Conversion of Organic Sulfur in the Presence of Hydrogen Sulfide

Four samples of cata yst were supplied by the Girdler Corporation, Gas
Processes Division, which the manufacturer at first expected would be capable
of converting as much as 75 grains of crgenic sulfur per 100 cu, ft. in the
rresence of as much as 600 grains of hydrogen sulfide per 100 cu, ft,, leaving
not more than 0.1 grain of organic sulfur per 100 cu, ft. in the purified gas, -

This expectation was based on ‘experiments by the Girdler Corp., wherein
- over 2,000 grains of sulfur (as carbon disulfide) were reduced to about 2
grains per 100 cu, ft., or better than 99.9 percent conversion, With 75
grains of organic sulfur per 100 cu, ft., 99.9 percent conversion would
leave only 0.075 grain per 100 cu, ft., in the purified gas, These cata-
lysts could be operated to serve simultaneously as shift conversion
catalysts, under suitable operating conditioms, :

Girdler's instructions called for first reducing the catalyst at 370° C.
followed by sulfiding with hydrogen containing & hizh concentration of hydro-
gen sulfide, These provisions were carried out, and the first Morgantown
experlment vas begun. The results of these exnerlments are shown in table 6,

In the e flrst exnerlmsnts no steam was added to the gas, Instead of a
reduction in organic sulfur content there was aCuuallJ an increase at 400° ¢,
With no organic sulfur edded, but with ‘hydrogen sulfide being added, as much
as 17 grains of organic sulfur were synthesized at this temnerature.

Lowering the temperaturs to 260° C, gave about 24 percent converswon.
With no crgenic sulfur added, but with hydrogen sulfide added, some organic
sulfur was. s;runesized but to a smaller extent than at the h”gher temperature,

At G¢*dlpr s ﬂuggsstlon 20 mol pe:cent of steanm was added Tais gave
only sl;bnt improvement in performance, so the steam was increased to 40 to
50 percent. Resulis of runs with steam addition are given in table 6. No
thiophens was added in these tests, because the catalyst was not claimed +o
be effective for thiophene conversion and it was desired to first obtain
satisfactory conversion. with the simple types of organic sulfur,

Hydrogen sulf¢de inlet concentratlons were varied from O to 1 ,000 grains
per 100 cu, ft. Inlet organic sulfur concentrations were varied. frdm 18 to
LO grains per 100 cu, ft, Organic sulfur in the outlet gas ranged from 2.0
to 5.0 grains per 100 cu. ft, These data indicate that the organic sulfur
in the outlet zas represents an equilibrium value dependent cn the concen-
tration of carbon monoxide and hydrogen sulfide. Carbon monoxide appears
to have more effect than does. the hydrogen sulfide in establishing this
equilibrium, The natwre of this equilibriwm condition is further brought
out by the fact that when 100 percent hydrogen was used as carrier gas,
containing as high as 720 grains of hydrogen gsulfide eand 15,9 grains of .
organic sulfur per 100 cu., ft., the outlet gas contained as llttle as 0,041
grain of organic sulfur, : : o
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The fact thet the equilibrium orgenic sulfur in the treated gas does
not depend nearly so much on the organic sulfur-hydrogen sulfide relation-
ship as on the carban monoxide-hydrogen sulfide-hydrogen relaticnship
accounts for the very high (over $9.9%) conversion obtained in Girdlert's
carlier worke Thus, in that work, with over 2,000 grains of organic sulfur
por 100 cu, fte. in the inlet gus, ‘che equilidbrium amount in the treated ges
was ebout the same as in the present work, where the inlet concentration was
not over 40 grains per 100 cu. Ite

The work on this catalyst reveals that it does not give encugh canver-
sion of organic sulfur t0 serve as a single treatment for removing orgenic
sulfur fram synthesis ges, since such gas must be purified to contain less
then Ol.l grain of total sulfur per 10C cu, ft. The Bureau's results were con-
Timed by leter work by the Girdler Corp,., which is understood to be meking
further studies with a view toward improving the catalyst.

The catalyst might have value in synthesis-gas purification as a pre- -
liminary step to roduce the organic sulfur concentration fram a very high
level to a level thot could ! be, canpletely removed by some different second-
ary treatment, for example, by means of water scrubbing under pressure
(following hydrogen sulfide removal) or by means of alkalized iron,

The catalyst might 2lso be of walue in purifying fuel ges or city ges,
where it would be sufficient merely to reduce the orgsnic sulfur concentra-
tion to perhops 2 grains per 100 cu. ft. In this application, the lower

carbon monoxide content in manufcatured city gas would iavor better organic
sulfur conversicn. _

The feature of this catalyst is that the hot gos leaving the gasifier
could be treated for orgenic sulfur conversion without removal of hydrogen
sulfide, end hence without cooling the gas. Processes that involve removal
of hydrogen sulfide, then rcheating and hot catalytic conversion of orgenic
sulfur to hydrogen sulfide, followed by cooling to agein remove hydrogen
sulfide would reguire one additional cooling step and one additicnal héating
step. With the Girdler catalyst - if perfomence is adeguate for the degree
of pumncatlon required - no heating of the ges 1s required and only one
covoling stepa

The possible ¢ pphmtion of this cutalyst to the purification of gases
centaining no carbon monoxide - for exam)lu, ammonia synthesis gas = is
evident.

Cobalt Molybdate Catalyst; Platinized-ilumine Catalyst

Because of references found in the literature, it was believed that
cobalt molybdate might prove to be o good catalyst for organic sulfur con-
versicne & seample of this catelyst, supplied by Harshaw Chemical Co., wos
therefore investigeted. At the same time, a sample of platinized-alumine
catalyst, obtained fram Baker & Co., Inc,, was studled. This latter catelyst
in which platinum is supported on activated alumina, wes thought to have pos-
sibilities becaouse oOf the lnown properties of activated alumine and platinum
separately to serve as catutlysts for organic sulfur canversion, .
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Neither the cobalt molyodate nor_the platinized-alumina catalyst was
found to be seatisfactory for nurification of synthesis gas. Space velcci-
ties from 350 to 700 and catalyst temperatures from 400° to 600° C., and
hydrogen sulfide concentrations from O to 340 greins per 1CO cu. ft. were
employed., The cobalt molybdate catalyst indicated some value in cenverting
thicphene, but only at temperatures so high as to preclude its use i waste
heat is to be utilized, As in the case of the Girdler catalyst, both cata-

lysts showed an equilibrium value for organic sulfur (presumably CCS) when
‘no orgenic sulfur was contained in the inlet gas, This was evidently encther
case of reaction between carbon monoxlde and hydrogen sulfide, Data are
~ summarized in table 7.

Simultaneous Removal of Crganic Sulfur and
~ Erdrcgen Sulfide [Huff Catalysts)

Because of the promising results obtained by Huff in the work already
cited, Qu/ it was decided itc try that method of total sulfur removal under
the more Tavorable conditions possible in the purification of synthesis gas.
Because gasification pilot-plant work had already indicated the absence of
tar or oil condensates and because it was believed pessible to free the gas
from dust at elevated temperatures, maintaining such elevated temperatures
at a reasonably ccnstant level, ;t wvag felt that perhaps much better results
m;g“t be obtained in app lying the methed tc synthesis gas purification.

Catalyst selection was made on the basis of the best performances
obtained in the work cited; the original catalyst as well as modifications
and substitutions made during the course of the investigation have been de-
signated as "Huff catalyst,” and this designation will be used in this renort
for catalysts used to absorb organic sulfur and hydrogen sulfide =1multaneously,
catalyst being regenerated by burning off sulfur with air, x.



