. z° Axnitin et al., 

in arriving at their empirical correlation, used entrainment rates in fluidized 

beds up to I0.0 feet in diameter and superficial velocities in the freeboard 

space ranging to 4 ft/s. They observe good agreement with the Zenz and ~reil 

data up to 16.5 feet of freeboard height. The authors caution that, because of 

the arbitrary assumptions involved in their derivatio-~s, the predicted values 

frozn their correlation can only be treated as approximate. 

~'ournml e% al. 6 using a fine cracking catalyst of about 60 microns in 

a P-foot-diameter column and air as a fluidizing znediurn, derived a very 

simple correlation for TDI-I, strictly as a function of gas velocity. Frantz 

and Juhl 7 recommend an empirical correlation that takes into consideration 

varying physical properties of the solids and the /luidizing medium in addition 

to the column diameter, l~rantz and Juhl have apparently incorpora%ed easy- 

to-measure and physically pertinent parameters in their model. 

]Are will attempt to develop the basis for specific recommendations to 

estimate TDH vchen data pertinent to coal conversion ~luidized beds become 

available. 

44 

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



6 t 7 5  8964 

3. Entrainment and Elutriat/on 

T h e  p u b l i s h e d  c o r r e l a t i o n s  s h o w n  in T a b l e  3 a n d  t h o s e  r e p o r t e d  in  t h e  

M a y  r e p o r t  s h o w  t h a t  a w i d e  r a n g e  o£ f l u i d i z e d - b e d  p a r a m e t e r s  h a s  t o  b e  

d e t e r m i n e d  f o r  e s l i m a t i ~ g  t h e  r a t e s  of  e n t r a i n m e n t  a n d  e l u t r i a t i o n .  T h e  

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

s u i t a b i l i t y  o f  t h e s e  c o r r e l a t i o n s  a r e  v e r y  l i m i t e d ;  t h e y  a r e  p r e s e n t e d  in  

T a b l e  4 .  

.~ s t u d y  o f  t h e  p u b l i s h e d  d a t a  s h o w s  t h a t  t h e y  a r e  e i t h e r  i n c o m p l e t e  f o r  

e c m p a r a t i v e  e v a l u a t i o n  o f  t h e  c o r r e l a t i o n s  o r  t he  e n t r a i n ~ . e n t  r a t e s  w e r e  

m e a s u r e d  i n  e q u i p m e n t  w i t h  ~_uadequate f r e e b o a r d  h e i g h t .  A s  s o o n  a s  w e  

c o m p l e t e  c o l l e c t i n g  d a t a  o n  e n t r a i n m e n t  in t h e  f l u i d i z a t i o n  o f  c o a l  g a s i l c a -  

t i o n  m a t e r i a l s ,  we  w i l l  e x p l o r e  t h e  p o s s i b i l i t y  o f  e v a l u a t i n g  the  p u b l i s h e d  

c o r r e l a t i o n s  f o r  d e s i g n  p u r p o s e s .  

4.  N o m e n c l a t u r e  

A t 

% 

df  

m 

D b 

D f  

D p  

D T 

F 

g 

G 

I--I 

k 

K 

= c r o s s - s e c t i o n a l  a r e a  o f  f l u i d i z e d  b e d ,  s q  f~ 

= b e d - p a r t i c X e  d i a m e t e  r ,  f t  

= p a r t i c l e  d i a m e t e r  o f  f i n e s ,  f~ 

= maxi.mu_,'n d i a m e t e r  o f  e l u t r i a t e d  p a r t i c l e s ,  f t  

= b u b b l e  d i a m e t e r ,  £t 

= p a r t i c l e  d i a m e t e r  o f  a s i e v e d  f r a c t i o n ,  f t  

= a v e r a g e  pa r t~ ic l e  d i a m e t e r ,  ~ = I 

) 

= t u b e  d i a m e t e r ,  ft 

= to+-al e n t r a ~ e n ~  r a t e ,  I b / s  

= a c c e l e r a t i o n  o f  g r a v i t y ,  f t / s  z 

= f l u i d i z a t i o n  m a s s  v e l o c i t y  o f  g a s ,  I b / s q  f ~ - s  

= m i n i m u m  f l u i d i z a t i o n  m a s s  v e l o c i t y  o f  g a s ,  I b / s q  f t - s  

= d i s t a n c e  b e t w e e n  b e d  s u r f a c e  and  g a s  o u t l e t ,  f t  
- i  = e l u t r i a t i o n  r a t e  c o n s t a n t ,  s 

= e l u t r i a t i o n  r a t e  c o n s t a n t ,  I b / s q  f t - s  
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Table 4, ENTRAINMENT DATA ON COAL AND RELATED MATERIALS 
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f*luldlle d F'luldi+l.+ l ) iamele  r, l l e i l h l ,  l l e l i~h l ,  l ) e n l i l y .  U lan l e l e r ,  G i n  V e l o c i t y ,  
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p e r f o r a t e d  m e l I I  
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height of ~inimum flnidized bed, ft 

height of fluidized bed, £t 

settled bed height, £t 

number of monofractions in polyd£sperse bed 

spacing between lattice perforations, ~°c 

superficial gas velocity, ftls 

velocity of isolated rising bubble, fc/s 

m ~ x n u r n  f l u i c l i za t i on  velocity.~ ~ / s  

terzn~--.~! velocity, ft/s 

p a r t i c l e  v e l o c i t y  l eav ing  bed s u r f a c e ,  f t /s 

initial weight of fines in fluidized bed, ib 

weight of  solids in flnid£zed bed, Ib 

weight fraction of sieved particles 

weight fraction of fines in the fluidized bed at any time, 0 

weight fraction of elutriating component at equilibrium 

weight fraction of fines in the fluldized bed at 8 = 0 

weight  f r a c t i o n  o f  i t h  s ize  f r a c t i o n  w i t h  r e s p e c t  to  t o t a l  w e i g h t  
of fines 

density of ~tuidizing gas, Ib/CF 

particle density of fluidizing solids, Ib/CF 

bulk density of elutriating components, Iblcu ft 

bulk density of bed components, Ib/cu ft 

viscosity of fluidizing gas, Ib/ft-s 

tizne, S 
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6. Erratum 

In the Project 8964 May Status Report, the following correction is to 

be noted. In Table 2, page 25, the first constant for the Franz and Jubl 

correlation should be 90.28 X 104 instead of 8. 4 X 104. 

D. COMB USIqON 

There is no report this month for this section of the Data Book. 

E. COAL, CHA~, AND OIL SHALE PROPERTIES 

1. l ~ n e r a l . . M a t t e r  "m U.s .  Coals 

Mineral matter in coal was reviewed by G. Thiessen in 1945 z3 and by 

J. B. Nelson in 1953. 5 Mineral matter, which becomes ash on combustion, 

occurs in mined coal in the following forms: inorganic constituents of the 

original pl~ut material; mineral matter deposited in the peat bed, either 

dispersed among the detrital plant material, or as a layer(s) of sediment; 

deposits in~Itrazed into the seam after the coal was laid down, such as clay 

washed into shrinkage cracks and pyrite formed from iron in solution; and 

contamination by floor and roof rocks. 

