®
AR A |
DE85011538 NTls

One Source. One Search. One Solution.

NOVEL EXPERIMENTAL STUDIES FOR COAL
LIQUEFACTION. QUARTERLY PROGRESS REPORT,
OCTOBER 1, 1984-DECEMBER 31, 1984

PITTSBURGH UNIV., PA

1984

f

U.S. Department of Commerce
National Technical Information Service




One Source. One Search. One Solution.

NTIS

Providing Permanent, Easy Access
to U.S. Government Information

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

E: d
f fﬁi\ U.S. DEPARTMENT OF COMMERCE
- Y.

" Technology Administration
‘K = j National Technical Information Service
e Springfield, VA 22161



REWEDFY ST MAY 16985
- DES85011538
S R0 R

DOE/2C/71257--T1

DE85 011538

Quarterly Progress Report

Novel Experimental Studies
for Coal Liquefactionm

Gerald Bolder
Yatish T. Shah
John W. Terney

University of Pittsburgh
Pittsburgh, PA 15261

Prepared for the Department of Energy
Contract No. DE-FG22-84P-PC71257

-0stober 1, 1984 to Deccember 31, 1989

DISCLAIMER

This report was prepared zs an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of ;&
em_ployes, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for.thc acceracy, completeness, or uscfulness of any information, apparatus, product, or
process dxscloscd. or repeesents that its use would not infringe privately owned rights, Refer-
eneehemntoanyspec:f?ceommer:ix]pmduct,pmee:s,orsavieebymde'mmc,mdemark.
manufa_cturer, or ot!:etmse does not necessarily constitate or imply its endorsement, recom-
mendnu‘o?. or favoring by the United States Government or any ageucy thereof, The views
ant!opmmofau!hm:xprmedhﬂdndonotnﬂrﬂys&bormmcttboscoftbe
United States Government or any agency thereof.

FNRAIY
it

pr

MES
<,

DISTRISUTION OF THIS SOCUHEST 1S I



Objective: Research is being carried out in two areas which are of interest

to ongoing investigations at the Pittsburgh Energy Techmology Center. They
are:
a. Thermal behavior of slurry reactors used for indirect coal
liquefaction.
b. Supercritical extraction and zounversion of coal and oil shale using
supercritical water.
The project was initiated October 1, 1984, and this report covers the
period from October 1, 1984 to December 31, 1984. Progress iun each of the two

areas is summarized below:

Task 1: Thermal Behavior of Slurry Reactors Used for Indirect Coal

Liquefaction

Removal 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 altsraative to the gas—
solid reactors commonly use” . In this work, the thermal behavior of a three
phase slurry reactor is being investigated. A one-liter high pressure
autoclave is being used in a semi-coutinuous mode--continuous feed of
synthesis gas and continuous removal of gaseous products but without flow of
catalyst or liquid. A major difficulty in using the reactor has been the
measurement and control 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 reactor and used as an external liquid reservoir by
providing a ccoonection to the bottom of the reactor. This permitted

determination of liquid level and addition of makeup liquid if needed. In



addition, the reactor container and mountiug stand were modified so that the
bottom port of the reactor are accessible. This opening 1s used for the
exrernal liquid supply and can also be used for discharging reactor conteats
and for removing or adding slurry when continuous circulation of slurry phase
is studied. The electrical connections and instrumentation of the reactor
were also simplified and improved. The computer being used to control the
process was aoved to an adjacent room for more convenient operatiou.

Work during the second quarter will comsist of testing the reactor using
a mixture of carbon monoxide and hydrogen and a copper oxlde catalyst.

Task 2: Coal Liquefaction under Supercritical Conditioms

Supercritical £luld extraction is an attractive process primarily
because the density and solvent power of a fluid changes dramatically with
pressure at near critical conditions and during the extractiom of coal, the
density of a supercritical fluid should also change the extractability of the
coal. During the first quarter a non-reacting supercritical fluid, toluene,
was studied to determine the effect of density on the coal extraction/reaction
process. Extractions were carried out for 2 to 60 minutes at reduced
deneities between 0.5 and 2.0 and at temperatures between 647 aud 698 K. The
data obtained can be explained by the hypothesis that coal dissolutioun is
required preceding liquefaction reactions and that the degree of dissolution
depends upon solvent density and temperature. A kinetic model shows that
higher solvent densities result irn faster conversiom rates and in higher total
conversions. Figure 1 shows how the model fits the experimental data.

A second factor that makes supercritical extractiom attractive 1s high
mass transfer rates. At high pressures, mass transfer rates im a
supercritical fluid are much higher than in a liquid, despite the fact that

the supercritical £luid has liquid-like solvent powers. In the next quarter



we plan to measure mass transfer rates for naphthalene extraction by carbon

dioxide. We a-e interested in determining how n=ss transfer coefficieunts vary
with pressure since these parameters will influeace the design of extraction

or reactlion processes which utilize supercritical fluids.
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Figure 1: The Effect of Toluene Demsity on the Conversion of Coal to
Liquids. Note that increasing density increases both the
rate and the maximum conversiomn.
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