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PART T

| PROCESSING, COAL-TO-JIL IFMONSTRATION PLANTS, LOUISLANA, MO.

Cgal-lo-0il demenstration-plant work of the Buresu of Minsz 1z centered at
Lguisiara, Mo, where the utilitivs and sermlcer of a wartime eynthetic-ammoria
plent owvned by the Goveromert ars ayallakle for syntagtic-liquid-fuels praduction.
The purpoxe of this work i1z ta produce 11guid fisls from coal on the mirimam scale
that will enstlo the Bureau of Minea to maks avei_mhle to frdustry the nscessary
rost and coginearing date for cormere lal operatlons.

Two femmetration plants for converting cosl to liguid tuels ere under construc-
tion, one using tre direch-hylrogenetlon or Bergius procest and the otheor the gas-
synthesle or modified Filscher-Tropech ErocIEs (see fig. 1 for piot plan), The 200-
barrel-pel-duy Ayérogenatilon Demonetraticn Flant 15 neerly completed. A conbract
wae lat in 1548 for constructing the 1cf-barvel-per-day Sse-Symtheals Demrme-ration
Flant, which will employ oZyesn pasification of copl and Fiacher-Tropech Symthesis.

Coal-Hydrogenution Temsmotrat lon Flant

Teelgn

A description of the pracess employsd ln the 200-to 300-barrvel-pep-day cepaciiy,
TOG-stmosnhere working pressurg, Hydrogenation Dempnstration rlant was pubiished In
the 1947 snmual report (sce flg. 2 for flow dicgram). By December 1547, 9% percent
of the contract desigh was ione, sng lle remaining vork wasz completed in 1948,

Revertholeos, enginesring detall cantinued throughout 2o48, Imily routioe iz-
olpded making drawings and sketches in cormcetion with £iseld problems; chezking con-
tractors' drawings, specificsticns, end bllls of meserlal for approval; chesking
mapufacturcrs ' dravings against gpeciflcations anc dssipgh Arawings; shecking Teniors’
inyplcar for pament of motorials and equipment; =rd f£leld inspectlon of the zonstrua-
tism work, More than 1,50 new Bechtel Corp., drewings Were checked by The enginesrs
Aweing the wear; ard, sines ths ayerage arewing id revised at leaat twilse before the
Job le Cintshed, oetween 4,000 and 3,000 reviews were mads, Ir addition, thoasands
of bills of materiels, specilicetiens, mipnonetirers ' prints, spare-parhs liste, anc
vendors' inwelces were stualed. Bursau englneerd nnd draftemen prepared ot reaw drew-
inga, morc taan 600 sketehes, charts, and diagrums ard neaTly Yoo puotogrephs for
Illustrating reporhs aml trunclstions, for enginesring-desim crfprmation, and other

Purposes .,

The indexing of thke Tochnical il Mizsien microfilm recle coligcted In Gormanny
after World War I was continued, A% preacnt, somt 185 of the 258 reels ere lndexed.
Tpen completion of the Indexing of the individual revls, & sress Index will be nome
plicd by reel and by eubject. Forty-severn fGermen srticles from the Tochuleal Q21
Mlagion reele have heen Lranslated during the year.

Two snginsers spent full time in corrpaian-oortrol azd material-inspection wark.
Records of ihe behevior of consiruction meterin’s used 1o the Jemonetration pimat ars
important for the safety of plant opers.lcne and will serve &8 the baslz af the design
of frture sommereial-size plants. Hundreds of rarts were cnlibrated. And more than
0 iscmetric sketchea wore preparsd to gerve g permenent records of Lhese calibratioms.

To meke asciurate producticn recorde posaible, all ir Lepuediate- and finishked-pro-
duct storsge temze und veasela wore meszursd for capacily and 43 gage tables were
Prepared,
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Foliowing o wizit to &t oll-lgdrogenetion plant, 4 dezlzion Wes mAds to 1n-
giel: twg owygern rocordars and mliarme Por the first stage of the hyper campressors,
Experiocnce sas indiceted thal, wier the oxygen contont of the hydrogen gac ic higher
ther 0.9 percent, explasions mey oviur. It alsg was confirmed tiw- 1t will be agces-
gaxy to hold the inlet tempsraturs of the vepor-phase comvsrter to within 1imlte of
o¥ I, Wnen in the operating rocge, Instrment provisionz to accsnnlizh thils were
ineluded i ths deslgs.