Gauger, Barrett, and Williams s reported finding the minerals listed in 

Table 5 in seven samples of coal and three sar.~ples of washery refuse, all of 

unstated origin. Thiessen, Ball, and Grotts "z studied the mineral matter in 
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Table 5. MINERALS IN l 0 SA2VfPLES OF COAL AND WASHERY P~EFUSE 3 

Name Fo rmula R ema rks 

FeSz Found in all samples 

AlzO 3 - ZSiOz - x HzO Found in all samples 

P y r i t e  

K a o l i n  m i n e  r a l s  

Chlo  r i t e  s : 

P r o c h l o  r i t e *  

P e n n i n i t e  # 

~dus ¢ov i t e  

Calcite 

Qua r~z 

Di~spore 

L i z n o n i t e  

lV£agnetite 

Gypsum 

Rutile 

H e m a t i t e  

T o u r m a l i n e  

Side r i t e  

Zircon 

G a r n e t  

4~ 

2FeO - ZlvlgO AIaO 3 . 2SiOz • HzO Found in all samples 

5 (MgFe)O • AlzO3 • 3SiOz - 2HzO Found in 3 samplee 

nNaO- 3AlzO 3 - 6SiOz- gHzO Found in all samples 

CaCOs Found in 9 samples 

SiOz Found in all samples 

AlzO3 • HzO F o u n d  in  2 s a m p l e s  

2FezO3 - 3HzO F o u n d  i n  7 s a m p l e s  

Fe304 Found in 7 samples 

CaSO4 • 2HzO Found in all samples 

TiOz Found in 2 samaples 

FezOs Found in ! sample 

Not constant; a complex Found in 2 samples 
al ~wn~ nurwa bo ro silicate 

FeCO3 Found ix, 2 samples 

ZrSiO4 Found in Z samples 

Ca3AlzSi3O,z Found in i sample 

T h e s e  two f o r m s  no t  p o s i t i v e l y  i d e n t i f i e d  but  two d i f f e r e n t  c h l o r i t e s  w e r e  
p r e s e n t  and  t h e y  w e r e  t e n t a t i v e l y  i d e n t i f i e d  as  p e n n i n i t e  and p r o c h l o r i t e .  

a n u m b e r  o f  P e z m s y l v a n i a  and  I l l i n o i s  coa l s  and c o n c l u d e d  t ha t  n~ore t h a n  

99~o of  t h e  ~ e p a r a b l e  f r a c t i o n  was  c o m p o s e d  o f  k a o l i n i t e ,  p y r i t e ,  d e t r i t a l  

c l a y ,  and  c a l c i t e .  Ba l l  I f ound  t h a t  m o r e  t h a n  9 5 ~  o f  the  m i n e r s / m a t t e r  in  

c o a l  f r o m  W e s t  F r a n k f o r t ,  F r a n k l i n  Co . ,  111., c o n s i s t e d  o i  k a o l i n i t e ,  p y r i t e ,  

and  c a l c i t e .  S p r u n k  and  O ' D o n n e l l  ]° m a d e  a n ~ / c r o s c o p i c a l  s t udy  o f  the  o r i g i n ,  

o c c u r r e n c e ,  and  d i s t r i b u t i o n  o f m i n e r a i s  in U.S.  c o a l s .  N e l s o n ' s  c l a s s i ~ c a -  

t i o n  of  t h e  m i n e r a l s  f ound  in  b i tun~iuous  coa l ,  as m o d i f i e d  by  O ' G o r m a n  and  

Walker, S is shown in Table 6 along with chemical formulas from various 

s o u r c e s .  
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Table 6. MINERALS ASSOCIATED WITH BITUMINOUS COALSS, s 

G r o u p  Spec i e  s F o r r n u l a  

Sha le  Musc ovite 
H y d  romus covite 
i l l i te  
B r a v a i s i t e  
Mont rno  r i l l on i t e  

(K, Na, HsO, Ca)z (2~I, Mg, Fe, Ti)4 
(AI, Si)8Ozo (OH, F), (general iorm~a) 

Kaol in  

Sulfide 

Ca rbonate 

C h l o r i d e  

Kaolinite 
Live s ire 
Metahallo ys ire 

P y r i t e  
M a r c a s i t e  

Amke r i t e  
Calcite 
Doloznite. 
Side rite 

Sy lv i t e  
H a l i t e  

(si..os) 
(general fo rmula) 

FeSz 
FeSz 

CaCO3 - (Mg, F e ,  Mn)CO 3 
CaCO3 
CaCO~-  MgCO 3 
F e C O  3 

KCI 
NaCl 

Accessory 
zz~ne ral s 

Quartz 
Feldspar 
Ga met 
Hornblende 
Gypsum 
.a_patite 
Z i r c u n  
Epidote 
B i o t i t e  
A u g i t e  
P r o  chlo r i te 
Diaspo re  
Lepidocrocite 
Magnetite 
Kyanite 
Staurolite 
Topaz 
Tournaaline 
Hematite 
Penninite 
Sphalerite 
C h l o r i t e  
Barite 
lmyrophyl!ite 

SiOz 
(K, Na)zO" AlzO3" 6SiOz 
3CaO . AlzO 3. 3Si0z 
CaO- 5FeO- 4S[O z 
CaSO4- ZHzO 
9CaO- 3PzO s • CaFz 
Z r Si 04 
4CaO- 3AlzO 3 - 6SiOz- HzO 
KzO" MgO. AlzO~- 3SiOz- HzO 
CaO- MgO- ZSiOz 
ZFeO- ZMgO- AlzO 3 - ZSiOz- ZHzO 
AlzO3- H20 
FezO3" HzO 
Fe304 
AlzOs - Si Oz 
ZFeO- 5AlzO 3 - 4SiOz- HzO 
(AIF)z S- 04 
HgAIs (BOH)z Si~Oz9 
FezO3 
5MgO-AlzO~" 3SiOz- 2HzO 
ZnS 
10(Mg, Fe)O- ZAI203 - 6SiO z - 8HzO 
BaSO 4 
-&lzO~- 4SiOz- HzO 
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The r e c e n t  adven t  o£ a l o w - t e m p e r a t u r e  a~hing : e c h n i q u e  u s i n g  an 

oxygen plasrna (radio-frequenc y-activated) for oxidation of organic matte r 

has  f a c i l i t a t e d  the  r e c o v e r y  of  r e l a t i v e l y  u n c h a n g e d  n~_ineral ~ r ~ t t e r .  With  

this technique, followed by X-ray and chemical analysis, Rao and Gluskoter 9 

quantitatively analyzed 65 samples of coal from the Illinois basin for the 

major minerals (Table 7). These consisted of .~ua~z, calcite, pyrite, iron 

sulfate (formed by the oxidation of pyrite during storage) and clay n~_inerals. 

With similar techniques, including infrared absorption, O'Gorman and 

Walker s made senuicluantitative analyses of the minerals, including those 

detected in trace axnounts, in 57 samples of U.S. coals. In some cases, 

they analyzed samples from different layers (';thotypes) of a seam. The 

identification of the samples is shown in Table 8, and the results of the 

analyses in Table 9. With some exceptions, the major xninerals present 

were kaolinite, mixed-layer illite/montnnorillonite, Quartz, gypsua.-~, and 

p y r i t e .  

The  O ' G o r m a n  and W a l k e r  s tudy  i n c l u d e s  s e v e r a l  s a m p l e s  of l i gn i t e  

(PSOC-87, -89, -91, -9Z, -93). In addition, L. E. Paulson and coworkers v 

have reported the major nainerals found in sink fractions of lignite (Table i0) 

from mines in North Dakota and Montana. 

Lignite may contain about 2 ~ to 3 % of exchangeable cation, typically 

socliunu, calcium, and magnesium, combined with carboxylic or other acid 

groups of the organic matter. 4 Evidence of this includes electron microprobe, 

infrared absorption, and ion exchange studies. Occurrence of sodium is cor- 

related with the presence of a nonporous overburden (shale), i~m~nediately 

above the coal seam, which prevents ion exchange with calciuzn of the ground 

water. ~40'Gorman and Walker attributed part of the thenardite (NazSO4) 

found in the low-tempsrature ash from lignite (samples PSOC-87, -88, and 

-89) to i:s formation during the ashing procedure from the organically bound 

sodium. 

