
I IMIIIIIIIIIIIMIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIII 
DE86003878 

One Source. One Search. One Solution. 

NOVEL EXPERIMENTAL STUDIES FOR COAL 
LIQUEFACTION. QUARTERLY PROGRESS REPORT, 
JULY 1-SEPTEMBER 30, 1985 

PITTSBURGH UNIV., PA 

1985 

U.S. Department of Commerce 
Nat ional  Technica l  In format ion Service 



One Source.  One Search.  One Solution. 

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  
to  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 m.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 



~', ' .~D B'! OSTt 

D E 8 6 0 0 3 8 7 8  
I IIIl[lllllllIIIIlIIIIlIlllltilllIIIIlllllltllllllllllllll 

DED ! 2 

Quarterly Progress Report 

Novel Experimental Studies 
for Coal Liquefaction 

DE86 003878 

Gerald Holder 
Ya=ish T. Shah 
John W. Tierney 

University of Pittsburgh 
Pittsburgh, PA 15261 

Prepared for the Department of Energy 
Contract No. DE-FG22-84PCTI257 

July i, 1985 =o September 30, 1985 

DISCLAIMER 

TI~  report was p~mrcd as an account ol" work sponsored by an agenR, of th= United States 
Govcrnmc~L Helthcr the U~tcd States Govcrmnent nor any ageocy thereof, nor any of their 
employees, makes any warrauv/, express or implied, or assumes any legal ]iabilit7 or rcsponsi-. 
bility for the accmacy, completeness, or esefulae~s of any information, apparatus, prods-t, or 
process d i s c k ~  or repre~cs  that its t~c woeki not infringe privately owned rights. Refer- 
enc¢ herein to any specilic commercial product, p r o c ~  or service by trade n~m¢, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, x~om- 
meedadon, or favo6ng by the Unlted Stat¢~ Government or any aLcncy ~ercof. The views 
and opinions of authors expressed tcrein do not necessarily seato or reflect those of the 
United States Gov=nment or ,my agency thereof. 

mST  



T_aS~ !: Thermal Be_ha_vip!.of" Slurr__y_React?Fs used for Indirect Coal 

L_ique f ac_____t io__~n 

The conversion of synthesis gas to liquid products is usually carried out 

with the reactants in the gas phase and a solid catalyst. Because of 

relatively poor heat transfer from the gas to the solid, the reaction sltes 

may overheat with loss of selectivity and activity. Slurry reactors in which 

the catalyst is suspended is a liquid medium and the gases are bubbled through 

the slurry have in~rlnslcally better heat transfer characteristics and appear 

promising for indirect liquefaction. 

In Task | the thermal behavior of slurry reactors is being s~udled. Of 

particular interes~ is the determination of multiple steady states if they 

exist. Previous work with a ruthenium catalyst has shown that two distinct 

steady states can be found for identical operating conditions. O~her 

catalysts and operatln E conditions are heine studied. 

Durin E the last quarter work on this task continued in three areas -- 

Fisaher-Tropsch synthesis, methanol synthesis via a formate, and methanol 

synthesis asi~ a Cu-Zn0 catalyst. Most attention was given ~o ~he synthesis 

of methanol using a formate intermediate. The reaction involves carbonylation 

of an alcohol ~o formate and then hydrogenation ~o produce me~l~nol. Thls 

sequence has an advantage over conventional synthesis methods in that the 

reaction can be carried out at a lower temperature where higher conversions 

per pass can be ob~alued because of more favorable thermodynamics. By using a 

slurry reactor, both reactions can take place in the same vessel. The 

carbonylatlon step uses a homogeneous catalyst and the hydrogenatlon step uses 

a heterogeneous catalyst. 

The feasibillty of the reaction was demonstrated in an experiment 



conducted during the quarter in which a mixture of 25% hydrcgen, 75% CO was 

used as feed to the reactor which contained secondary butanol as the carrier 

alcohol. The use of an alcohol other than methanol as the carrier alcohol was 

done so that any =ethanol presented in the product could he definitely 

identified as a result of synthesis. Potassium butoxide was the carbonylation 

catalyst, and Cu-Cr (United Catalyst G-89) was the hydrogenation catalyst. 

The temperature was I00 C, and the pressure was 805 pslg. Analysis of the 

effluent Eases and reactor liquid after four hours of operation showed that 

methanol, methyl formate~ and secondary butyl formate were present. No other 

products were detected. The methyl formate was formed hy carbonylatioa of 

product methanol. The results of the experiment demonstrated that methanol 

can be synthesized in a single step and indicated chat the carbonylatlon step 

is much faster Khan the hydrogenation step under the conditions of the 

experiment. 

The first step in the two step synthesis was also investigated during the 

last quarter. Experiments were conducted using pure CO at pressures of 14-47 

arm and mixtures of methanol and benzene and with potassium methoxide as 

catalyst. Benzene was added to reduce the mole fraction of methanol in the 

liquid phase. It was selected because it does not react with methanol, methyl 

formate, or CO at reaction conditions. The reactlonwas found to be very 

selective. The only product found in the gas and liquid was methyl formate. 

The methanol must be very dry because the presence of even small amounts of 

water results in removal of catalyst in the form of a white precipitate -- 

potassium formate or carbonate. The rate of reaction was measured and results 

are shown is Table !. Further measurements are SeinE made to determine the 

solubility of C0 in methanol-benzene mixtures so that a su/table kinetic 

expression can be derlved. 



