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Ultraviolet spectrometry has been of indispensable assistance alsc in the aromatic
cyclodehydrogenation studies. These studies}@&;_i@i;_&@é/Lwere made to assist in

identifying polynuclear hydrocarbons present in coal-hydrogenation oils and tgo Tro-
vide an understanding of thelr mode of formation. :

An experimental unit for gasifying powdered coal with oxygen and steam hag
been designed and erscted. A gensral view of the wunit is shewn in Tigure L4, mhe
essential ccmponents include an oxygen-supply system, a stsan superheater, coal-
feeding mechanism, reactor, and dust separstor. The reactor is of the vortex type -
end has 2 design capacity of approximately 100 pounds of coal per hour. Arrange-
ments have been provided to supply up to 2,000 cubie feet of cxygen per hour and
to supply 250 pounds of steam per hour, supsrheated to approximately 1,500° F. The
heat loss from the unit is estimated fo be less than 5 percent of the heat in the
coal feed at the design conditions. Mechanics of starting the unit involved severs:
short trial operations. Recent operations have besn free of any major difficultisg
and 1t is expscted that the utility of the vortex for powdered coal gasification
willl be determined within the next year,

Process DNeveliopment - Pilot-Plant Operations

Operaticn of the internally cooled (by oil circulation) process using a com-
pletely flooded bed of granular iren catalyst hes been found Teasible if the physi-
cal structure of the catalyst 1s such as +o avoid disintegration by hydraulic action -
of the oil., Precipitated and pellated jron catalysts arse not sufficiently robust;
but the sintered, or fused, iron oxides are satisfactory. Using a doubly promoted
(vith potassium and aluminum oxides) synthetic ammonia-type catalyst, several runs e
were made in the pilet pilant after moving it from its Pittsburgh location to Bruce-
ton, Pa. These operations varled in duration from several weeks to several months
and were planned to ascertain the optimum operating conditions. Although not yeb
cempletely determined, these conditions now are reascnably well knovn, and the pre-~
sent operation will yield durability as well as product quality and product dis- =
tribution data. A photograph of the plant is shown in figure LS.

The Internally cooled process, as now visualized, will operate with laregely
conductive (by oil circulation) rather than evaporative cocling. For production of
maximum amount of Diesel oil, the temperature will be in the range 230°-2600 C.,
the pressure 300 to 450 P.s.i., and the product about 30 percent wax, 35 percent
Diesel oil, and 35 psrcent gasoline. The wax will be subjected to noncatalytic
cracking for additional Diesel oil production. For maximm gasoline production,
the temperature will be in the range 3009-325° C,, pressure 300 to 450 p.s.i., end
the product chiefly gasoline with about 15 percent of Dissel oll and 2 to 5 percent
of waxz. The space-time yield under optimum operating conditions for Diesel-oil
production is ebout half of that expected of the process when producing chiefly
gaseline, The latter space-time yield is expected tc be about the same sg that of -
the Tluidized iron catalyst process developed by ths United States oil industry. '

The slurry or liguid-phase catalyst, suspension pilot plant is shown in figure
6, Only a few preliminsry operations have been made.

i24/ Orchin, M., Aromstic Cyclodehydrogenation VI, Synthesis of Ring-Oxygen Com~
pounds: dJour. Am. Chem. Soc., vol. TO, 1648, pp. 495-hL97,

125/ Orchin, M., and Reggel, L., Aromatic Cyclodshydrogenstion VII. Rearrangements
in the Phenylnaphthalene Series: Jour. Am. Chem. Soc., vol. 70, 1948, pp.
12h5-1047,

126/ Orchin, M., Reggel, L., Friedel, R. A., and Woolfolk, E. 0., Arometic Cyclo-
dehydrogenation: Bureau of Mines Tech. Paper 708, 1648, ko pp.
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Figure 44, - VYortex powdered-coal gasification pilot

plant.
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Figure U7. - Ligquefaction of coal and asphalt formation.
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Hydrogenation of Coal

Function of Solvents and Catalysts in Early Stages of Coal Hydrogenation

The sbsence of & vehicle or solvent does not affect the rate of liguefaction
of bituminous coal, but the quantity of asphaltic material (insoluble in n-hexane
put soluble in benzol) produced is much less in the absence of solvents. This ob-
servation is of importance in that the capacity of a coal-hydrogenation plant can
be increased appreciably by a decrsase in the amount of asyvhaltic material per
unit of n-hexzane soluble oil produced. Because of the severe engineering diffi-
culties and high costs involved in continucus feeding of dry coal into a high-
pressure plant, the immediate application of this information comcerning the reduced
~gsphalt production in dry coal hydrogenation will be made by pumplng & slurry of
coal and a very low boiling oil or water. Either of these vehicles can be "flashed”
out of the reactor in a stream of superheated hydrogen.