Minerals in Pennsylvania anthracites were studied by Spackrnan and 

Moses. II Shale, kaolin, and sulfide groups and quartz were obse_--ved in all 

12 seams of the study, pyrophyUite in two. calcite in four, and chlorite in 

six. 
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T a b l e  7. A N A L Y S E S  O F M I N E R A L S  F R O M  C O A L S  O F  THE ILLINOIS BASIN 9 

A n a l y i l |  
Coal ~e~ber number I ~, ,  

Indiana Danvi l le (VI I )  C-!$418 .O2 .56 ,42 .98 

HIHI~RN, KAI'~I:R DI L0~-TEI~I'RAllJ~t~ AS}{ 

N P. m . u ~  q 

u ta ~ ,-4 ~4 aJ 

M~4  i~ o 

600-[-121 12.41 28 r r .  i5 8 ¥r.  $7 
0snv!.i I s  (ltD. 63  

I~errin (go. 6) 
4 IIerrt~ (t:o, 6) 
5 t l e r r tn  (No, 6) 
6 Her~in [No. 6) 
7 I lerr fn (,~o, 6) 
8 Her r i .  (Ko. 6) 

9 Her~ln (Ko. 6) 
113 IleYrin (Ho'. 6) 
I1 Ile~rln (Ho, 6) 
12 I lerr in (tie. 6) 
13 I l i t i ' i n  (Ho. 6) 
It( tler~tn (~o, 6) 

15 Herr ln (11o. 6) 
16 I lerr ln (Ho. 6) 
17 Herren (.~o. 6) 
18 l le r r ln  (rio. 6) 
19 I lor t in  (~n. 6) 
20 l l e r r ln  (llo. b) 

21 I terr ln (No, 6) 
22 l i e r r fn  (Ho. 6) 
23 ~turrln (t~o. 6) 
26 I ler r fn  (go. 6) 
2S I lerr ln  (~o, 6) 
26 l l c r r ln  (Ho. 6) 

27 Herein  (~o, 6) 
28 I l e r r in  (t~o. 6) 
29 I ler r in  (~o. 6) 
30 Her r ln  (~o, 6) 
31 IterrLn (.~o, 6) 
32 11errtn (SO. &) 

33 HartS. (h'o, 6) 
3~ I lerr tn (So. 6) 
35 l ier~ln (~o. 6) 
36 I l e r r in  (~o. 6) 
32 I lo t r ln  (fro. 6) 
39 lle~rin (llo, 6) 

C-15034 .Oi I . t 6  1.84 3.0t .06 10.0 600-J-65 12,3 t8 14 12 18 

C-16638 .03 1,66 2.56 4.25 .13 |2,10 600-J-6~* 15.81 I1 1 16 20 
C-I6574 .06 .94 1.20 2.18 .11 7.34 6OO-J-67 9,29 24 5 16 19 
C-12831 .03 i .29 1.28 2.60 .14 10,5 600-II -119 14.54 13 8 12 17 
C-14686 .02 i .64 1.33 2.79 .20 9.94 600-II -162 12.91 17 7 19 21 
C-13322 .04 3.58 1.30 4.92 ,25 15.8 600-[-143 22.34 16 5 18 30 
C-13433 .01 2.17 .85 3.03 .62 9.4 600- t -44 11.07 7 2 17 23 

C-16501 .01 1.21 1.15 2.37 .40 10.3 600-I-199 13.23 24 9 16 17 
C- It*b30 .02 .59 .63 1.27 .40 0.6 600o11-177 !1.11 20 9 10 10 
C-16741 .05 1.54 1.96 3.55 .22 12.89 600-11-16r, 15.58 8 13 14 19 
C-16265 ,06 1.22 1.96 3.20 ,01 9.50 600-11-172 16,55 17 8. 2 14 
C-16030 .04 1.81 1.60 3.51 .16 11.92 600-11-140 14.73 12 To, 21 26 
C-9714 6.58 12.3 600-1-190 15.33 11 0 26 29 

C-13975 .01 1.82 .71 2,.~4 .02 11.6 600-11-177 15.73 24 9 20 12 
C-1536B .00 ,29 .$6 ,05 ,36 8,9 600-11-135 10.80 20 9 7 5 
C-16613 .01 .65 .77 1.63 .35 9.06 600-1-182 10.86 18 7 9 II  
C-15791 .02 L.16 .72 1.88 .33 10.36 600-11-124 13.02 16 7 21 16 
C-16563 .06 1.20 1,9l 3.1~ .04 11,9 600-II -124 17.00 13 18 12 13 
C-15636 .07. 1.37 1,89 3.33 .07 10.11 600-J-69 12.40 25 l l  23 21 

C-12560 .05 2. .~$ 1.75 6.33 J'3 12.72" 600-3-68 17.90 14. 9 It. 27 
C-13~64 .67 1.63 1.75 6.O5 ,46 12,9 GOD-i-189 11.91 14 6 9 17 
C-16139 .11 2,21 2.t.6 4.04 .O7 14,00 600-J-47 17.64 18 8 20 26 
C-14969 .OO 2.37 2.05 6.63 .10 10.7 600-J-33 19.13 11 8 5 23 
C-16317 .33 .97 1/35 3,25 .02 12.00 600-3-61 14.07 19 20 16 13 
C-15079 .07 2.13 1.70 3.98 .02 15.31 600-11-170 20.90 16 5 15 10 

C-15117 .08 2.26 1.86 4.20 .03 13.60 600-J-6 15.85 6 9 16 22 
C-15079 .07 2.13 I ,~8 3.98 .02 15.31 600-1-176 18,95 12 8 0 21 
C-16317 .33 .97 1.95 3.25 .02 12.0 600-[I-167 17.35 11 12 10 11 
C-V-721 .03 1,76 1.94 3,73 .03 10,08 600-11-164 14,76 16 12 i9 22 
C-12663 .02 1.67 1.66 3.53 .O r" 11.85 ~ o o - n l - I I  15°41 17 13 9 19 
C-15656 ,06 2.36 2.03 6.65 .01 12.6 600-l-195 15.02 12 13 13 29 i 
C-14992 .01 !,57 Z.12 %70 ,05 12.61 600-3-55 15.68 14 9 16 19 
0-15717 ,0~ 1.59 2.56 6.19 .02 12.15 690-II -125 15.16 17 I I  24 20 
C-15442 ,OF) 1.60 2.13 3.81 .01 13.13 600-J-15 16.22' 18 12 14 18 
C-12479 .06 2.55 1.76 4.35 .05 13.67 60D-11-16 18,05 11 7 11 25 
C-16627 ,02 2,07 1.26 3,33 ,05 11.41 600-I-188 16,247 16 7 29 27 
C-L5672 .05 1,81 1.82 3,68 ,00 14,44 ~00-11-129 18.56 9 21 21 16 

6 50 12 36 4 

4 62 12 29 21 
3 $2 16 21 16 
5 62 
2 $5  15 27 I ~  

12 ~7 14 26 7 
6 60 !~ 27 27 

I 5O 
0 61 19 21 21 
5 60 
2 61 
3 66 15 30 19 
3 60 

0 56 
0 62 19 36 9 
2 64 20 26 20 
0 56 12 19 26 
I 56 
0 41 7 I t. 20 

13 50 
8 61 
4 5i ? 20 12 

18 58 21 15 22 
O 44 
3 61 

13 58 19 24 15 
13 59 

i 66 
3 50 15 IS 20 

10 51 10 I(, 25 
16 46 12 17 17 

5 58 17 26 15 
0 48 10 15 23 
4 52 10 15 27 

14 57 8 18 31 
0 68 
0 49 17 24 8 

Or, 

- J  
01 

CO 
~0  
O~ 



Z 

m 
Coil m~lbO~ 

0 

m 

('I 

Z 

0 

r 

0 

0 

(31 
~n 

Table 7, Cont, ANALYSES OF MINERALS FROM COALS OF T H E  ILLINOIS BASIN 9 

CIfL'qICAL AJ~ALYs[s OY COAL 

Anelyi le ~ ~ t~boretory 

NINEI~L HATTER IN LO4~-TD2EI~ATIJRE 49fl 

39 Hetrln (No. 55 C-15632 .05 .98 .71 1,14 .10 12.49 600011-123 14,$6 22 I )  16 43 69 26 t6 
60 Herrin (No. 6) C-15251 ,OI 1.59 2.59 4.31 ,07 12.45 600*I*192 16, |6  20 O I )  19 ) )  40 1) 50 
41 Htrrfn (He. 6) C-12842 ,13 2.42 i,)O 3,97 ,tO 42.6 600-3-25 48,06 42 6 17 25 S; 17 35 45 
62 Herrin O1o. 6) C-15038 ,0! .99 .53 1,53 ,05 IO,56 600oJ*$7 11,63 18 7 16 46 $9 13 17 39 
43 fle~rln (,'(u. 6) C-46692 .O7 2.11 1.)8 3,$O , i4  43.34 600-J-71,72 16.97 40 16 30 23 38 
44 Spr 1n81 leld-J(avr l ibur8  

