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O b j e c t i v e :  

to ongoing Investlgatlons at the Pittsburgh Energy Technology C~nter. 

are: 

.Research is be/n E carried out in two areas which are of ~-terest 

Toey 

a .  

b .  

The project was initiated October 1, 

period from October i, 1984 to December 31, 1984. 

areas is summarized below: 

Thermal behavlor of slurry reactors used for indirect coal 

Liquefaction° 

Supercrltical extraction and couverslon of coal and oil shale using 

supercrltlcal water. 

1984, aud this report covers the 

Progress lu each of the two 

T a s k  1 : 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  C o a l  

Liquefaction 

Eemoval of heat is often a primary limitation for the performance of 

reactors used for indirect coal liquefaction. The use of a slurry reactor 

with good mixing in the liquid phase is a promising alt~ruative t o  the gas- 

solid reactors commonly use~[ In this work, the thermal behavior of a three 

phase slurry reactor is being investigated° A one-llter high pressure 

autoclave is being used in a seml-coutinuous mode--continuous feed of 

synthesis gas and continuous removal of gaseous products but wlthou~ flow of 

catalyst or liquid. A major difficulty in using the reactor has been the 

measurement and coutrol of the amount of liquid in the reactor. Extensive 

modifications to the reactor were made during the first quarter to remedy this 

and to improve the reactor performance. A high pressure sight glass was 

installed outside the ceactor and used as an external liquid reservoir by 

prowldlng a connection to the bottom of the reactor. This permitted 

determination of llquld level and addition of makeup liquid if ueeded. In 



a d d i t i o n ,  t h e  r e a c t o r  c o n t a i n e r  and mounl-iug s t a n d  were  m o d i f i e d  so  t h a t  t h e  

bo t tom p o r t  o f  t h e  r e a c t o r  a r e  a c c e s s i b l e .  Th i s  open ing  i s  u sed  f o r  t h e  

e x ' . e r n a l  l i q u i d  s u p p l y  and can  a l s o  be  u sed  f o r  d i s c h a r o ~ u g  r e a c t o r  c o n t e n t s  

and for removing or addlng slurry when continuous c/rculatlon of slurry phase 

is s~udled. The elecnrlcal connections and Inst~-umentatlon of the reactor 

were also simplified and i~Eoved. ~he computer bait E used no control the 

process was moved to an adjacent room for more convenient operation° 

Work during the second quarter will eonslsr of testin E the reactor using 

a mlx~ure of carbon monoxide and hydrogen and a copper oxide catalyst. 

Task 2: Coal Liqu~act±on unde r Supe~c~i[ : : tcal ,  ~udltlons 

Supercrltical fluid extraction is an attractive process primarily 

because ~he density and solven~ power of a fluid changes dramatically ~Ith 

pressure an near critlcal conditions and during the ex~ractlon of coal, the 

denslty of a supercrltlcal flu/d should also change the extractability of the 

coal. During the first quarter a non-reactlnE supercrltlcal fluid, toluene, 

was studied to dete~.ne the effect of density on the coal extractlou/reactiou 

process. Extractions were carrie ~ _ out for 2 to 60 u~nutes a~ reduced 

densities between 0.5 and 2.0 and at temperatures between 647 and 598 K. The 

d&ta ob~alned can be explained by the hypothesis that coal dlssolutiou is 

required preceding llquefactlon reacU/ous and that the degree of dissolution 

depends upon solvent density and temperature. A kinetic model shows ~hat 

h/~er solvent densities result in faster conversion rates and in hiEher ~o~al 

conversions° Figure i shows how the model fits the exp. erimental data° 

A second factor ~hat makes supercrltlcal extraction a~trac~Ive is high 

mass transfer rates° At high pressures, mass ~ransfer ra~es in a 

supercrltlcal fluid are ~uch higher than in a liquid, despite the fac~ ~hat 

~he supercrltical fluid has liquld-llke solven~ powers. In the uex~ quarter 



~e p l a n  ~o measure  mass ~ r a n s f e r  r a c e s  f o r  n a p h t h a l e n e  e x t r a c t i o n  by c a r b o n  

d~o~Lde .  We ~ e  i n t e r e s t e d  I n  d e t e r ~ L n ~ n g  how ~ s s  t r a n s f e r  c o e ~ f i c £ e n t s  v a r y  

w i t h  p r e s s u r e  s i n c e  ~hese  p a r a m e t e r s  ~r£11 l n ~ i u e n c e  t h e  d e s i g n  o f  e x t r a c e 4 o n  

o r  reaction processes whlch utilize supercri~Ical flu/ds. 
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Figure i: The Effect of Toluene Density on the Conversion of Coal to 
Liquids. None that increasin E density increases both the 
rate =-d the ~n,,m conversion. 
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