Raclieatior of the sreat danger present when oxypgen 1le in the syster led to a
review of the hydrogeoslion equlpeent, Inetellationa, and sperating and safety sro-
soduren., with parllic.alar swphasts on the possikle sourses of oxypen contaminetion
at the mplrogot. Ixcett for she imataliet’an of o low-prassuse shut-of T and oxyEen
prropiar gn the nisrogern hyper corpressor, it will net be noccisery Lo altsr or
shange the orieinal Instnllaticrs so eliminate the poasicliliy of & husarleds oky-
oo cantbezat lp the hWydrogsn,

Urtai le=d pluag wors Perenlased for gpereblon ol the hpdirogen gas manufacturing
sed pomprenoion plants.  Two of =he six cracking fornaces and two of ke five hyper
comproosors wi11 be vecd to tupply FfH-percent. purlty ~pdrogen to the hFdrogensetiom
crant wl nigh pressore. The necesssry piplng changes wore medos by the sontractor.
Urbil A Eeall aypet cacpressor Cor algh-pressure ritregon cemsressicn arrives at
v prant and ir fnslallal, ane oF the exiszlizg hypsr compressors will be wsed for

fiopurpoge .,

A& ghbuty was made of all Mlssourl Ordrance Works equipmert to determine what
coald Bio usod inm —he dasmonatraticn-plasat operatien. Tho zurplus wed 1ieffed Tor
Alrposal o olher aponaiza,

Before operating the cracking furmancs, 1t will be necessary to reclaim and
dip e cracking catalyst oo bapd., A survey wes madc of the panpower and matarisli
reculrements tor thkis tzsk, end recormendations ware set forta im o report,

Soermar techniclens broughs to thls country as consuitanta prepsred many re-
ports on problems pertaining to the rydrogenshlon provess, both as precticed in
Germany and ir its proposed epplicetion te the dzsign, conetroetlion, cperation,
fnd muintersnce of the demonstrstien plant. Most of these reports, dntended omly
for Interulfice use, wers retained for the information of the Iowledisna, Me.,
suntion.

Amcng tho soyernl prohisme developed In debail wee the design of A ghall and
tute-type waser cosler In the liguid-phase comverler sball to replace the present
doubies pipe cooler. HBased on equel cooling esurfaca, thls newly dealgnoed ualt will
cost only shout one-third as mach as the old double plpe coolzr, and it way provs
Impurlant In the econooy of Mabure commercisl coal-hydrogenetlcn plansc,

Anatheyr premiszing fevelopment toward rocnomical and troible-free cperation
was substitubion of an ezpaneion engine for the heavy-oil let-dovn wvalvee. In
addiuion to abresive ach, catalyst, and unrescted coal, the heavy-oil lsl-down con-
+tains large gquantities of absorbed gages. Reduoicg the pressure of this mixture
from 10,000 pounds per square inch to noar atmospherls conditicms with the con-
venlional let-down valves is a tyroublesome and coetly operatins becsuse of papld
srogion of the valves. This engive will wtllize the expension energy which at
proacht beas o be aboorbed by the cxpanclon valves.
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In December 1947, 35 porceat of tae copsbruchlo had been corpleted. The
qork waE sontinued vigomously throughout the Faar,

fmplng the first week of Januery, the comvertor ctall wac finished {fig. 3).
gnis 1o a aeavy, relnforced-o nerete structure, 28 by 193 feet and 58 feet high,
apc.psed on thres aiges but open on owe side and the top. It is parfition=d bY
1k-inzh-thick reinforced-consreats walls inte cix separate compartments or "atalls”
o icolata gack grovp of high-pregsure ard high-tesperatare equlpment from the
gthers 1 soze of Tailyre. Trraes of the six stells contain the llguid-phase pre-

E' heeter, the converters, sod the cold geparating equipmsct. The othar thres comteln
E  the correspondlng wappr-phAase 1units .

A 130-L¢n—capacity Cantry crane was erected ir Jammry, tegted In Tebruary,
apd Pram then on wag used comtliutusly for iastalling comverters, preneatsrs, ex-
shangere, cetchpots, and piping in the stwll arsa, The coal-preparatior bullding
and Ainbillation-cortral houss wers eracked in Januazy.

