
I IIIIIIIIIIIIIIIIIIIIllUIIIIlUlMIIIIIIIIIIMIIIIIIII 
DE85006757 

One Source. One Search. One Solution. 

COAL LIQUEFACTION: INVESTIGATION OF 
REACTOR PERFORMANCE, ROLE OF CATALYSTS AND 
PCT PROPERTIES. QUARTERLY PROGRESS REPORT, 
OCTOBER 1, 1984-DECEMBER 31, 1984 

PITTSBURGH UNIV., PA 

1984 

U.S. Department of Commerce 
Nat iona l  Techn ica l  In fo rmat ion  Serv ice  



One Source.  One Search.  One Solut ion.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
t o  U . S .  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 

largest repository and disseminator of government- 

initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 

almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magnetic tape, diskette, multimedia, microfiche 
and paper. 

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of the bibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



DE85006757 
I IIIl]lllll[ll[llll[lllll]llll]llll]ll]IIlllll]lll]lllllllll 

DE85 006757 

Q u a r t e r l y  Progress R e p o r t  

Coal Liquefaction - Investigation of 
Reactor Performance~ Role of Catalysts 

and PCT Properties 

M a n  J .  B r a l n a r d  
Y a t l s h  T .  S h a h  
J o h n  N .  T i e r n e y  
l r v l n g  N e n d e r  

Hohan BadguJar 
Sebastian Joseph 
Awdhoot Kerkar 
Sadettln Ozturk 

University o f  Pittsburgh 
Pittsburgh, PA 15261 

P r e p a r e d  f o r  the D e p a r t m e n t  o f  E n e r g y  
C o n t r a c t  N o .  D E - F G 2 2 - 8 3 P C 6 0 0 5 4  

O c t o b e r  1 .  1 9 8 4  t o  ]~ecember  3 1 ,  1 9 8 4  

DISCLAIMER 

This report was lffiepmmd u an aomut of work spomomd by an a~mcy of tl~ United States 
~ t .  Neltlmr tim United St/tin Go~rnnmnt nor any a~ncy tlmrmf, nor any of their 
mmployo~ makm say warranty, expnm or/mp//Kl, or mmumm any legal liability or rceponsi- 
bility for tin socurany, oomp///sama, o¢ umfulmm of any Informatloa, apparatus, product, or 
Im, omm dindm~, cr mlmmmts that ItJ u~ would not infdnp privately owned rijhtL Refer- 

bere/n to say spsci~ commmcisl product, prooem, or service by trade name, tredemmrk. 
mantis'tutor, or otkfwiu dora not mgcsadly mutitute or imply itl ~dorxmant, r~om- 

or favm'i~ by tlm United Statm Go~ram~t or any a~ncy thereof. The views 
aml opbmm d authon exprm~ ~ do not n a ~ t ~ y  state or mf l~  tho~ of the 
Uuitd Sutuu O w w n r ~ t  or My Iqlcmcy thereof. 

.t nomm m'tmu  



1. O b j e c t i v e  and Scope o~ Work 

The o b j e c t i v e  of t h i s  work i s  to  i n v e s t i g a t e  a r ea s  of s c i e n c e  end 

t e c h n o l o g y  t ha t  have been d e f i n e d  as  be ing  of  prime i n t e r e s t  to  c o a l  

p r o c e s s i n g  t echno logy  de ve l opmen t .  These a rea  i n c l u d e  p r o p e r t i e s  of  coal  

l i q u l d s  and s l u r r l e s ,  r e a c t o r  d e s i g n ,  and p e r f o r ~ n c e  in  r e l a t i o n  t o  r e a c t i o n  

mechanisms.  The work compr ises  I n v e s t l g s t i o n s  of the f o l l o w l n g  h lgh  p r i o r i t y  

areae • 

- - R e a c t i o n  k i n e t i c s  and r e a c t o r  pe r fo rmance  in d i r e c t  c o a l  1 1 q u e f a c t l o n  

- - R o l e  of  c a t a l y s t s  in  i n d i r e c t  l l q u e f e c t i o n  and d i r e c t  c o a l  l i q u e f a c t i o n  

- - P h y s i c a l ,  c h e m l c a l ,  and thermodynamlc p r o p e r t i e s  of c o a l  l l q u e f e c t t o n  

p r o d u c t s .  

York done du r ing  the  f i r s t  y e a r  of  work on t h i s  p r o j e c t  i s  su~mari~ed in  

a Techn ica l  P rog re s s  l ~ p o r t  s u b a i t t e d  t o  the  Department of  Energy da t ed  

October  1984. 

2 .  P rog res s  During Quar t e r  

This  r e p o r t  summarizes work done du r ing  the p e r i o d  October  1, 1984 

th rough  December 31m 198~. A d e t a i l e d  d e s c r i p t i o n  of work i n  each  of the  

three t a sk s  i s  g iven  be low.  

~ s k  I. Reactor Kinetics and Reactor Performance In ~'rect Coal 

Liquefaction. 

