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Task  I :  T h e r m a l  B e h a v i o r  o f  S l u r r y  R e a c t o r s  Used f o r  I n d i r e c t  Coa l  
" L i q u e f a c t i o n  

The c o n v e r s i o n  o f  s y n t h e s i s  g a s  t o  l i q u i d  p r o d u c t s  is usually c a r r i e d  

ou t  w i t h  t h e  r e a c t a n t s  i n  t h e  g a s  p h a s e  and  a s o l i d  c a t a l y s t .  Because  o f  

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

may o v e r h e a t  w i t h  l o s s  o f  s e l e c t i w l t y  and  a c t i v i t y .  S l u r r y  r e a c t o r s  i n  which  

t h e  c a t a l y s t  i s  s u s p e n d e d  i n  a l i q u i d  medium, and t h e  E a s e s  a r e  bubb l ed  

t h r o u g h  t h e  s l u r r y ,  h a v e  i n t r i n s i c a l l y  b e t t e r  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  

and appear promising for indirect liquefaction. 

In Task I the thermal behavior of slurry reactors is beln E studied. Of 

particular interest is the determination of multiple steady states if they 

exist. Previous work w i t h  a ruthenium catalyst has shown that two distinct 

s t e a d y  states can he found for identical operating conditions. Other 

catalysts and operating conditions are being studied. 

The slurry reactor has been modified to permit better control and 

~asurement of the amount of liquid in the reactor, to simplify piping, and to 

improve  instrumentation. 

During the last quarter, some related runs were made using the slurry 

reactor and a Cu-Zn0 catalyst (United H-18C). Runs were made at pressures of 

250, 500, 750 and I000 psi; temperatures of 220 C, 240 C, 260 C, two 

compositions; and three flow rates. Not all combinations were tested. 

Results are now being analyzed. 

Durln E the next quarter, the reactor will be run to determine thermal 

requirements with a different Flscher-Tropsch type catalyst. 



Task 2: Coal L ique fac t ion  under Superertctcal Conditions 

Supercrltlcal fluid extraccion Is an attractive process prlmarlly 

because the density and solvent power of a fluid changes dramatically ~rlth 

pressure at near critical conditions, and during the extraction of coal, the 

density of a supercrltlcal fluid should also change the extractability of the 

coal. During the first part of this project a non-reactlng supercrltlcal 

fluid, toluene, was studied to determine the effect of density on the coal 

extractlon/reactlon process. Extractions were carried out for 2 to 60 minutes 

at reduced densities between 0.5 and 2.0 and at temperatures between 647 and 

698 K. The data obtained can be explained by the hypothesls that coal 

dissolution precedes llquefactlon reactions and that the degree of dissolution 

depends upon solvent density and temperature. A kinetic model shows that 

higher solvent densities result in faster conversion rates and in higher total 

conversions. Figure I shows how the model fits the axperlmental dace. A 

complete copy of the subm/tted paper was Included In the last quarterly 

report. 

A second factor that makes supercritlcal extraction attractive is hlgh 

mass transfer rates. At hlgh pressures, mass transfer rates in a 

supercrltlcal fluid are much higher than ln a liquid, despite the fact that 

the supercrltical fluid has llquid-llke solvent powers. In this quarter we 

have been building an apparatus to measure mass transfer rates for naphthalene 

extraction by carbon dloxlde. It has been constructed and pressure tested 

(Figure 2) and experiments wlll begin in late July or AugL~st. We are 

interested in determlu/ng how mass ~rausfer coefflcen~s vary wlth solvent 

density since these parameters will influence the design of extraction or 

reaction processes which utilize supercritlcal fluids. The klnetlc model 

whlchwas developed in the first quarter is based upon the assumption that 



mass transfer resistances are neglIEible at the supercrltlcal cond i t i ons  

employed. However, measured d i f f u s i o n  c o e f f i c i e n t s  have show. a d r a m l t i c  

decrease as so l ven t  p ressure  i s  inc reased and a s i m i l a r  e f f e c t  on mass 

transfer coefficients may exist. If mass transfer coeffldents are not 

sufficiently hlgh~ then coal dissolution rates may be an important factor to 

cons£der In k/netic models. It is thought that supercrltlcal fluids might act 

to rapidly solvate reactive ~ntermedlates and remove them from the coal matrix 

thus preventing retrogressive reactlons. A delay may exist in removing these 

intermediates due to mass transfer limitations. 

Papers  and Pub l ica~ ions  

The Kinetics of Coal Liquefaction Under Supercrltlcal Conditions submitted 

to I&EC Process Design and Development, April, 1985. 

The Effec~ of Solvent Density on Coal Liquefaction Under Supercritlcal 

Conditions, paper to be presented at the ACS Meetlug, Chicago , September 

10, 1985; no be published in Division of Fuel Chemistry Proceedings. 
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Figure 1: The Effect of Toluene Density on the Conversion of Coal to 
Liquids. No~e that increasing density increases both the 
rate and the maximumcon-¢erslon. 



FIG : 2 

5CHEMRTIC DIAGRAM OF EXPEP, IMENTAL SET UP 

C MAss "I'RP, NSFER IN 5uPERCRITIC/~L E'XTRACTIoN) 

_-Q 

~V TC T ~  

\ ' I I t 

t 

2 

5 

4- 
5 

6 

GAS CYLINDER 
REGULATOR 
CHF.CK VALVE 
PUI,~P 
B~cR P R E S S U R E -  

- RF..GUL~O~ 

METERING VALWF. 

7 PRESSURE GkUGE 
WIkTI; R BAIH 

q E'xIRp, C'TO R 
IO ~-'v,J AY PRE~SURE- 

-LET DOWN VRLVI= 

II SAMPLE BO'I'TLE 

I2 Ra T I ~ E  Tt;R 

I~ WET - r l ~ ' r  METER, 

14. VE.N'T 
Tc "THE RMSCOUPLE 

PT PR E~ .~UR E - 
TR~NSDUCEF~ 

TC ~ TO DAT/4 L.o~ER 
"PT J 



,- > 
I I  

"D " 

~ 0 

=E 
¢ ~ , J ,  0 
g l , -  (I) m 
. ¢ ~  .0 
w j = k  w 
t J . ~ 0  , "  

" I Im Im m ,  
> , -  - O 

N o .S 

~ 'r ,  o o_m 
0 ;w _h. ~ ,  • - , ~ '  
~ '~ ~,.~ ® 

:~ fj .g ~. ¢0 

" ' ~ A A  

; 

e 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 

documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About NTIS 

NTIS collects scientific, technical, engineering, and related 
business information- then organizes, maintains, and 
disseminates that information in a variety of formats- including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http:/ /www.ntis.qov. 

NTIS 
Ensur ing  P e r m a n e n t ,  E a s y  A c c e s s  to  
U.S.  G o v e r n m e n t  I n f o r m a t i o n  A s s e t s  



U.S. DEPARTMENT OF COMMERCE 
Technology k:lminishation 

National Technical Information Service 
Springfield, VA 22161 (703) 605-6000 