(No. 55 C-14t)5 ,O7 2.34 1.65 4.01 , ] t  12.06 500-111-56 10.57 26 10 30 35 S 51 8 15 ! 45 S;Jr lnsf  le td-Harr Lib,Jr| 

(rfo. 5) C-1512$ .01 1.62 2.02 3.45 ,03 13,0; 600-1-106 14.65 21 16 16 18 Z 47 9 26 14 
65 Spr Ln8 f le Id . i t . r r  lsbur8 

(No. 5) C-14174 .02 I,(,2 7.24 3.68 .01 12,§2 600-t-180 11,19 22 11 Iq 15 t $1 I0 30 II 67 Spt inRf le tdoH~rr [ibur8 
(No. $) C-16266 .05 2.)3 2,14 4.$2 ,0t 12,53 600-[-181 15.81 13 14 21 28 7 65 

6B Spr tnBf leld.H~rr l ibu t8  

(No. $) C-15384 .14 2.13 1,53 ),90 .13 12,2 600-I-178 15.70 18 9 22 26 4 4Y 
69 Spr Jnef leJd*Har r Iobur 8 

(No. 5) C-12209 .Or 1.95 2.03 4.06 .14 44.27 600-1Z-liB 17.26 22 17 2Z 21 0 37 7 15 -12 
20 5pr I oaf le I d-P,lt L.l abut8 

(No, 5) C-124~2 .30 2,G6 2.32 4.68 ,07 42,7 600-J-119 17,~1 11 10 10 22 6 57 9 21 27 
51 Sp¢ In~| feJd- l l j r r  L DbUF8 

(He. 2) C-1~4~8 .42 2.~6 2.76 4,g4 .~t 17,66 600-1-175 16.50 13 10 19 29 10 ~0 12 71 15 
5Z Spr lej~i ield-Ildrt i sbu(8 

(~1o. S) C-1460t1 .0 L 1.81 1.07 2.92 ,07 10.40 600-I*186 13.05 I t  7 21 2dl 3 58 16 24 I I  
$) Spr I n | f  leld*HaT r IIbur8 L 

(He, 5) C-14196 ,07 ,74 ,~O 1.34 ,02 10.33 600-I-184 13.00 11 5 12 11 0 71 16 36 19 ~ 5pr 1*16f leJd-Ha~ t l ibur  ~ 

(,~o, ~) C-14646 ,(:6 2.67 1,62 6.35 ,40 10.66 600-21-15 24,75 13 7 g 73 .o 5t  II 21 2~ 
$5 Sp[ InlL[ leld-Har r i eburpl 

(~o, $) C*16T29 .04 2.30 .83 ) , I t  .37 12.7 600-1-191 12.65 25 13 38 78 10 24 
$5 Spr ln6f ield-IlarrJibur8 

(No, 5) C-150!2 .02 2.04 I . I I  3,17 ,06 I1,42 600-J-36 17,60 19 IO 24 30 6 41 13 23 $ 

57 $uuun  (~o. ~) C-45496 ,05 1,78 2.34 3.67 ,03 9,22 600-7-423 12.63 24 O 30 19 0 48 10 i t  27 

28 Colchester  (No. 2) C-15266 .05 3,31 1.42 d;.$~ ,O3 10.12 600-H-113 14,51 11 ] 12 44 )2 43 9 75 r |  
59 Colchester (He. 2) C-14650 ,11 ) . ] i  1.32 4,0l  .04 9,46 6fl0-2-185 16.00 2 8 26 62 19 43 O 24 I t  
60 Colchv+tet (No. 2) C014646 .04 2,72 2 . O 7  4,83 ,03 11.0 600-21*160 IS . In  I0 9 24 51 ? 50 10 16 26 
61 Colchester (No. 2) C-12263 ,04 ~,27 .82 3.16 .O2 8,0 600-I1-104 13,05 12 0 3~ 33 0 55 16 15 24 

62 Dekoven C-1S356 .Oil 2.99 1.90 S.OS ,12 16.16 600-J- 1 ) tT,TO 6 6 25 32 7 54 IO 29 15 

61 Davis C-15963 .05 3,02 1.~4 4.33 .20 10.5 600-8-189 I ) .23 7 0 19 41 22 62 

64 14utphyeboto C*16608 . e l  3.78 1.07 4.00 ,09 11.70 600-J-67 14.6| 2 Tit, 39 40 9 50 

62 Rock Is land (t~o. l )  C-1'~678 .05 ~.21 2,10 5.35 t r .  10.~9 600-1-164 1~.2|  6 lS 60 40 O 54 8 O 15 
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Table 8 .  

896~ 

IDENTIFICATION OF COALS STUDIED BY O'GOR/~AN AND 
WALKEP~ s 

56 

I N $ T I T U T E 0 F G A S T E C H N O L O G Y 

F'5OC 1.ocaczon in  Seam, 
_ Seam Name R~nk m .Sample T.y.pe .... inche~ Loc;a~Hv 

~, E l k h o ~  No.  3 ~4VA LivJhowp~ L5-->3 i ron*  ho, '~om Deane .  Ky.  

3 Elk~ort~ No. 3 H V A  L i t h o t y p e  Z3-31 f r o m  ho:~om D e a n e .  Ky.  

"; F . l ~ o r n  N~. 3 H V A  L i t h o w p e  3 ! - 4 0  f r o m  bot tom Dean©, Ky.  

b E l k ~ n r n  N o . . I  H V A  L i t h a r g e  t 5 - 2 2  d i f f e r e n t  a r e a  Deane ,  Ky .  

IZ  C S e a ~  H V A  L i t h o % v e  50-11Z to,60 f r o m  b o l t o m  B e n b ~ m .  KS. 

I.~ C S e a m  H%'A Lichotype  4 0 - I / 2  tO 5 0 - I / Z  f r o m  b o t t o m  B e n h a m .  Ky. 

a2  a h n v i s  ,%'0. 6 S e a m  H V C Cha rme l  - -  V i c t o r i a ,  I l l .  

~4 No.  ~ C o l c h e s t e r  S e . ~  H V C C h a n n e l  - -  Ve r r~on t ,  ILL 

~b ~ H ~ v l s  No. O S e a m  H V B  Cha.~nel - -  C a r r i e r  l~Itlls.  1ti. 

b7  L o w e r  Sunnysxde S e a m  H V ~  L i t h o t y p e  L o w e r  I~  H o r s e  C~nyon,  U~ah 

81 BuCk Moun ta in  S e a m  A L i t h o t y p e  7 - 1 9  f r o m  ~op Z e r b e .  P a .  

~2 ~t~ck Mo~ntazn S e ~ m  A L.i thotype 31-39  l r o m  top  2 ~  rb©, P a .  

S~ ~ -1  IL Sea.~n A. Channel.  - -  S h ~ m o k i n ,  Pa .  