- Tn February. itstallation of eguipment ir the coalepreparallon bulld ng was

£ beguu., Two large reciroulating comprarsors were moved from the Mlssourd Ord-ance

Y yorks area and Instoellesd ia the high=-preseure sompreszor fouse. The naw takor-
atory bullding waz roofed in,

In March the widergrourd yard Fiping was completed anft hack-filled, Much of
K the heavy equipment Was placed durlng this meall, Inzluding —anlks, veccele, PUMEps,
- preheatsr Pramrwark, catchpots, and two converters. Fafractory linirg of the pasls
. prebeater was completad. The oxypen-plart bullding was erected, and ingtallatio-
“of the German Linde-Frankl pland squipment got ander wWoy.

; fhaveground piplng work Incrsaszad ateadiZy dwring lhe 1aitial monthe ot ths

f- yaar and by April reprosented thie maJor pert of the comstructicn grtiwity. The

F* ralnforead-concrste Instrument bullfing (fig. 4} was completed in that nonth, wrd

Y the framework of the sansral control Dansl was bullt, Tuwnis wers imgtali=d in

the Leavy-oll ares, ani ziping werk wag berm betweoer the harks and the completed

F  Wewvy-oil pump house, Frocess piping was complebed dn the distillation and —ank-
yard pmmmp honses.

‘Tie sozond group of houses for emplayees, sonzipting of 20 unlts, WAS Dom-
g Ppleted by the subgonbracteor in Apri_. Br Ay, all Fouses were oocupied. Belrg
} Eutardinatsd to the mefyn project, the constructicn o @roup EATAEESS ehel the copd-
§' Pletion of strect lighting, yard drainags, reating stesm meing, rouwds, walkways,
b and landscaping for the sthire ll-unlt housing projess was not acsomplizhed untll
g, Sertenber.

s By Muy, toe insiellsbion of bign-presours {10,000-pound-per-square innn Work-
- ing pressure) pip’ng was well undsrT way. AL equlpment wus lostsllod 1o the conl.
g 2od pazte-proparatisy plantsg and in ths heavy-oil area, Exchangers in the stall
& 9rea ond ipslratecls in the contrel houss wsre installed as vapidly as deliversd,
g The steem guperheaisr and most of the pguipment aed plping installetion were fin-
;;1Bhed M the keavy-oil let-down £lash-disztillaticor area. Erasticn of the olaot

g c0oling tower was conploted,

In Jino the tnsulztion of tankia aré pize linee was begun. ALl wajor bulldirg
.EtTUEturea nf the coml-hydpagenstion denonstratlion plant were cappleted by July.
The tankase wrow sl vooling-Wator syshom Were rsady by SGeptomber.

oo -
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Following comzleiion ol the oily water geparator, Work on tte plant sewsr systen
ces Tinfshes in Doboner. The dlebillstion unis (fig. 5) wao completad iz that wanta,
ard rewly trainsd oparetors ware besting tho plant Wit pesrole.n by Tovenber. Sor-
cacire of 211 roaze wnd scnztrostion of wallkwsys aid fhe perklng lot olsc were Com-
wloeued dn Drhonsr.,

“he CGeopevns Linde-Tra-wl owrren Tlant Was roudy 7 ¥oveober, and test rumes are Li

LITOMIE

Same of the saterisls used [or the constructior Arc ligted 1n round Ilgurss to
incicihe the mognltuds of the soal-hydrogeration-plant prolect.

Tweuoral 1T 800 2¥0IHE L eareaieaessiraes D Tl 180,000

Comnrebs o e ass e aaa e sbedrme do. 3, Sl

Fuyian fmpmoadem wowd graves] caeesaaesaco-s oo 7,50

Oorueturtl GTEED L eadsemssarrassasnaarsans  ROLD 200

Tanigs =0 Treesilrs T2EE2ls oo riaare oy do. 1,200

Fipe amd taking {mors thon b meleal v.e.e..  do. 1,500

LIMEOTE L o iseeeesearescecasitanssmarerres TIlOE E:
“ovesing zely oams of ths mrincirel Ttews, Sanse figurcs do nob inoliude LD the relban-
Seal oand 2lestrical eguiprnent Sor o planl havirg are alecsrica’ power demend of 4,050
m.,ﬂd&s:n:ummwwﬁmlf.mmchmmﬂnpﬂlgmq

5ix deslgn enginesrs were nioslspad contlnuously ts FPield inspactilor work. They
checked materials sng workmunshlz in Lo vendors' shops, o arrival at ths J[ob site,
amd aftor ersetion or Inssallation. I wes found that 1t ds ot ancugk Lo write
rigli and nesmingly "aiprtipght” epscificetisvs for constrochlon watsrinle and warimar-
ship., Clone ingoecuvlol Was LBeuHoEZY at =very stop in fabriemtion, asserbly, and
erockinn. Deraugs of thelr farzilisrity wito tho prousszs sl the operetion of ali
eyaipront, ilve trained 2pal —kydrosarsticn plart coermtors also wors asslgned ho
Ingpeotion Juty.

