INTRODUCTION

This report deals with a pecriion of the research and. develorment
work in the field of synthesis gas purification, carried out by the
Bureau of Mines at its Morgentown, W, Va., Stetion in cooperation with
West Virginia University,

The Bureau's work in connection with gas purification has been
performed with the objective of Tinding effective, low-cost, processes
for removing impurities from synthesia gas to protect the catalyst used
in the Fischer-Tropsch process for production of liquid fuels.i/
Synthesis gas used for the production of other chemicals, such as ammonia,
alcchols, and methene, requires equally rigorous purification, Although
Present-day practice in the manufactured-gas industry does nct require
such a high degree of purification, there is increaging interest in the
complete removal of sulfur campounds frem city gas, :

Although the gas-purification work at Morgantowm deals with several
impurities, major effecrt has been devoted to orgenic sulfur compounds ia
gas; this paper represents s progress report on some of the more important
studies in connection with those ccmpounds, - Because this is & progress
report on the Bureau's experimental work, no attempt has been made to
cover .the work of others on the subject; references to the literature )
have been restricted to those bearing directly on the work described, .

SUMMARY AND CCNCLUSIONS

1. Most of the conclusions reached in this repart - except those
bearing on analytical methcds - should be considered tentative only, :
because investigations on the occurrence and removal of -organic sulfur - -
are continuing, _ -

2, No thiophene has been found in synthesis gas made from rulver-

ized coal, steam, and oxygen in the Bureau's prilet plants.

3. Addition of 0.038 pound of hydrated 1lime per pound of coal .
lowered the organic sulfur content of the gas but had no effect on hydrogen
sulfide content; doubling this ratio of lime to coal further reduced the
concentration of organic sulfur and reduced the concentration of hydrogen
sulfide in the gas. _

b, The relation between sulfur content of coal and. organic sulfur
concentration in the gas cannot be 8imply stated. This relationship
veries with rank of the coal, steam:coal ratio, and other operating

3/ Sends, R. E., Vaitwright, . Vo, omd Schmidt, L. D., Purification oF —
Synthesis Gas Produced from Pulverized Coal: Ind, Eng. Chem., vol.
ko, 1948, pp. €07-&20.



conditicns. Typlcal concentrations of orgenic sulfur in the gas for dliferent
operating conditions are pres enteds

5, Other conditions remsining uncha;igéd, increasing the steam to
coal ratlo greatly decreases the organic sulfur concentration in the ges.

6. Different cambustiom methods for determination of total (‘organic)
sulfur are presented. OF these, the I.G.T. method, with modifications by
the Bureeuts-laboratory, appears to be the best.

To & limited amount of work on the modification of the Referees'
method for detemination of total (orgenic) sulfur shows that the method,
as modified, can give excellent results. : -

8, 4 procedure using the Betz-Hellige furbidimeter for determining
perium sulfate resulting from cambustion methods of determining ‘total
(orgenic) sulfur is presented. This procedure, as revised by the Bureau's
laboratory, can determine as little as 0.0001 grain of sulfur (as barium
sulfate) per 250 ml, of solution. S

9, A& procedure for the turbidimetric determination of barium sulfate
using the Beckmen spectrophotaueter, is outlined. As little as 0,001 grain
of sulfur {as barium sulfate) per 250 ml. of solutlion can be determined.
Llthough this method has only one-tenth the sensitivity of the Betz-Hellige
method, concentration of solutions by evaporation can overcame this objec-
tion. FElimination of the necessity of judging light~intensity end points
is the grest advantage of this method. : R

10, Other methods for determining smell emounts of sulfate were in-
vestigated but found to have no advantages: campared with turbidimetric . -
methods « Lo '

11, Difficulties were experienced in obtaining setisfactory results
fram & method for orgenic sulfur detemination which depends on conversion
of organic sulfur to hydrogen sulflde over activated alumina. - Although the
difficultics -can undoubtedly be eliminated, further investigation of the
method was dropped because of the advantages of the platinum spiral method.

12. The anelytical method of Lusby, involving conversion of orgenic
sulfur to hydrogen sulfide, utilizing the hydrogen content of the ges and
a hot platinum spirol as catelyst, was studied and further developed.