~4 ~ ~ea r~  ~. C h a n n e l  - -  Sb~.mokln.  Pa .  

S~ ~ I .~a~e r  A C h a n n e l  - -  S .~amokln ,  Pa. 

~7 Z a p  ~ e ~  ~. L i ~ h ~ y p ~  106 - I~0  £rorr.  top  Z a p ,  ~ .  D.  

~b Tap SecJct L Lir.hcCFpe Top  18 Z a p .  N, D.  

S~ Un~a~ed S e a m  I .  Grab - -  Gascoyne, N . D .  

91 U ~ . t r ~ d S e a m  L Lxtho :ype  45-6b f ~ o m t o p  Sa'~age..~ont. 

~Z U ~ a m e d  S e * m  L L i n o t y p e  T o p  4~ S a v a g e .  Mont.  

9~ U n ~ m e d  S e a m  L L t t ho type  6 6 . 7 0  £ron~ t op  S a v a g e .  Mont.  

9~  {:~een ~r .No. 4 S e * m  H V A  C h a r n e l  - -  C ~ r b ~ n a d o .  Wabh.  

98 ~O.  MO S e a m  bob ~.ithotype ~V*140 f r o m  top Hanna ,  Wyo. 

99 ~ h u o l  Sean~ S'bb ChanneX - -  G;enro©k .  Wvo. 

i OC ROISln~ Scz rn  Sbb  ~ t ~ o % , ~  Unknown G i l e t t e .  Wyo. 

101 R O l l n d  Seam SOb L~thot lpe Unkmo~m G i l e t t e .  Wyo. 

10~ P ~ $ b ~ r g h  Seam H V A  1.tth~:ype 2~-~5 f r o m  ba~e W a s h i n g t o n  Co~mtv. Pa. 

1O3A P ~ t t ~ r g h  Seam H V A  ~.Athotype Handp~ckeel f r om NO. 103 Washington County, Pa. 

10hA ~O .  I ~ l o e k  S e a m  H V B  1.1thotFpe Handpxcked  f r o m  C h a n n e l  Jef ferson To~m~htp  
No. lOS Ind. 

I 0~  ~ o .  I ~ l o c k  ~ e a m  H V B  1 . i t howp¢  H a n d p i c k e d  f r o m  Channe l  J e ~ e r s o n  T o w n s h i p  
NO. lOS Ind,  

108 P~tCsb~rgh S e a m  H V A  1.1thotyp¢ T o p  0 - i 0  t .~arh'mna. Pa.  

~07 ~ t t | b u r g h  S e a m  H V A  IAthotype  I 0 - ~ 5  ~ , ~ r ~ n r ~ ,  Pa. 

I ~  P~t~z~rgh Seam FIV~ l . i tho t  ype J S - ~  Mart~.~na, Pa. 

1 I1  P ~ t s b ~ ' g h  ~ a m  H V A  L.ttho%'pe 54-7Z ba~e  ~ , l a r i anna .  Pa .  

113 L o w e r  K i ~ a n m n g  I~VB ~ '~almel  - -  T i r e  H i l l .  PU. 

11~ L o w e r  K~t tanmug ~%'B Cha, 'r~el - -  T i r e  H i l l .  JPa. 

' ~ J ~ o ~ r  Freep~re M V B  C h a n n e l  - -  ~ h r e n f e i d ,  Pa. 

IZ0 ~xoga  S e a m  H~ 'A L i t h o t y p e  1-1 tmrnedsa t e ly  a b o v e  NO. 121 T i o g a .  IV. Va.  

121 T i o g a  S e a m  H V A  Lt~hotype Z -  ~ t h i c k  sect ion n e a r  ba~e  T iOga .  W. Va.  

1~3 N~. 5 BLock ~e,.."rt H V A  IAtbotype Top O-lS B i c k m o r c ,  W. Va. 

1 Zq I~o. ~ ~ l o c k  S e a m  H V A  L i t h o t v p e  18 -  ~-1 B l c k m o r e ,  W. Ca. 

~ ' ~  L ~ v e r  F re~por~  H V A  C h a n n e l  - -  Ha.~t ings ,  Pa .  

IZ6  1.ower K i t t ~ n i n ~  LVB C h a n n e l  - -  E b o n s b ~ r g ,  Ha.  

IZ~ L e w e r  Ki~anmng L V B  L.~thotyp¢ P-as~[ 9 E b e n s b u r g .  Pa. 

IZ~ L , ~ '  Khtan, n~,ng L V B  Li thotype T o p  1 l - I / ~  ~ o ~ n ~ b u r g .  F'a. 

~Z9 L o ~ e r  K~t~&nning L%'~ L i t h o t y p e  4 b e l o w  No. 128  E b e ~ b u r g .  Pa .  

I-1A P o c a h n n t a s  ,No. 3 L,VB ; . . t thowpe 1 - 1 / ~  to  1 4 - 1 1 ~  f r o m  top G a r y ,  W. Va.  

1-1~ ~¢<ahor . t a s  ,";o. 3 2..VB IAthctype Bot tom 1~ C a r y ,  W. Va. 

1 ~S P r a t t  SeL 'n  MV B Y..ithotype 18 t h i c k  m i d d l e  a p l l t  Hoey~owru A la .  

1 ~6 ,Pra t t  S e a m  M V B  IAthotype Top IS Huey~o~-n. A~. 

1-17 Pra~c S e a m  M V n  Li~hotype L o w e r  14 Huey~own.  A l e .  

1 ~? Dar¢o 1. 1.ithotype S e l e c t e d  steeakl  f r o m  seam Darco,  T c x .  

, 'q0 ~ r c o  7, 1.1thotyne 34-82 f r o m  top Darco, Tex .  
141 D,arce L ~' ' t .hotype T o p  3~ D a r c o ,  TCx.  

14Z FIa~s~or~e S~a.,n M V B  Channe l  - -  H e a v e o e r .  Okla .  

£4.1 Har tshorns  S e a m  M V B  Li thntype Lo.~e r  5 H e a v e n e r o  Okla .  

1 ~7 C e l o r a d o  "B'" S e a m  N~.V~ R im o~ ~ h n e  . .  R e d e t o n e ,  Co |o .  

g . t ~ k  l een t~[ tca t ;on :  

L • l~gmte  H V A  ~ h i g h  v o l a t i l e  A blturl~n~uet 
S b b  • sttbb~t~-nin~tts B M V B  • m e d l m r t  v o l a t i l e  b i t u m m o ~  

I- IVC ~ hslth ~ula~ile C b i t u r ~ n o u ~  ~ V B  = l o w  v0 |a t i l c  b t t ~ n o u v  
. v ~  . h,,h,~,t~, ~h,t ....... ~ ~ a n t h  . . . .  te 1375071839 
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TabLe 9, Part  I. M I N E R A L O G I C A L  COMPOSITION OF LTA M I N E R A L  M A T T E R  FROM COALS S T U D I E D  ~.~ 
BY O'GORMAN AND WALKER 6 "~ Ln 

~n 

IJSOC Sample No i 

MJ.eral _~ ~ 4 6 j z l~ ~ ~J. z6 67 ~t ~ s~ 84 ~s 
Conet l tuent |  

Kaol in i te 40-50 30-40 | - 1 0  '10- 50 Z0- ]0  l o l 0  Z0-}0 ~0 - .~0 t r,~ce 10-~0 : ' ' /0 >' /0 , t0.50 50.60 50°60 

ililte trace trace J-JO [.tO ZO-JO I-I0 iO-Lo d(J. 30 J-lO t-lO i-tO l.lO l-tO l-tO i0-20 

Mulcovhe  n.d. n .d .  n.d. n .d .  n.d.  n.d.  n.d. n.d. n. (I. n .d .  n.d.  n.d. . .  d. n .d .  n.d. 

