R. I. ul=5

Feat-balance caculations showsd that the taernal efficlepncy of the process
(100 tined ratio of B.A,u. in gas plus reeidus to BEt.u. in ceal] wss 74 to 82 per-
conhs nobwithetending tke high beat lozses sncowabered due to the comparstively low
throughput . The temperaturs of the generator during the runs was 2,200° to 2,450° F,
on the top and 1,280% £n 1,7R0% F, at the outlet con the boktem, depending on the reaw-
pination of cxperdmental verisblec, Under these sondltioms the totel steon decompased
was A1WRYE AT least 90 Larcent.

Srnthesls-Gas Treating and Testing

- Ana Eical Work

The Gas Treeting and Testing Laboratory carried sut the necessary snalytical
. work Tor tEe experimental work on pulverized-coml gaslficetlion as well se under-
ground gasification. Bervice ald In the Instrimentation for +he statinn aleo wee

psrfumﬂﬂ.-

MajJor effort continued to be dsvoted to the improving or developing of amalyt-
1eal methads reculred in gae purificetion. Work contirued on the method for determin-
ing thiophene sulfur., With this method, Lhiophens is scrubbed from the gee with
C pnifaric acid, and as little as 0.0001 graln of thicphens sulfur can be determived
in appraoximetely 50 milliliters of acld.

Stuydies of the determivation of wery low cohcentratione of organic sulfur ip gas
ware contlimied. Thasa studies incladed a method whershy organic salfur iz converted
to hydrogsn sulfide by meanz of 8 hot pletinum apiral and the reasulting bydrogen suelfide
ic determined Sy the ultra-gensitive methylene-blue test, az developad by this labora-

3 tory.

Further studles wore made of methods for cetermining grgpnic aulfur fn gae by
combustion followed by turbidimetric deferminetjom of barium swlfate. This Worz In-
cluded spmlication of the spectpophotometer for turbidimetris measurement.,

| Existing methods for earpling and determiration of dust in gee were gtiklisd to
b learn the effect of various wveriables on their relisbility {fig. 63}.

¥ Bench-Geale Purification Experimente

Small.ecale sxperiments were meds to detarmine the efficecy of wvarious methods
for ges purificetion. These incivded work witk calulysts for the rremgval or conver-
slon of o=ganic sulfur (filg. 64}, with active cerbons for removal of thicphene and
gum-forming constitoents, and gcorubbing ashiuhioms for bydrogen eulldde removal. A
Frelimina>y stuwly of the pyrolrysis of thicphene wme undertaken to doberwmine the ex-
tent of such decompeosition st temperatures that may prevall in the puiwerized coal
gazificatisn precssa,

(ne commercial cetalyst was Investigated which, while rof giviog sulflciently
eemplete conversion of crgenlc sulfur, is comsidered warthy of further study. This
eataly=t g capeble of pramoting the conversion of ergenlc sulfur to hylrogen 11—

f Tlde in the presence of high concensrations of hydrogen sulfide. In pure hydragen,

p L0 Which oresnic sulfur and hydroger sulfide have been added, conversion ls subetan-

; tlelly aomplete, laaving leas than 0.1 grain of orgenic sulfur unconverted per -

f dred cuhic feet of gas. With symthesis gee cortsining carbon menoxide, however,
Approximarely ¢ grairs of orgapic sulfur {sarbonyl sulfide) per hundred cubis [eet

o gae remains incanve~ted. The cazelyst manufactursr i=s making further studies

j of the eazalyst to improve 1ts perfoymance,
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Tnocmy.ete shidles of & mobnlt pelybduba cotalyst gave encourasing resultz for
trp norwersior of all forms of organis Buliur fipeluding bhiivoaene), bub this cohalygs
wns not sicoesaful Cnotke rresenca o aigh oomeemtraticns of hyarogen sulllde.