This method has been adopted by the Bureau's laboratory because of -its-
sensitivity,-accuracy, and speed. Details of the method are pres ented.
13, A method for catalytic senversion of orgenic sulfur in the presence
of large emounts of hydrogen 'sulfide wes studied as a process for purifica-
tion. Due to an eguilibrium between hydrogen sulfide, carbon monoxide, and
orgenic sulfur (presumably carbanyl sulfide) ; the method cennot Dbeé used in
its present form for the canplete elimination of crgenic sulfur from syn-
thesis gese. The method probably has considerable merit for certain appli-
cations where about 2 grains of orgenic sulfur cen be tolerated in the
purified gos. ‘ ' R
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14, Brief studies of the use of cobalt molybdate and of platinum on
activated alumina for use as catalysts in organic sulfur elimination did
not give satisfactory results. '

15. ZExperiments with catalysts which simultaneocusly remove crganic
sulfur and hydrogen sulfide (Huff catalysts) gave excellent results.
Purification can be effected to leave less than C.1 grain of total sulfur
per 100 cu, ft, of purified gas. Further werk on this method isg in yrogress,

16, A limited smount of investigation of alkalized-iron catalyst for
the oxidation end removal of organic sulfur, as used in German synthetic
fuel plants, proved that the catalyst produced by an Americen menufacturer
can be used for purification of synthesis gas to below 0.1 grzin of tctal
sulfur per 100 cu. £t, The method is believed tc be mere expensive then
some other possible methods., Further work with this methed is in progress.

17« Several activated carbon samples wére evaluated Tor thsir ability
to remove thiophene at atmospheric pressure, In most cases, the carbons
adsorbed k to 5 percent of their weights in sulfur (as thiophene), Data
are presented,

18, The remcval of carbonyl sulfide at 200 P.sslag. by activated
cerbon vas studied., Capacities of carbens were lowered by carbon dioxide
in the gas, Data on the effect of lincar velocity, carbonyl concentration,

and carbon dioxide concentration on capacity are presented,
l9.f The Bureau*s_gas-purification pilot plant is described,
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OCCURRENCE OF (RGANIC SULFUR

Two pilct plants for the production of synthesis gas directly from
pulverized coal, steam, and oxygen have been operated at Morgantown.
These plants have been fully described in other Reports of Investiga'bions.i/?_/
Briefly stated, the operation of these two pilot plants differs primarily
in the propertioning of steam and coal. :

The larger pilot plant (capacity, 500 1b, of coal per hour) has used
steam:;cozl ratios ranging from 0.19 to 3.43 1b, of steam per pound of coal,
The smeller pilot plant (capacity, 50 lb. of coal per hour) uses a large
excess of coal to steam - in many instances using no steam except that
formed from the water content of the coal. Thus, steam:coal ratiocs as low
as 0.01 1b, of steam per pound of coal were employed. ’ : :

Before these pilot plents were put into operation, some’concern was
felt with respect. to the concentrations and types of organic sulfur com-
pounds that might be obtained. Earlier bench-scale experiments in the
laboratory - together with German synthetic liquid fuel-plant operating
data - revealed that carbonyl sulfide (COS), carbon disulfide (CSy), and
mercaptans (R-SH) can be removed effectively by certain catalytic proc-
esses and that it is immaterial which of these types may be present.
Thiophene (CL[.HI,,S) , on the other hand, resists catalytic treatment, whether
by hydrogenation, hydrolysis, or oxidation, and the presence of thiophene
in the gas would: require special treatment. '

. Tt was known that coke-over gas, as well as gas made from pulverized -
coal in one German plant (Wintershall-Schmalfeldt) ,é/ contained thiophens, -
and it was believed that gas made in the Morgantown pilot plants might
gimilarly yield thiophene, One research project in the Bureau's laboratory
studied. the pyrolysis of thiophene., In this work a concentration of 2,000
grains of sulfur as thiophene per 100 cu. ft. of gas was employed., It was
found that, in an atmosphere: of hydrogen at a temperature as low as 955° C.
and & contact time of 0,006 hour, at least 95 percent of the thiophene
content of the gas mixture was deccmposed to hydrogen sulfide., The remain-
ing 5 percent of thiophene apparently was converted to carbon disulfide,