A co~puter simulation of a slurry reactor used in dlrec~ coal 

l l q u e f a c t l o n  was p r e p a r e d  du r ing  the f i r s t  y e a r  of work on t h i s  p r o ~ e c t .  The 

s l m u l a t o r  i s  w r i t t e n  in  FORTRAN language  and i s  g e n e r a l  in  the  sense  t h a t  by 

Includlng d i f f e r e n t  k i n e t i c  mechanisms a v a r i e t y  of  d i r e c t  coal  l i q u e f a c t i o n  

p r o c e s s e s  can be h a n d l e d .  ~ork d u r i n g  the second y e a r  of t h i s  p r o j e c t  

i n c l u d e s  con t inued  development  end t e s t i n g  of  the  s l m u l a t o r  f o r  d i r e c t  c o a l  

l i q u e f a c t i o n  p r o c e s s e s  and c r e a t i o n  of new modules fo r  o t h e r  coa l  l i q u e f a c t l o n  



p r o c e s s e s .  The d i r e c t  l i q u e f a c t i o n  p r o c e s s e s  be ing  s t u d i e d  a r e  t h e  EDS (Exxon 

Donor S o l v e n t )  and the  TSL (Two Stade L i q u e f a c t i o n ) .  Other  proceswes which 

a r e  be in  8 i n c o r p o r a t e d  i n t o  the  s i m u l a t o r  a r e  t he  7 i | c h e r - T r o p s c h  p r o c e s s ,  

methanol  s ) , n thes i s~  and the  Hobil  m e t h a n o l - t o l a s o l i n e  p r o c e s s .  The computer  

a o d u l e s  a r e  be ing  deve loped  in  such s way t h a t  t hey  can be used wi th  the  ASPEN 

s i m u l a t o r  w i th  a minimum of  m o d i f i c a t i o n .  

Task 2.  Role of  C a t a l y s t s  in  Z n d i r e c t  L i q u e f a c t i o n  and D i r e c t  Coal 

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

& comprehens ive  r e p o r t  on i n d i r e c t  l i q u e f a c t i o n  was p repa red  dur in8  the  

f i r s t  y e a r  on t h i s  p r o j e c t .  ~'nis work i s  c o n t l n u i n d ,  w i t h  a t t e n t i o n  be ing  

g i v e n  to  methanol  s y n t h e s i s  v i a  methy l  f o r m a t e ,  the  r o l e  o f  CO 2 i n  a e t h a n o l  

s y n t h e s i s ,  and the  v a r i o u s  uses  o f  C02 which i s  a b y - p r o d u c t  o f  c o a l  

c o n v e r s i o n  p r o c e s s e s .  The use  of  added c a t a l y s t s  lu  d i r e c t  coa l  l i q u e f a c t i o n  

w i l l  be s t u d i e d  as  w i l l  nove l  methods f o r  the  l i q u e f a c t i o n  of  f o a l .  

The e y n t h e s | s  of  ~ e t h a n o l  v i a  me thy l  fo rmate  i s  of  s i g n i f i c a n t  conn~ercial 

i n t e r e s t  because  i t  p e r mi t s  c a r r y i n g  ou t  the  r e a c t i o n  a t  r e l a t i v e l y  low 

t e : p e r a t v r e s  where the  t h e o r e t i c a l  c o n v e r s i o n  pe r  pass i s  much h i g h e r  than a t  

t h e  h i g h e r  t e m p e r a t u r e s  used Jn d i r e c t  methanol  s y n t h e s i s .  The r e a c t i o n  t a k e s  

p l a c e  in  two s t e p s - - t h e  f i r s t  be in8 the  c o n v e r s i o n  of  methanol  to  ~ e t h / 1  

f o r m a t e  and the  second the  h y d r o g e n o l y s i s  of  ,uetl~yl f o r m a t e  to  m e t h a n o l .  

The r o l e  of  CO 2 in  methanol  s y n t h e s i s  i s  no t  c o m p l e t e l y  u n d e r s t o o d .  

There  i s  e v i d e n c e  t h a t  s u p p o r t s  the  a lmos t  amazin8 f l u d i n g  t h a t  methanols  

a l t h o u g h  made from CO, ~2~ and 4-6Z C02, may p roceed  e n t i r e l y  th roudh CO 2 

r a t h e r  t han  th rough  CO. The e v i d e n c e  f o r  t h i s  v i i i  be examined .  



Task  3.  P h y s i c a l ,  Chemical  and Thermodynamic P r o p e r t i e s  of  Coal 

L i q u e f a c t i o n  P r o d u c t s .  

Methods f o r  e s t i m a t i n g  moat  of t he  i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  of  c o a l  

l i q u i d s  and p r o d u c t s  have  been p r e s e n t e d  i n  the  r e p o r t  p r e p a r e d  f o r  t he  f i r s t  

y e a r  of  work on t he  p r o j e c t .  Work d u r i n g  t he  second  yea r  w i l l  be c o n c e n t r a t e d  

on i n c o r p o r a t i n g  t h e s e  ~.ethods i n  t h e  compute r  s i m u l a t o r  which  i s  b e i n g  

d e v e l o p e d  in  Task I .  
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