In <he ahgerce of #n iAitizl high comcentralion o bydrogen culllide, this catalyet
wes zncgeesTul in reduning 35 gralns of erganins sulfur {g xrains ez tnlophkene, 16
gralis ns sthyl mercephen, 10 gralng as carbor diznlfide) down to 0.69 zZrain per hun-
ared subie Tooh,  Further lovestigatiocus will he made Witk thiz patalyst in an Ettempt:
to lmorsve the remsval by verying oporuting conditions,

L]

sradies i prosruss with casalyste capable af rsmoving both arganlc gulfur and
hrdrogen =ullide 2lmilLs agualy are givirg proulsing r=su=s. The catolysts absorh
e pnlfur and can bo revivified by burning off +he aulfur wit: air, Srelimiourcy
rozuits show thnt ges containieg 260 grains of hydrogen sulfide and 18 gralns of or-
gn=Ze sulfur {carbor &laulfide azd ethyl sercaptan) wug purifisd to such an extent
that the ex!s gz contained only 1.8 graina of Lydrogen sulcids and 0.3% grain of
sraunic salfar.

Thesn catalysts aro of sonslderabls irtepest becmuse, 1f suecesaful, they wouald
—ake poccible elimlvatiom ef +he liguid-parification step for removing hydrogern sul-
iids, lesving cniy omall emourts of aydrogen sulf'ide and argartc sulfur to ke remeved
by finul pariZivetics, thus anprecilunly reducing costa, o

Iovestigaticne of actlve curbon for pramaval of thiophene and gpum-forming 2ydro-
cartons have been carried out {fdg. 53). Carbons have haen tested whizk rhow that
shina g formars oan be sceguately renoved but with cons'derable losa of carbon life
sy esck peviviileation. Carbans cxamined for thiophsns remoTal bave showr considerabh
procise st ordinary presSsurss. Kith gas containing 4+ gralna of sulfur, ae thiophens; ”
aomplots removal was effected Zor 20 10 20 Says, at a space veleclty of -CO, even
aftor severpal revivifications with stemm. Reaults with Americarn sctive carbons wors
found Lo be saperlor o those obiteined from Manperacrton,” walck was reputed to be the
hest of the sotive cerhbons used t. the Gerran symbhetic-liguaid-fuels industry. Work -
witn astive carbon will be continued at pressures of ahowrs 20 atwospherss,

[akoratory vapor-pregsure Asternirations were madie on various solutizms neged fqu
pemoring ardrogen salfide, inciuding nane-ethenolunine, +tri-etkmnolamine, and alkazid
"aiz geirtion. The momo-sthanclemine solitien (15 percent) end the alkezid solutien.
(gv. @r., 1,13} whowe: epproximstcoly the sare earryng power. With a sulfur pamhent
of 2,000 graine of sultur per geilor of solutict, the hydrogsu salfida rapor rressuTe |
woo 500 zreins of sulfur per o0 eykic fe==t., Lata were gbzalned on 20- and SC0- per-
cent bri-sthenclamine solutions heving silfur contentks as Ligk as 2,500 grsins peT
pal’on, resdting In 7vepol ErepsUncd ranging from tsro to 15,000 greire of salfur
per 109 cubic Test. ITesta were ponduzcted to study the wifect of carbon mryeulfida
and cerbon disulfide on tri-ethenclamire catsonz. Heither proved detrimental.

Puriiication-Cost Stucy

I collunoratlaon with <he GasiZicction Planning Sectior af the Loaiglane, Mo,
teronstration Plant, o cost etudy was made to sstimsze the ot of gas purificatlol
wrav coaLe of waryineg sulfur conterts are ugei “or gasitication. The costs arrived |
at should be consldered tantative only, for furtiier work 1n the lshoratory, g88 puriﬁ
firgtion pilot plent,. and demonstrasion plant will make pocslble more accurata .
=t imatlcons,