L/ Strimbeck, G. K., Holden, dohn H., Rockenbach, L. P,, Cordiner, J. B.
- and Schmidt, L. D,, The Morgantown Pilot Plant Gasification of Pulver-
1zed Coal with Oxygen and Highly Superheated Steam: Bureau of Mines
o Rept., of Investigations (in preperation). v -
5/ Sebastian, J. J. S., Edsburn, P. W., Bonar, F., Bonifield, L, W., and
Schmidt, L. D., Laboratory-Scale Work on Synthesis-Gas. Production:
. Bureau of Mines Rept. of Investigations (in preparation).
_6_/ Morley, R. J., The Wintershall-Schmalfeldt Process for the Manufacture
. of Syntheais Gas at Lutzkendorf: British Intelligence ObJectives
Subcommittee Final Report 1142, Itenm 30. : o
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In an atmosphere of nitrogen, under similar conditions, 42 percent of the
thiophene content was converted to hydrogen sulfide, the remainder being
converted to carbon dlsulfide. In this case, increasing temperature low-
ered the conversion to hydrogen sulfide and correspondingly increased the
carbon disulfide ccntent.,

- ~Information from C. Hubmarn, formerly technical director and chief
engineer, Lurgi Co., Franlfort, Germany, in 1947, had indicated that a
temperatwrs perhaps as high as 1,200° C, (without a catalyst) would be
required to convert thiophene ccmpletely to hydrogen sulfide, Results in
the Bureau's pilot plants confirmed the laboratory results, since, at
temperatures as . low ag.982°.C,, no thiophene could.be found by the isatin
test., o ‘

. 'No attempts have been made to determine the other types of crganic
sulfur ccmpounds in gas mede in the pilot vlants separately -since - as
has been stated --except for thiophene, the Torm of crganic sulftr is

unimportant in catalytic-removal processss,-

" Qrganic Sulfur Contents of Cag Produced

- Tebles 1 and 2 give the sulfur contents of gas made in the emall
gasifier; table 3 gives similar data for the large gasifier, Several
conclusions may be drawn from exemination of these data, The relatien
between crganic sulfur concentraticn in the gas and sulfur.content of
the coal appears to be affected by the steam:coal ratio and the type cf
coal gasified, It will be noted that, with a given coal, generally lower
organic sulfur concentrations result from higher gteam:coel ratios, This
is undoubtedly due to hydrolysis and destructive hydéregenation of ‘the
crganic sulfur campounds; more cxcess steam and higher hydrogen contents
are-present in these casess, - R e LT

»&ABLE 1. —iéﬁlfﬁr‘iﬁ'gas from 50-1b, gasifier

, o | Hy in " | Grains /100

i - |8 in coal, |Steam:ccal| gas, |Generater cu. ft.
-Coal used - - percent | ratio  'percent|temp., ®r.[HoS lOrg, S

West Virginia ' T 5 ’ } .
DI tWNiNOUS s seeenosss 2,9 .23 | 33.3 ! 1,997 310 | b3,9
DOtescenecsnnannss 2.9 .08 35.0 | 1,927 |330 | 30.6
Colorédbﬁsubbituminbus._ R .18 33.8 1,810 60 % 5.3
Permsylvanie anthracite| .9 LT 31.0 | 1,820 . |1l0 ; 23.8
:Dooa'uco.-t-oc--o.- -9 i‘ .29 3)4'.9 1,800 lOO ’ 21.2
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TABIE 2. - Sulfur in gas from coal-lime runs {30-1b. gasifier)

- ‘ ; Hpin Grains/100
S in coal, |Steam:ccal Lime:ash| gas, |Generator cu, Tt,
Coal used percent ratio | ratio |percent|temp., °F./HoS [Org. S

West Virginia _ ;

bituminous.. 2.8 0,01, - 32.2 . 1,891 275 | 434
DOusensas 2.8 01 ., 0.35 32.8 1,853 295 | 25.7
Do....... 2.8 0L b0 | 31, 9 1 Bhs -1 80 | 5.1