Ch l0 r i t  o n.d. t race i - L 0  1-10 t race n.d. t race n.d.  1-10 n.d.  t race t race t race n.a.  n.d.  

IVloatmor l l lonl te n.d. n .d .  t race n .d .  t race J • i0  n. d0 n.d.  t race n.d.  n.d. n.d.  n.d. n.d.  t~ d. 

Mixed Layer llllta- l-tO trace i-lO n.d, i-tO | O-,tO t.lO [-10 l-tO l-tO n.d. n,d. lolO n.d, l-tO 
Mont rnor[llonlte 

Calcite n.d. , . d .  n.d. n .d .  n.d. n.d.  , . d .  n .d .  n.d. n.d.  ~ - I0  1-10 n.d. n.d. n.d.  

h ra ior l t le  n.d. n.d. n.d. n.d. n.d. n.d. n.d. n .d .  , . d .  n .d .  n .d .  n.d.  r~d. n.d.  n.d.  

Dolomite n.d. n. d, n.d. n .d .  n.d.  n.d. n.d. n. (J. n.d. n .d .  n.d. , .  d. n.d. ,*. d. n.d. 

Anke r i te n.d.  n .d .  n.d. n .d .  n.d.  n.d. n.d. n .d .  n.d.  n .d .  n.d.  n .d .  ,1. d. n.d.  n.d. 

Sider i te n.d. n.d.  1-10 n.d.  t race trace 1-10 t race l - J 0  l - J 0  n.d.  n .d .  n.d. *i.d. | - i 0  

Quartt, 30-40 40-50 l - I O  I0-/-0 I 0--~0 l-tO iO-ZO lO-ZO l - t O  i=lO l-tO 10-20 lO-LO l-JO l-tO 

Gyp ium l - J 0  1-10 i 0 -20  i - i 0  ~ - i 0  1.10 l - J 0  1-10 l - t 0  >0- J{~ 1.10 t race n.d. t race 1-10 

Pyrite I-I0 l-lO 10-/.0 i-iO 1.I0 l-tO [O-ZO ZO-30 60-70 ZO-30 l-tO l-lO i-tO i-lO i-lO 

Jn roz l le  n.d. n.d.  n.d.  n .d .  n .d .  n.d. , . d .  n.d.  | - | 0  n.d. n.d. n.d. n.d. n.d. .~.d. 

Hcmat i le  n.d. n .d .  iO->O n.d.  I - l O  i - l O  n.d, l l .d .  n.d. n.d.  i - I O  . . d .  l - [ O  , , d ,  I - l O  

Rut l l e  l - t O  i - t O  n . d .  i - l O  i - t O  l - t O  l r a c o  t r a c e  • n , d ,  n . d ,  l - l O  i - t O  i - t O  i . l O  i - t O  

"1 hena rdl te n.d. n,d, I - l O  n.d.  t race i -JO n.d. n .d .  n.d. . . d .  n.d. n.d.  n.d.  . . d .  n,d.  

i ] l a i l oc la  ec n.d. n .d .  n.d.  n .d .  n.d.  n.d. n.d. n.d.  n.d. n.d.  n.d.  n.d.  n.d. . . d .  n.d.  

B 7 5 0 7 1 8 5 1 a  

0o 
~O 
C~ 
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Table 9, Part 2. MINERALOGICAL COMPOSITION OF LTA MINERAL IviATTE[% FROM COALS STUDIED --- 

BY O'GON.MAN AND WALKER. 6 "~ bn 

PSOC Sample Nu.. ....... =,, 

Constitu~l~ts "/o 

Kaol ini te 1-10 10-a0 | -10 i0-Z0 1-10 10-20 Z0-30 10-~0 20-30 10.a0 I0o?-0 50-&0 >70 40-$0 

l l l i te  1-10 1-10 1-10 1-10 1-10 1 - 1 0  ?0-30 1 -10  1 -10  | - 1 0  1-10 10-Z0 1-10 10-Z0 

~uscov l to  n .d.  n.d. n.d. n.d. n.d. n.d. n.d. n.d. ,~.d. n.d. n.d. n.d.  n.d. n.d.  

Chlor i te t race trace n.d. n.d. n.d. n0d. n.d. n.d. 1-10 n.d. n.d. n.d.  n.d. t race 

l%lontmorlllonlte n.d.  n. ,I. n.d. n.d. n.d. n. d0 l-JO trace trace n.d. n.d. n .d .  n.d. t race 

M ixed  Layer  i ] l i to -  n.d, n,d. 1-10 n,d. n.d. n.d. n.d, n,d. n,d. n.d. n.d, n,d.  l - lO  n,d. 
Montmo r l l loni te 

C a t e i l e  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n .d .  n .d .  n . d .  n .d .  n . d .  , . , I .  n . d .  n . d .  

A r a g o n i t e  l - l O  l - t O  n .d .  I - lO I - iO  i - ] O  n .d .  n . d .  n . d .  n . d .  | . l O  n . d .  n . d .  n . d .  

Dulumi te  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n. ,l. n . d .  

A n k e r i t e  n . d .  n . d .  t r a c e  l - l O  I - l O  n . d .  n . d .  n . d .  t - l O  t r a c e  l - l O  n . d .  n . d .  n . d .  

S i d e r i t e  n . d .  n . d .  n . d .  n . d .  , . d .  , . d .  n . d .  n . d .  n . d .  n .d .  n .d .  n . d .  n . d .  t r a c e  

Q u a r t z  10-~0  [ - l O  lO-ZO l - l O  l - I O  1-10 I - IO l - l O  10-20  l - l O  l - l O  IO-ZO l - l O  l - l O  

Gypsunl 30-40 30-40 30-40 3O-.10 50-60 50-60. 1-10 30--10 30-40 40-50 .10-50 1-10 l - t 0  n.d. 

Pyr i te  I . l O  [ - I 0  1-10 I - | 0  1-10 i - lO  l - [O IO-ZO l - lO  l - lO  l - lO 1-10 l - lO  IO-ZO 

Jaroeite n.d.  n.d. **.d. n.d. n.d.  n.d. n.d. n.d. I*.d. n.d. n.d. n.d. n.d. n.d.  

H e m a t i t e  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n .d .  n . d .  n . d .  n . d .  

Rut t le  n . d .  n .d .  n .d .  n . d .  n . d .  n . d .  1-10 t r a c e  t r a c e  t r a c e  n .d .  . r a c e  t r a c e  1 -10  

Ti*ena rd l t e  l - l O  i - I O  t - l O  n . d .  n . d .  n . d .  n . d . .  n . d .  n . d .  l - t O  n .d .  n . d .  n . d .  n . d .  

Plagtoclase 11. d. n.d. , .  d. n.d. n.d.  n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
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Table 9, Part 3 .  MINERALOGICAL COMPOSITION OF LTA MINERAL MATTER FROM COALS STUDIED 
BY O'GORMAN AND WALKER 6 

P 5 0 C  Sample No t 
i i i i i ] t i 6 t z__~o t z___L j / _ j  i z.__~4 j z._~s l ~¢, MIne ral 106, l 0..._.88 I09 I l..~O - -  - -  I 14  . 

Conat i tuent ~ 

K a o l i n i t e  > 7 0  Z0-JO ] 0 - 4 0  4 0 - 5 0  }0 -40  4 0 - 5 0  ~O-bO ) 0 . 4 0  40 -50  l - a 0  4 0 . 5 0  40-~0  ] 0 - 4 0  SO.b0 

l l l i t e  1-10 1-10 10-~0 lO-ZO ]0 -40  I - I 0  IO-ZO I - I 0  i - l O  Z-lO t - I O  ZO-)O IO-LO . . d .  

Muacov l te  n .d .  n.d. ii. d. n.d. n.d. n.d. , .  d. , .  d. n.d.  n .d .  n .d .  n .d .  n.d.  n.d. 