During the quarter preparaClons were also made for additional runs usiu E 

an iron Fischer-Tropsch catalyst. Previous runs with iron catalyst showed low 

conversion. The activation procedure was reviewed and modified. Delays were 

encountered in obtaining a liquid medium for the slurry reactor. ExperimenTal 

data will be obtained in ~he next quarter. Analysis of the results obtained 

using ~he slurry reactor for the synthesis of methanol with a C~-ZnO oxide 

catalyst is being carried out with the object of developin E suitable kinetic 

expressions. 

TaBle 1: Ra~e of reaction of CO to methyl formate using potassium 
me~hoxide catalyst 

Methanol Rate of Reaction 
Temperature Pressure Concentratlou Conceutratioa Mole CO Cousumed 

(c~ (arm) (mole/l) (mole/l) per mln 

106.000 41.560 25.000 0.300 0.1343 

106.000 31.320 25.000 0.300 0.I093 

105.600 19.350 25.000 0.300 0.0670 

83.000 26.990 25.000 0.i50 0.0323 

82.000 14.850 18.750 0.150 0.0218 

83.000 45.090 12.500 0.150 0.1065 

85.000 30.770 6.250 0.150 0.1065 

61.000 46.650 25.000 0.i00 0.0056 

111.000 24.800 25.000 0.050 0.0168 



Task 2: Coal Liquefaction under Supercrltlcal Conditions 

Supercri~ical fluid extraction is an attractive process primarily because 

the densltyand solvent power of a fluid changes dramatically with pressure at 

near critical conditlons and duriug the extraction of coal~ the density of a 

supercr!tical fluld should also change the ex=rac=abillty of the coal. During 

~arlier quarters a non-reactlug supercrlu£cal fluid, toluene, was studled co 

determine the effect of densltyou the coal ~tractlon/reaction process. 

Extractions were carried out for 2 to 60m/nutes 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 hypothesis that coal dissolution is required preceding 

liquefaction reactlons and that the degree of dissolution depends upon solvent 

density and ~emperatare. A klnetlc model shows tha~ higher solveu~ densities 

result in faster conversion rates and in higher total conversions. A second 

factor that makes supercrlulcal extraction attractive is h/ghmass transfer 

rates. At high pressures, mass transfer rates in a supercrltlcal fluid are 

much higher chat in a liquid, desplue the fact thac the supercr£tical fluid 

has llquld-llke solvent powers. The ob~ectlve of thls work Is to measure mass 

transfer rates for naphthalene extraction by carbon dioxide ro enable us to 

determln~ how mass transfer coefficients vary with pressure, flow rate, and 

bed height, since these parameters will i=fluence the design of extraction or 

reac~io~ processes which utilize supercritical fluids. 

The schematic of the experimental set up whlch is belngused for =b/s 

purpose is shown in Figure I. Liquid carbon dlox/de is pumped into the system 

via a h/gh pressure liquid pump. The system consists of a preheater which 

allows the solven~ to reach =he desired ~emperature and the ex=ractlon vessel 

conuaiD/ng the solid. The ex=ractlon vessel is packed with naphthalene 

pellets which have been made from pure naphthalene using a dle. The height of 

4 



=he packing in the bed can be changed by using inert packing at =he bottom of 

the bed. The inert packing material being used is oyloa rods of similar shape 

and size as the pellets. Another advantage in using the inert pellets is to 

get rid of entrance effects in the packed bed being used as =he extractor. 

The fluid mixture coming out of the extractor is depressurized to atmospheric 

pressure by passing it through a heated va/ve. The fluid mixture is then 

passed through two gas washing bottles containing liquid =oluene which 

dissolves =he napthalene. The instantaneous flow rate of the gas leaving the 

extractor is measured using a rotameter and the total amount of gas flow is 

measured with a calibrated wet test meter. The whole apparatus is rated for a 

pressure of 5000 psi. The amount of naphthalene extracted by supercrltical 

carbon dioxide is determined by chromatographic analysis of tolueoe/nathaleme 

solution using a 5880A bY Gas Chromatograph with capillary column capability. 

The parameters that are being studied are: 

a) Effect of flow rate on solubility of naphthalene in carbon 

dioxide at different pressures and temperatures. 

b) Effect of bed height on the mass ~ransfer coefflclen~ under 

supercritical conditions. 

c) Effect of flow rate on the mass transfer coefficient under 

supercritical conditions. 

d) Effect of pressure on the mass transfer coefflcleng under 

supercritical conditions. 

The data obtained from above would then be correlated using the follo-~Ing 

expression: 

Sh = a + b*~*S d 



where Sh = Sherwood number 

Re = Reynolds number 

Sc = Schmidt number 

and a, b, c, d are to be estimated from the data collected and the expression 

given above. The viscosity of carbon dioxide and the dlffusivltles of 

naphthalene in carbon dioxide a= the experimental temperatures and pressures 

are obtained from =he llueraUure. 

The data taken up until now encompasses mostly the study of the effect of 

flow rate on the solubility of naphthalene at different pressures and 

temperatures. The experimental conditions are as follows: 

System: Naphthalene - Carbon dioxide 

Pelle~ Characteristics: 

}~terial: Naphthalene 

Shape: Cylindrical 

Size: Length (mm) = I0 

D~ameter (mm) = 5 

Number of Pellets~ 600 

Height of Bed (ft): 0.667 

TemperaTure of Bed (OK): 304, 328 

Pressure (Psi): 250, 500, 750 

Flow rates (Std. Lit./Min at 70°F and 1 Arm): 0.14,0.25, 0.36, 

0.48, 0.58, 0.70 
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5 C H E I v l A T I C  DIAGRAtv ' I  OF EXPERIMENTAL S E T  UP 

(MASr.-~ TRI~,N$FER IN 5uPERCRITICAL EXTRACTION) 
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