.. TABIE 3. - Sulfur in gas from joo-lb. gasifier

Grains /100

S in coel,|Steam:coal;Hs in gas,! Generalor cu. f't.
Coal used -percent ratio vercent | Temp., °p, HoS (Org, S
West Virginia ‘ B T
DItUMINOUS.sesnasa| = 2.9 2,71 4.7 2,296 1327 | 11,5
DOseavesosaans 2.9 2.08 52.7 2,172 313 ¢ 1k.4
DOocucn-aococo 2.9 2.05‘ - )4'9-0 2 150 0317 : 13.1"
DOOoc-lor'on.v 201{' ' 0% T 3603 e 115 l335 ’ 2803
Dooocont-'oooc 2¢L" 1012 37.1" ; 2 238 290 119.6
Dovoclqovonoanu- Enh‘ 059 ) 3601" 2 3ll - 376 ;21"'0
DOceestonssane 2.4 A3 32.3 N 2,358 358 ﬂ 30.1
DOvevosnnorasel 2.4 Lo 36.3 2,230 .305 30,5 .
DOssesenaesaaei 2.1 .38 '35.1 1 2,310 390 i 26,27
DOuerasanssesal 2.0 1.28 39.7 ] 2,375 300 | 21.6
Wycnming bituminous, . 1.1 1,10 39.1 2,536 | 150 "19.0
DOvconsnosasce 1.1 1.08° 37.7 | 2,468 157 g 21k
DOyeseesenness 1.1 1,10 37.1 2'ko8 |163 | 18.8

On the basis of two runs with anthracite, it would appear that this coal
{compared with Sewickley bituminous) gives hlgher concentrations of organic’
sulfur in jproportion to the sulfur conterit 'of” the coal when due consideration
1s given to the steam to coel ratios employed. Wyoming (Rock Springs) coal =
a younger bituminous conl - also gives a higher concentration of organic
sulfur in the gos in proportion to the sulfur content-of the coal, again”
giving due consideration to the Ste&m.COul ratlo USud.

It 1s impertent to note from the foregoing that the” organic sulfur con-
centrotion in the gas is not necesscrily proportional to the sulfur content
of thc coal. It is especially important to observe the dccreascd concentra-
tion c¢f orgenic sulfur in the gas when thc steam:coal ratlo is increased
The data on Sewickley bituminous coal illustrute tnls.

The ezperiment in which hydrated llme wasg added to the coal feed to the
small gasifier (table 2) woas carried out primarily to investigate the possi-
bility of lowering the slagging temperature of the ash, since it is plamned
to operate the Bureau's pressure gasifier with the ash slagging A laboratory
experiment had shown that a ratio of 0,35 pound of lime per pound of ash
(0.038 1b. lime per pound of coal) gave the greatest lowering of the ash
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fusion temperature, Use of this lime:coal ratio in the gagifier had no
eifect on the hydrogen sulfide content but did apparently lower the orgenic
sulfur content of the gas, Doubling this lime:coal ratio resulted in much
lower hydrogen sulfide and orgenic sulfur concentrations in the gas. In
passing, it may be noted that this would not ordinarily bs an economical
method of gas purification; addition of lime to the coal feed would be of
interest only where it is desired to operate & slagging gas generator with
a coal of high ash-fusicn temperature,

It is plamned to carry out Purther studles of the relation between
sulfur content of the coal and organic sulfur concentration in the gas under
various operating conditions, Experiments with Kentucky ceal containing
probably 5 percent sulfur are planned, among others,

DETERMINATION OF CRGANIC SULFUR

With the exception of the determination of thiophene, no attempt has
been made in the Morgantown laboratory to develop methods for determining
individual organic sulfur compounds, Several methods,. presented in the
literature, for identifying and determining individual types of sulfur
compounds were trisd, but results were gquite erratic, particularly with
low concentrations. A report on the Morgantown method for determining
thiophene in synthesis gas, based on the isatin reaction, is in preparaticn.