In hydrogenation of coal in sbsence of a vehicle, the quantity of asphaltic
.material per unit of liguefaction decreases rapidly with increasing hydrogen pres-
‘sure in the range 1,000 to 10,000 pounds per square inch, from 0.3 to C.1. The
effects of contact time and temperaturslZl/ at 2,500 pounds per square inch initial
‘pressure (about 5,500 pounds at reaction temperature) is shown in figure 47. At

- koo® ¢., the rate of hydrogencolysis of the asphaltic material is very low, but it
increases rapidly with increasing temperature so that at L1300 G. the rate is high
fenough for & practical coal hydrogenation process.

At low temperatures (400°-115° C.) and when a hydroaromatic compound such as
tetralin is employed as a vehicle, the yield of aspvhaltic materials can be greatly
sduced by the use of powdered zinc-anbimony alloy &s catalyst. This effect is
illustrated in figure 48. At higher temperatures, or when either no vehicle or an
romatic hydroxylated vehicle is employsd, the specificity of zinc-antimony for low
asphalt production is so much less proncunced that its use in a practical coal-
hydrogenation process is of little or no advantage. Similar differences have heen
obgerved in studying the relative efficiencies of tin and molybdic scid as catalysts,
- Thus, molybdic acid is almost as highly efficient as tin for coal hydregenation when
“tetpaliin is used as a vehicle. When no vehicls is used, molybdic acid is markedly

inferior to tin.

The outstanding efficiency of tin as a catalyst for the first stages of coal
hydrogenation persists under a grest varisty of conditions. Whatever iype of vehicle
i3 employed, in the sbsence of any vehicle, and in a wide range of temperatures and
Pressures, tin is cutstandingly more efficlent than other catalysts. This is also
rue for a wide range in rank of coal, provided an adequate adjustment is made in
he proportion of emmonium chlerlde used to neutralize the alkaline inorganic con-
stituents of the ccal. An excess of emmonium chloride of asbout 0.5 percent (of the
051) beyond the neutralization point is essential in all cases for maximum effi-
ciency of tin. No satisfactory explanation of the umique character of tin has yet
een found. Iaboratory experiments designed to furnish such information are in
Progress.

Because of the scarcity of tin, it is necessary to employ mere readily available
end cheapsr catalysts in practical coal hydrogenation opsrations. As may be seen

iéi/_Pelipetz, M., Kurn, E. M., Friedman, S,, and Storch, H. H., Effsct of Catalysts
on Hydrogenolysis of Coal: Ind. Eng. Chem., vol. L0, 1948, pp. 1259-126k.
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from table 19, when a high pressure of about 9,000 pounds per square inch of hydro-
gen is used, the cheaper and more readily available iron compounds approach ths
high efficiency of tin,

TABLE 19. - Hydrogenation of Rock Springs, Wyc., high-voletile C bituminous coal

(In laboratory autoclaves at 450° C., 3,700 pounds per squere inch initial{colq)
hydrogen pressure (about 9,000 pounds at reaction temperature), In absence of
any vehicle. Pyrex glass liner used to avold catalysts by metzl walls,)

Asphalt Fercent
Run Percent of per unit of of ecoal
No. Catalyst ' liquefaction | liquefactioni gesified
&59 - 70.9 0.%3
861 | 1 percent Sn + 0.5 percent NE,C1 .... G7.7 LO7
855 | 0.1 percent Sn as SnClp.2Ex0 &87.8 .50
878 | 0.1 percent Sn (powdered) 82.4 57
849 | 0,1 percent MoO3 e 70.0 L3

0.1 -

0.1

1p

881 percent Zn + 0.2 percent NHLCL ., 75.6
857 percent Fe as FeS0).THoO 70.6 W51
866 ercent Fe as FeS0L.THO covevanann 8l .7 53
872 | 1 percent Fe (powdered) ....ceveeveen. 64 .7 6
875 |1 percent Fo 58 27Tit€ veeveavaeranes 83.1 i
845 |1 percent dried "red mud"l/ ,........ 83,5 Lo ]
}/ Obtained through the courtesy of the Aluminum Co. of America. This material
is the equivalent of Bayermasse, used extensively in CGerman cosl-hydrogena-
tion plants.,

el
O L0 f o A

The uncatalyzed hydrogenation resulted in & liquefaction of 71 percent. As
usual, Sn (in the presemce of C1) provad to be outstanding, The "Standard" catalyst,