C h l o r i t e  n . d .  n , d ,  n , d ,  n , d ,  n . d .  n . d .  t r a c e  n . d .  l . t O  l - t O  I - I 0  [ . i 0  n . d .  n , d ,  

M o n t m o r i i l o n i t e  n.d. n.d. n,d,  n.d, n .d ,  rod, n.d, n .d ,  n,d. t race n.d.  n.d. n,d,  n.d.  

M i xed  Layer  [ l i l l e -  n,d.  l - l O  n.d,  n,d. I - I 0  I - I 0  1-10 1.10 n.d.  i - t O  i - t O  I - l O  l - t O  I - l O  
M o n t m o r l i l o n l t e  

Ca lc i te  n .J .  n,d,  n,d, n,d. n ,d .  t race n.d. n.d.  n.d,  n.d,  n ,d .  t - l O  n,d,  t race 

Ara l lon l te  n .d .  n, d. n, d. n. d, n, d, n. d, n. d, n .d .  n. d, n, d. n. ct. n .d .  n, d. n, d. 

Dolomi te  . ,  d. n, d. n. d, n, d, n. d, n.d. n. d, n, d, n.d.  n.d.  n .d .  n, d. ,,. d. . .  d. 

Anke r i t e  n .d .  n.d. n.d. n.d.  n .d .  n.d. n.J.  n.d. n.d.  n..I. n .J .  n.d. n.d.  n.d.  

S ider i te  n ,d ,  t race t race n.d,  n .d ,  n.d, n.d. n.d, n,d, t race n.d.  n .d .  n.d.  n.d,  
Quar tz  iO-ZO i - t O  lO-ZO l - l O  tO-ZO l - t O  t 0-,~0 t - tO  ZO-}O i - t O  ZO-}O t - i O  t 0-- '0 i-iO 

Gypoun= n.d. n.d, i0-,~0 trace 1-10 l - a 0  1-10 t -10  t0 -L0 Z0 - ]0  / - t 0  10-Z0 1.10 t -10  

Py r i t e  1.10 30-40 1-10 20.30 i 0 - ; 0  10..10 t race ~0-,10 l-1O L0-J0 L - I o  t -~0 10-Z0 IO-Z0 

Jaroa i te  n,d.  n.d, n,d.  n .d .  . . d .  n,d,  n.d, n.d.  n.d, n,d, n .d .  n.d.  n .d .  n ,J .  

I l ema t l t e  n.d. lO-ZO n,d.  i - l O  . . d .  1-10 . . , I .  l - t O  . , d .  n.d. n,d.  l l .d .  n ,d .  t - l O  

Rut l le  . l -LO n,d. l - l O  1-10 l - I O  1-10 I - I 0  t ra te  1-10 t - I O  t - I O  l - I O  1.10 t ra~e 

"l honard l te  n.d. n,d. n,d.  Ii, d, l } ,J,  ri, d. ILJ.  rt. iL it. (I. 1-10 n.d.  n .d .  • n ,d .  n . J .  

P lea loc iaae n.d.  n .J .  n.d.  n.d. n.d.  n.d. r~d. Jl.d. n.d. . . d .  Jl. (]. n.d.  n .J .  n .d .  
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Table 9, Part 4. M/NERALOGICAL COMPOSITION OF LTA MINERAL MATTER FROM COALS STUDIED 
BY O'GORMAN AND WALKER. 6 

O~ 

-4 
U1 

[)SOC Sa,npl%No, 

Mine ra l  1~7 i~8  129 112 l . l J  I J5 1 ~6 137 1t9 140 141 14/, [ 4 J  157 
Cons t i tu t cn t6  

Kaol ini te  60-70  50 .60  > 7 0  I0 -20  30-.10 50-60  GO-70 2 0 - ] 0  ~ 0 . ] 0  20 -10  :$0 -40 l - t O  I 0 - ~ 0  10-20  

l l l l te  I0 -20  i - 1 0  o . d ,  n , d ,  1 -10  I 0.,~0 | - 1 0  n . d .  1-10 n ,d ,  1 -10  1-10  t - 1 0  n , d .  

Muscovi te  n . d .  n . d ,  n . d ,  n . d .  n . d ,  I0-•0 I - I 0  n , d ,  n , d ,  n . d .  n , d .  n . d .  n , d .  n ;d .  

Ch lo r i t e  n ,d .  n . d .  n . d .  l - t 0  L-10 t r a c e  o,d° n . d ,  n . d .  n . d .  n . d .  I - I 0  I - I 0  t r a c e  

M o m m o r l l l o n i t e  n° d, n . d .  . .  d. n . d .  n. d, n. d, n . d .  n . d .  11. d. n . d .  n . d .  n . d .  n . d .  n, d. 

Mixed l .ayer  I I [ i te-  1-10 l - t 0  1-10 trace 1-10 n,d. n.d, 1.10 n,d, l - | 0  n,d, n.d. n.d, l - t 0  
Montmor i l lon i t  e 

Calc i te  1 -10  I r a c 0  I - I 0  t r a c e  I - I 0  n ,d ,  n , d ,  n . d ,  n . d ,  n , d .  n . d ,  n . d .  n . d .  t r a c e  

Aragon l t e  n . d .  n . d .  n, d. . .  d, n, d. n, d. n, d, 11. d, n. d, n .d .  n . d .  n . d .  n . d .  n . d .  

Dolomite n.d, i1. d. n,d. 10-~O n,d. n.d, n.d. n,d. n,d, n,d, n.d. 1O-~0 1-10 1-10 
Ankerit e n.d. n, d. n, d. n.d. n, d. n. d, n, d. n, d, n. d, n.d. n.d. n.d. n.d. n.d. 

Siderite n.d, n,d. n,d. |0-Z0 n.d. 1-10 10.20 1-10 t-10 n.d, n.d. 30-40 30-40 1-10 

Q u a r t z  | - 1 0  i - 1 0  l - t 0  10-20 1 -10  10-20  1-10 1-10  30..10 10-Z0 30-40  1-10 1 -10  n .d .  

Gypsum l - IO trace ] - iO  lO-.~O 10-20 l - lO  1-10 l - tO tO-?.O I O- ~.0 lO-?,t) l - lO l - l O  IO-ZO 
P y r i t e  l - l O  7 0 - 3 0  l - l O  l - l O  t r a c e  l - l O  I - lO  50 -60  [ - 1 0  l - l O  1 -10  1 -10  1 -10  n . d .  

J a r o s l t e  n .d .  n . d .  n.(I. n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d ,  

Hema t i t e  n .d .  n . d .  n . d .  n . d .  n . d .  n .d .  n . d .  , . d .  n . d .  1 -10  n . d .  n. cl. n . d .  n . d .  

Rutl le 1-10 n . d .  l - J 0  I - t 0  l - J 0  1-10 1-10  t r a c e  i - 1 0  l - t 0  t r a c e  n . d .  n . d .  t r a c e  

] 'hcna  rd i te  n . d .  n . d .  n . d .  n . d .  n.d, n . d .  n . d .  n . d .  n,d.  n . d .  n . d .  n . d .  n . d .  t r a c e  

Hagloclase n.d. n.d. n,d, n.d, n.d, n.d. n.d. n,d, n, 4. n.d. n,d. n,d, n.d. 20-30 

B75071841d 

=Note: n , d .  = not de t ec t ed ;  t r a c e D <  1 , 0 % .  
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T a b l e  I0 .  M A J O R  M I N E R A L S  I D E N T I F I E D  IN S I N K  F R A C T I O N S  O F  L I G N I T E 7  
( L i s t e d  in  D e s c e n d i n g  O r d e r  o£ P r e v a l e n c e )  
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High Low High Medium Top Bottom 
Sodium Sodium Sodium, _ Sodium Seam Seam 
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Q u a  r t z  Q u a  r t z  

P y  r i t e  P ¥  r it e 

H e m a t i t e  H e m a t i t e  

Ba  r i t e  Ba  r i t e  

C a l c i t e  N a c r i t e  Q u a r t z  + P y r i t e  Q u a r t z  + 
n a c  r i t e  n a c  r i t e  

Nac  r i t e  Q u a r t z  + G y p s u m  N a c  r i t e  P y r i t e  
n a c  r i t e  

_ .  Q u a r t z  Q u a r t z  C a l c i t e  Q u a r t z  
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Mines IC 8471, 69-77. Washington, D. C., 1970. 
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14. 