Tawie |6 commarires the mue-purificatior st eshimates for cosls nontainlng ;!_f
3, n=d 5 oporeont sulfur in s plont procusing 10,500 barrels of liquid fuel per day.
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F. Z. k56

It was azsumed that 26 younde of soal would be reguirsd per thousend cubic feet of
5ynthesis gag and that 800 oible fest of such gras would Yo reguired per gallon of

Prﬂliumt .

pperating costs for gas parifisation in this #4able include remcwal of kardreeer
culfide by & scrubbing process, Tinal removal of resiiuml hydrogen sult’de by Irca
oxida, =nd removal of srgarnic sulfur. Thess casts inclode depreciatien, maintenarce,
ppd intersst, as well ag laboer, chenicals, and utllitiea.

Het coutk of purification are irdicated whiszk shaw the lowered costs resuliting
yhen credit iz token for sulfur recovered from the hydrogan sulfiide sarubbing process.,
gulfur, &t the mines in Texms or Louisiane, haz seel quoted at $15 per lorg ton f.o.b,
yallread cars and $15.30 per long tor f.0.b, barges. Frelght costs to most of the
pajor conl-producing aress excesd £7.00 per long ton. If the cydrogen suifide ie
turmied to sulfur diozide (es iz sulfuric asl? papulascturs} anz two thirds of ths heat
evolved 1z recovered to produce otemnm having a wvalue of 30 cente per thouwsend nounds,
g atsam credit of shout $2.50 per lemg ton of sulfur results. Combinlng 48 T.e.h,
goat of sulfur al the point ol production, s typleal froight sost t2 4 coal-producing
srea, and the steam crsdis, = values of $29 per long ton of sulfur coald ne assumed,
fewr wuch of suck walpe would have to be disccunted in order 42 a7fcrd incentivs for a
gulfur-censuning plant to locute adJocent to the 1iguid fuels plant is open bo gues-
tion. For thie reasan, net costa of ens puarification are showr, bessd on varlous
valu=e Par sulfur {and stemm] credits. It 1s interesting to note that il a value Jor
pulfur ond stesm credit egquivalent to 325 per long ton of gulfur esuld be acsumed, it
would be adwartapacus te use a high sulfur zoul,

TABLT 165, - Estimated cost of synthesls—ges purification

SUTFRYF In 008l tveeracrassamesenns.-uparcant 1 3 5
Investment in purifica=ion aQulfmemnT ... e $3,555,0GG $5;uhT.GGG 35,688 ao0

Recoverable sulfur/day ..........short tons 38 118 155
Totael cost of sulfar removed per toon af
conl 5aEif1ed vy srarrrerraranernrenss| $0.THS $1.15 3l.32

Hat cos of pirifilcetlon per shorl too of woal
gasified, hased on varisus gulf-r creditsl/

Credit per lemg ton swlfar raravaror, pErCATnE 1 I 3 E

25 30,71 $1.0% 31,38
$1ri AT 91 1.1z
315 62 .19 G
fen” s T i
325 - ), P, a1

lf Sulfur credlts incliude credit for heat recovored from gulfur ceovercion
Iroceds, it any.

Furificotion Pilot Plant

4 gas-purifizatiosn pllot piant iz wnder corstraction (see figs, 6€ and 57). This
Flant wiil includs an sbeorber calumn Jor reroving the malor prozortion of e hydro-
g8n sulfide, & stripping column Cor remowing the hyirogen sulfide from the serusbiag
1iqunr, g8 gas heater and catalyst vessel for catalytic removal or conversion of orgunic
fulfur, ani active carbom vesssle for use in ramoring guwn fermers and organic suifur
¥hich muy not be removel catalytically. A moving-bed filter for removing dust from
EA2 also 1a beiwng comstrusted. Design wes based on Jarmsn shuft £iilers,
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dperaticn ot this pilet plant should yield information of value in preparing
reviged cost estimstes and should determine the effectivenese of gas-purification
oelhods develioped ln tha lsboratory.
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