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ABSTRACT

Steam pretreatment is the reaction of coal with steam at
temperatures well below those usually used for solubilization. The
objective of the proposed work is to test the application of steam
pretreatment to coal liquefaction. This quarter, a 300 ml stirred
autoclave for 1liquefaction tests was specified and ordered,
procedures for extraction tests were reestablished, and the
synthesis of four model compounds was completed. Two of these
compounds remain to be purified.
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INTRODUCTION

This is the first quarterly report of a two year program on the
application of steam pretreatment to the direct liquefaction of
coal. Steam pretreatment is the reaction of coal with steam at
temperatures well below those usually used for solubilization.

Steam pretreatment has been shown to be effective in coal
pyrolysis. For steam pyrolysis, it has more than doubled the
liquid yield, reduced the molecular weight of pyrolysis liquid by
31%, and increased yields in mild extraction. Studies of
pretreated Illinois No. 6 coal indicate that steam reacts with the
ether linkages in coal, replacing them with hydroxyl groups. The
result is a partially depolymerized coal. The oxygen content of
this pretreated coal is 27% that of the feed.

These results suggest that steam pretreatment prior to
solubilization will be beneficial to the coal liquefaction process.
It is the objective of this work to test this application. Direct
liquefaction of steam pretreated coals will be carried out in a
stirred autoclave and the results compared with those from the
liquefaction of raw coal.

It is also an objective of this work to develop an improved
understanding of the chemistry of steam pretreatment. For this
purpose, model compounds will be reacted with steam under the same
conditions as used for coal pretreatment and their products
analyzed to determine reaction pathways.



CONSTRUCTION OF LIQUEFACTION TEST APPARATUS

Autoclave designs offered by the leading manufacturers were
examined. A 300 ml stirred autoclave, model DD0300SS03AFl6eD,
manufactured by Autoclave Engineers, Erie,PA, was selected and a
purchase order placed with the company.

The pressure vessel will be constructed of Hastelloy C and have a
low torque closure with a reusable metallic double delta seal. It
will be equipped with a packless magnetic stirrer drive. As a
special modification from the standard design, the autoclave will
be provided with an external cooling coil of 1/4-inch copper tubing
and a custom designed furnace to accommodate this coil. Delivery
is expected in January.

PRETREATMENT STUDIES
Several preliminary extraction tests were carried out using raw
Illinois No. 6 coal in order to establish experimental procedures.
MODEL COMPOUND STUDIES
The first two model compounds, a- and B-benzylnaphthyl ethers (1
and 2), were synthesized in good yields using a modification of the

procedure of Maslak and Guthrie [J. Am. Chem. Soc., 108, 2637
(1986)].

These compounds were prepared by stirring benzyl chloride (0.879 g,
6.9 mmol) with the appropriate naphthol (1.0 g, 6.9 mmol) and K,CO;
(2.0 g) in 30 ml dry DMF at 25°C under a nitrogen atmosphere for 36
hours. The reaction mixture was then poured into a H,O/CH.Cl,
mixture (200 ml each). The organic layer was separated and the
solvent removed by vacuum. The residue was recrystallized twice
from ethanol and checked for purity using thin layer chromatography
on hptlc plates. The vyields for 1 and 2 were 83% and 67%
respectively. The products gave melting points and *H nmr spectra
essentially identical with those reported in the 1literature.
Further purification gave about one gram of each sample with
greater than 99% purity as determined by HPLC.

The second pair of compounds, a- and B-naphthylmethyl phenyl
ethers, was synthesized in good vyields following the same
. rocedure. These compounds are now being purified.



WORK PLANNED FOR NEXT QUARTER

A selection of coals will be ordered from the Penn State Sample
Bank. Procedures for pretreatment will be reestablished and a new
procedure suitable for model compounds will be developed.
Purification of model compounds will be continued.
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