Thiessen, G., "Composition and Origin of  the Miners/ IV£atter in Coal, " 
ix, Lowry, H. H., Chemistry. of Coal Utilization, Vol. I, 485-95. New 
York: John Wiley and Sons Inc., 1945. 

Timg, ~. T. C.,  "Petrographic and Chernical Properties o_f Selected 
N o r t h  Dako t a  L ign i te ,  ~' in  T i n g .  F .  T.  C . ,  E d . ,  D e p o s i t i o n a l  En.viron-  
m e n t s  o f  t he  L i g n i t e - B e a r i n g  S t r a t a  in W e s t e r n  N o r t h  D a k o t a ,  p r e p a r e d  
f o r  t he  a n n u a l  f ie ld  t r i p ,  Coa l  G e o l o g y  Div i s ion ,  G e o l o g i c a l  S o c i e t y  of 
America, November i0-II, 197Z, Guidebook No. 3, 63-68. Grand 
Forks, N.D. : Department of Geology, University o-'[Nor*.h Dakota, n.d. 

F. M/SCELI.JINEO US 

i. A letter was sent out to ERDA Contractors requesting the latest 

version of the process flow sheets developed under their respective contracts. 

Both the pilot-plant a=d commercial-design ~ow sheets were requested. A 

copy of the letter and the list o£ people to whom the letters were sent is given 

in the  Appendix. 

Z. The preliminary data book outline, which was presented in the 

Project 8964 January 1975 Report, was sent to the Advisory Committee for 

review. Sums~aries oft.he material developed so fmr for each of the selected 

five high-priority areas are being prepared. These will be sent ouz to the 

appropriate comnznittee rnezn_bers for review. 

3. A zneetimg was held with the National Bureau of Standards (NBS) to 

discuss the possibility o£ using its services to compile physical and thermo- 

physical data on relevant compounds. A proposal has been received from 

NBS for work that may be accomplished within this year, However, this may 

not work out because of funding problems. 

4. A meeting was held with Mr. John Vogel o£ Argonne National Labor- 

atory to discuss its £1uidized-bed combustion program and obtain his cozn- 

ments on work done in this area. 

IV. P a t e n t  S t a tu s  

The  w o r k  p e r f o r m e d  d u r i n g  J u n e  i s  not  c o n s i d e r e d  p a t e n t a b l e .  
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V. Future Work 

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

Approved ~/" ~" /~#~ Signed 

W. W. Bodle, Director 
Process Analysis 

A. Talwalkar, Coordinator 
Process Data 

JMcK/MS 
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A P P E N D D ( .  R e q u e s t  f or  P r o c e s s  F l o w  S h e e t s  

8964 

 IGT 
• ~ 2 4  S O U T H  S T A T E  STREET lit C E N T E R  ° C H I C A G O .  I L . L I N 0 1 S  e o ~ 1 6  

Ju l y  Z, 1975 

The In s t i t u t e  o f  C--s Techno logy  is p r e p a r i n  8 a 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 fo r  E R D A  u n d e r  
Contract No. E (49-18)-i T30. 

As one section of the Data Book, we are plannin E to 
include up-to-date process flo~, diagrams of aH the coal con- 
version systems currentl7 bein E developed under ERDA 
sponsorship as ~eU as ocher p r o c e s s e s .  We i n t en d  to in- 
clude both  p i / o t - p l a n t  and c o m m e r c i a l - d e s i g n  f l c w  s h e e t s .  
T h e s e  wi l l  show t h e  s t r e a m  quan t i t i e z  and the L,-nportant 
o p e r a t i n g  c o n d i t i o n s .  

We would a p p r e c i a t e  your  send ing  us copies of  the  
l a t e s t  v e r s i o n  of t h e  p r o c e s s  f low s h e e t s  *-hat h a v e  b e e n  d e -  
ve loped  u n d e r  y o u r  c o n t r a c t •  If ava i l ab l e ,  the  f low s h e e t s  
shou ld  be  a c c o m p a n i e d  by  a d e s c r i p t i o n  o f  the p r o c e s s  
r e f e r r i n g  :o the  s p e c i f i c  cond i t ions  a p p l i c a b l e  as  shown and 
d e s c r i b i n g  any i m p o r t a n t  m o d i f i c a t i o n s  r e q u i r e d  as d i f f e r e n t  
cond i t i ons .  

Thanking you,  
Very  t r u l y  y o u r s .  

W W B / m s  

W.. W. Bodle,  D i r e c t o r  
Process  A n a l y s i s  

& F g I / t A T E O  W , T H  I L L I N O I S  r N S T I T U T E  OF  T £ C H N O L O O Y  

I N 5 T 

Figure A - 1 .  

! T U T E 

LETTER SE'~T TO F_/~DA CONTRACTOKS 
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Table A-I. PEOPLE CONTACTED FOR PROCESS FLOW SHEETS 

Dr.  Ralph C.~ates 
Eyr ing Resea rch  inst i tute  
*.~-55 West 820 North  
Provo Utah 84601 

.N# . r .B .E .  MiLts, %'. P. 
Adzninistra~on 
A~[cDowelI Well, nan Eng. Co. 
113 St. Clair/~ve. N.E. 
Cleveland,  Ohio 44114 

Dr.  Alan G= F le t che r ,  Dean 
The University of North Dakota 
College of Enginee rim 3 
Grand Forks ,  1N.D. 53~D1 

Mr.  Harold Fa lkenbe r ry  
Tennessee  Va~ey A~:thority 
Washington Oi~ice 
Washington D.C. Z0444 

Dr. Wendell H. Wise r  
Princ ipal  Inves t iga to r  
Univ. o£ U~ah 
Dept. o£ Fue l s  Emgineerimg 
Salt Lake City, Utah 84112 

Mr.  Willard C. BuJ.J., 
D i r e c t o r  o£ R e s e a r c h  
Pit~sburg & Midway Coal Mining Co. 
9699 West 67~h SL 
Merrmxn,  Karts 66262 

~£r. Har ry  Ylnestein, Direc to r  
Adn% Ope rations 
H£ttman Associates, /mc. 
9190 Red Branch Rd 
Colun=bia, AiaryIRnd 21043 

Mr.  Eric H. ReichL V.P. 
Consolidation Coal Company 
Research Div. 
Library, Pa. 151Z9 

l~r .  R~ C. Patterson 
Combustion ~ngineering, Inc. 
Research and Product 

Development  Dept. 
1000 P rospec t  HLLi Rd 
iVindsor, Corm 06095 

Mr .  John W. -~goe, Exec.  V.P. 
~itunRtnous Coal Research, lUc. 
550 Hochberg ~d 
Monrvevi t le ,  Pa 15146 

Dr. W. ~ Gc ldbe rge r  
Ba t te l l e  ivlernor~al/rest* 
CoI LL~nbus Labora to r i e s  
505 King A':c. 
Columbus, Ohio ~-3201 

Dr. irv~ng Wender 
UoS. E n e r g y  Res. and Devo Adrn. 
P i t t sburgh  Energy  R e s e a r c h  Center  
4800 Forbes  Ave 
Pittsburgh, Pa 15Z13 

Mr° Roger Broeker 
F o s t e r  Wheeler  Ene rgy  Corp.  
110 S. Oramge Ave 
Livingston, N. 3. 07039 

Mr. C. A. ~oiez 
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