1 percent 8n + 0.5 percent NHLC1, produced a liguefaction of 98 percemt. (.1 perceht
Bn, added as SnClp, resulted in 88 percent liguefaction, while 0.1 wercent Sn powder
was somewhat less effective. At =z concentraticn of 0.1 percent, all other catalysts
tried were relatively poor. Since it is desired to use arn iron catalyst in the dem-
onstration plant if possible, several Iron catalysts were tested at a2 higher concen-
tration level, Of these, dried "red mud"128/ seems most promising. At a total con-
centration of 1 percent, it is as effective as 1 percent iron in ths form of FeB0y
(that is, 2.7 percent FeSOk), and it is probably considerably cheapsr,

The extent of gasificaticn varied in & randam manner in these experiments, and
it did not seem to be associated with the extent of liquefaction. The asphalt produc-
tion was high in 211 cases except that in which 1 percent Sn was used.

Laboratory-Scale Process Development

A reactor for studying the hydrogenation of dry coal has been built. Experiments
will be made in & wide range of temperatures, pressures, and catalysts, Ths apparatus,
which is shown in figure 49, is arranged so that a2 continuous feed of powderad coal is
supplied from & pressurized hopper, and a continuocus stream of preheated hyirogen keeps
the powdered coal in suspension. The volatile reaction products are carried out in the
stream of hydrogen gas and the nonvolatiles discharged &s a heavy piteh or slurry of
unreacted cozsl =nd ash in & heavy oil,

Early expsriments indicate that valusble process design information can be ob-
tained from this unit.

125/ See footnote 1, table 19,
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I.C., 7518

Because of widespread interest, a description of the bench-scale ccal-
hydrogenation equipment and procedures has been published.l29

Interest was expressed in determining the susceptibility to hydrogenation of
gilsonite, a naturally cccurring asphalt. A sample of gilsonite from the Uinta
Basin, Utsh, was found to conbaln 2.0 percent benzene-insoluble material, T9.0 per-
cent asphalt (soluble in benzene, insoluble In n-hexane), and 19.0 percent oil
(soluble in n-hexane). It had the following ultimate analysis:

Weight,

Element percent
H 10.13

C 85.16

¥ 3.18

0 1.18

S 0.26
ash 0.09

_ deveral batch auboclave runs were made to determine the ease with which gil-

sonite is hydrogenzted undsr our standard conditions. The results are summarized
in tebles 20 and 21, The density of hexane-soluble material produced was 0.91L
gram per cc. at 25.69 C.

TARIE 20. - Hydrogenation of gilsonite

50 g. gilsonite, 4509 C., 1 hr.

Sn ¢l | Initial Gasifi- Benzene
Run | added, ggged, riz, Asphalt,}/ Oil,}/ cation,i/ insolubles,}/
Wo. |percent| percent |p.s.i.g.] percent percent | percent percent
762 - ; - 1,000 i,z 61,0 k.2 11.k
Tho 1 - 1,000 17.6 56.8 17.4 5.2
750 - 0.55 1,000 16.8 51.8 19.8 13.6
726 1 .55 1,000 k.o 79.2 15.2 7
739 1 55 1,500 2.2 79.8 17.6 2.9

1/ Bassd on weight of gilsonite enly.

TABLE 21, - Production of wvolatile odl

Percent converted]| Percent converted
to preduct to product
Rua digtillable below | distillable below
No. 859 ¢,., 1 atmos, | 200° C., 2 mm, Hg
726 8.8 60.6
739 32.0 65.2

3 T+ is evident that the hydrogenation of gilsonite proceeds with ease, even in
f the absende of a ceatalyst. Unless both Sn and NH;Cl are present, however, there is
. an appreciable production of benzene-insoluble material and a decrease in the guan-
I ity of asphaelt converted to oil.” Gas production was sbout the seme in all the ex-
periments. As may be seen from teble 21, about 30 percent of the gilsonite is

1297 Clark, B. L., Golden, P, L., Whitehouse, A. M., and Storch, H. H., Bench-Scale
Fauipnent and Technigques - High-Pressure Reactlions: Ind. Eng. Chem,, vol.

39, 1947, pp. 1555-156h.
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