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unreacted coal and catalyst and ash, t valves with
very hard inserts on sedats and needles r by downstreanm ori-
fices made of very hard materials, would give much longer service if the mini-
mum flow was held above 700 g.p.h. (17).

Eventually it wasg found tha
» Protected furthe

U-%-U. Was not completely solved,
Flash distillation of H.0.L.D.
Gasification of the regidue fro

possibility that should be tried
fore the plant shut down .

Products and Costs
SERPRELS 8nc (osts

Thermal Efficiency. gn of the hydrogenation dem-
onstration plant information was de

veloped on requirements for heat, power,
steam, hydrogen, fuel

gas, coal, and catalyst, Thig information wag used
later in preparing an estimate of thermal efficy

process. The estimated values indicated that 55
the inbound coal might be available in liquid-fue
clency, however, has not been achieved ip any coal-
tical experience has been that not over 45 percen

Cost Estimates. - Plant information
ised, together with much other cost info

on construction and equipment wag
™mation supplied by various manufac-

imates on installed costs of commerci

‘hese studies made {t evident that some 3 to 4 years would be required from

he time of the decision to build before such a plant could be on 8tream.
{elds of gasoline and other productg cou

1d be predicted realistically from
he demonstration-plant work,

al-gize hydrogenation plants (38).

Problems of Coal Hydrogenation

cagible from an engineering standpoint
avor commercial application at pPresent,
wered by reducing hydrocarbon-gas production

:n, and by improving techniques for removing solids from
raction.
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In the Bergius process, 25 to 30 percent of the m.a.f. coal is mmavoid-
ably converted to hydrocarbon gases. This uses 2-1/2 times as much hydrogen
as is required for the same weight yleld of gasoline. Also, the present com-
mercial return from these gases is only one fourth that from an equivalent
yield of gasoline. Obviously, then, decreagse in gas formation, with an in-

crease in the yield of gasoline, would greatly enhance the possibility of
profitable operation. Such an improvement might be obtained by developing
new catalysts of greater selectivity. The importance of the development of
more efficient techniques for solids removal becomes evilent when it i8 real-

fzed that oil losses in this operation amount to about 10 percent, based on
m.a.f. coal.

To achieve additional cost reduction, an overall slmplification of the
Bergius process should be effected. The probable shift in the Nation's future
demand for liquid hydrocarbong away from gasoline toward use of jet, gas-
turbine, and diesel fuels may permit simplification of the process and thus
expedite application of coal hydrogenation. Previous studies indicate that
a Jet or gas-turbine oil could be produced in a single-stage coal-hydrogena-
tion unit at moderate pressures. With such pressures, eliminating the conven-
tional high-pressure vapor-phase system and reducing power requirements should
contribute to reasonable reduction in liquid-fuel cost. Further simplification
may be possible by applying hydrocarbonization. This technique, carboniza-
tion in a hydrogen atmosphere, could be conducted at 500 p.s.i. and elevated
temperatures with a comparatively small outlay of capital. This process can

also produce large yields of high-B.t.u. gas which may be in high demand in
the future economy of the United States.

The conventional conversion of coal to gasoline by hydrogenation is ac-
complished usually in two steps. The first stage is a liquid-phase operation-
in which a slurry of coal, heavy oil, and a catalyst are treated with hydrogen
at elevated pressures (200 to 700 atm.) and temperatures (400° to 500° C.).
puring this step the coal is converted into lower-molecular-weight material.

The middle-o0il product 1s then converted into gasoline in second-stage hydro-
genation on a8 fixed-bed catalyst.

The problems encountered in this vapor-phase step are similar to those in
petroleum technology. Although our understanding of how a vapor-phase cata-

lyst works leaves much to be desired, considerable practical progress has been
pade in vapor-phase heterogeneous catalysis.

The reactions occurring in the liquid-phase step need investigation most
grgently. Numerous catalytic studies have been made; these have been mostly
empirical tests and have not elucidated the mode of action of the catalysts.
ginetic and product-identification studies have increased our knowledge of the
1iquid-phase hydrogenation of coal. However, these results are difficult to

interpret, because several types of reactions take place concurrently during
tiquefaction of coal.

Some major basic problems concerned with liquid-phase coal hydrogenation
sre:
510330 O-39—10
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1. Relatively little is known about the structure of coal.

2, There is little information about chemical transformations in cata-
lysts during coal hydrogenation.

3. There is Iimited Information about the behavior even of simple
molecules at the elevated temperatures and pressures of hydrogen employed
in hydrogenation of coal.

Studies of vapor-phase hydrogenation in small, continuous reactors should
provide information about catalytic reactions of coal-hydrogenation oils. Data
on the influence of catalysts and operating conditions on the kinetics and re-
lative rates of cracking, of hydrogenation-dehydrogenation, of isomerization,
and of nitrogen- and oxygen-elimination reactions would aid in interpreting
the mechanism of both vapor- and liquid-phase coal hydrogenation. Fixed-bed
catalysts for the hydrogenation of heavy asphaltic oils as obtained from hy-
drocarbonization should be investigated, since processes utilizing dry coal
require conversion of heavy oils to useful products.

Knowledge of the structure and chemistry of coal has increased rapidly in
recent years; with continuing study clarification of many of the still un-
solved problems is anticipated. Improved methods of X-ray diffraction should
develop definitive information regarding the relative amounts of organized ang

unorganized substance in coal and the size and orientation of structural unitg,

Sorption studies should provide a consistent picture of the pore structure of
coal. Infrared studies should be continued to obtain information regarding
chemical groups present in coal. Ultraviolet spectroscopy and nuclear and
electron magnetic resonance may resolve the problems of free radicals, of
color, and of sorption phenomena in coal.

Other desirable chemical studies of coal include extraction by specific
low-temperature solvents, titration of coal in ethylenediamine and similar
solvents, and applications of powerful new reduction systems. Studies of the
charring of organic molecules to yield "coallike" materials may lead to valy-
able concepts on coalification. Microbial attack on organic substances, ugy-
ally very specific, promises to provide definitive data on the structure of
coal and related materials. Such research results may aid in improving and
simplifying processes for obtaining fuel and other chemicals from coal,

iahie
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