Most of the analytical work was directed toward improving or develop~
ing methods for determining total crganic sulfur, In catalytic remcva
processes where the gulfur content of the purified gas must not exceed 0,1
grain of sulfur per 100 cu. ft., the need for a quick and accurate method
of analysis is evident. -

. The methods which were investigated included: (1) Combustion methods,
with the resulting sulfate determined turbidimetrically, colorimetrically,
T and titrimetrically, and methane dealing with the organic sulfur compounds ;

and (2) .conversion to hydrogen sulfide, with the sulfide determined
colorimstrically. L

Combustion Methods

Combustion methods, although time-consuming, were studied because of
their value as primary standards for comparison in evaluating more con-
venient methods, such as those depending on the catalytic conversion of
the organic sulfur compounds to hydrogen sulfide.. Even after ' a catalytic
method is once proved, the combustion method is of valve Tor rechecking
where there is a possibility that interfering substances are present or
where unusual gas-making conditions might conceivably yield unusual
crganic sulfur COmpounds,not”amgnablevto cetalytic conversion,

Referees’ Methoed -

. mThis-classicalamethod~form&exerminatienwefmtotal sulfur in--ges hes
been in uge for over lOO-years_anﬁﬁﬁéq&ifss:névdetailedudeSCription here.-
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Thig methcd and some of its modificatiens are described by Altleri. 7/ To
use this method, w:tn grevimetric determination of barium sulfate, requires
50 hours if the ‘gas is Dirned at a rate of 0,5 cu. ft. per hour and the
gulfur’ content is as low-as Oyl grain per 100 cu., ft. This would give only
0,0127 gram of barium- sulfate; any appreciable contamlnatzon of the barium
gulfate could result in‘e UfODOfthﬂ&llV larre error. Other objections to
the standard Referees' method are the lack of provisicn for using purified
air focr combustion, need for replenishment of the ammonium carbonate, possi-
ble incomplete SC¢ubpin¢ of the combustion gases (esncc*a¢_y if the gas rate
is 1ncr6“sed) ‘use’ of cork or rubber stoppers, and use of a wet test meter
which mey abSUrb or give up sulfur compounds
Because of the w1desprcad aceceptance of the methoa or modif*catlon

thereof by State regulatory bodies and the manufactured-gas industry, it
was considcred dosirable to investigate the possibility of modifying the
method to eliminate scme of the obJjecticnable features. Morecver, the
method of absorbing the ‘sulfur dioxide in the ammoniacal condsnoate from
the combustion products appeared to have merit since it éliminates the use
of gas washing bottles used in other methods, Gas we shlng bottles - espe-

cially the more: eff*clent types with fritted disks - give considerable back
pregsure and gpnura*Lv requvru a Suctlon pump to exhaust the products of '
combustion,

Brieflv stated, medifications made in the Re ‘erees' apparatus were

to provide for nurlPlcatlon of the combusticn air, supply of emmonia vapor

by passing the air for cambustion through a large bottle of emmonium car-

fbonate and replacement of cocrk or rubber stoppers by the use of inter-

changeable ground-glass Joints, All of the holes in the standard.Referees'
burner ascembly ~ except one - were sealed. Throagh the remaining hols

air that had been purified by passage through gulfuric acid, alkaline
potazgivn ferr1cyan;de and activated carbon wes 1ntrcduced. ‘The ammoniuvm
caroonate was placed on the stream between the purifying train-and the burner.

The oead column of the origlnal apnaratus was replaced with & Friedrich's
condenser, This permitted increased rates of combustion since better cooling
was C;IbCqu A glass flowmeter was used instead of a ‘wet test meter. It
was found possible to burn gas at.a rate of 1. L cu. ft. per howr, and it is
beLleveé this could prcbabl be 1ncreased

To make no@smble more accurate dete“mlnatlons w1th very small amounts of
varium sulfate, a turbld metric method employing the Betz-Hellige turbldlmeter
wvas used, This method - also smployed in other ccmbustion methods - w;ll be
discussed in a latcr scctlon of thls report,

Table h -gives rcsults obtaﬂnea 1='rcn the Burcau's modified Refe“ecs'
methed a2s cemparcd with the I.G,T. burner method. The standerd gas uscd
was a mixture of carbon mon021d£ and hydrcgen fram a cylinder.

7/ Altieri, V. J., Gas Analysis and Testing of Gaseous Materials: Am, Gas
Assoc., Inc., New York th5, pp. 148-150.
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Fiqure I. - |. G. T. apparatus for the determination of organic sulfur in gas.