Ir Jemusry 1545, the smtressor estinated thet toe Soal-hydrogenatior plart
woale be copzliebed oy July. At present It is enticipatsd thet tha contractor's
cacstruntion work ¥11l be Finisosl 1o Jaruary 1549, Eescone for the aslay ware:
clow procurerens of raterial and equipmest, broken 1=2ilvery promesed resulting
{eom atrikss ir oupfactursrs’ plasts, ditf1eulties in ootairing & sufficient
et ol Sreicod plpsfilters oo the constraction site, miwor shriwe disturbance:,
daiinale sisuetlens dsvoloping frao supsrvislon of Lie efficicacy of unlon worikers,
sectod 4200 culties dn gRRTing sstistecsory #2lds on high rrassure piployp and
niprent, ans Jdeaveldebls desis:. sltarztloms irkerert +0 & cooplex project which

aomr rot nave o preseosrt Inmoamericoe iaduetry.

4z of Tecemter 1, Tlant conmtrastion wiil ke 97 persent coopaste, The major
ems onil_ undelivered ars twoe recysle Rdrogern coRpresaars of 15,000-pwund -per-
souzro-inch worlking Dresaure; 4 15,000-pound-per- syusri - nch citrogen comproRooT,
and Tne Tgpsratory furniture and eguiment, Nene of fiege items wiil cauge serlous
selay Ir. gothicg the plant ssarzed, Deldivery of the nitroger and the clroculeting
compraasars TE expected [r Fsbruary 1642, Opsruticns will net be dalayed, Jor

== He. 3 smmonfs-wcit hypsr comprossor hes bedn temporarily hooked cp fur uitro-
gon zervics, ond wns iws inetellod reeye_e coMRTAIEOTS will tese care of the prelim-
jprapy redoced-sosls rurs. Temporsry laboretory Facilitise are awvsilahle Zn fthe old
Yizsouri OndmAance dorxs mmé will have to subtice Juring initiul uperations, Tor tle
wpar Takoratory ecirment will ast pe feliversd befare Febriary 1ohky, it is felt
thas Lin: end of $he year will fiznd the sonotructlion ezpertlally complete and the
plant roaay for orersticn.
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purallalirg the cematruetion program, plens end preparations for the aafe, Bifi-
oient operation of the plant wers pushed forward on 2 defirite achedule,

Mamrials entitied "Standard Operating Procedures” and "Opsratlomal Safety Bulle-
£rpa" were largely completed by early 1348, dwing to chenger in design, aperating
practices, and adddtlonsl Informetion Prom eguipment manuwfeciurers, thess proce-
duras have been revised sand enlarged repeatedly. Xor normal end AatlsfacTory Oper&-
+jon of the plemt, L5 log-data forme and other miscellensous operating blanke ware
prepared arnd multilithed,

Durirg ®he year & strang, baslc operating crganization was assemhled and trainsd
#gr the hydrogenation plent. Rxpanding frem e nucleuws of o few englineera And sub-
profespioral emplayees, the grganization now 1s B well-bulanced, minimm, aperating
and plenning group capeble of wndertaking the initial cpersticms of the plent.

To curry ot the instruction eyetemetlcal’ly and afficientliy, 8 treining program
was lwangureted and a training mammel prepared. Using the trailning manual &5 a Wrlt-
ten guide, & 20-hcur course was esteblished for all new employees. The manusl In-
alydes sectlone on program and orientation, hydrogematlon process, inatrmenteticn,
machines and equipment, lsbgratory, mecounting and records, riles snd regulaticons,
ood eafety. A4 mmrber of desfpn engineers alse opent part tiIwe for several weeks
studying operating procedures for verlous speratleme so that they could ast as auril-
iary cperators and instructora in starting up the plunt,

45 treining progroaced, 1t becams apparent thet there wes a needl to expsdite the
program by the vde of simplifisd process-Tlov diegrems. Conmequently, 22 drawings
wers prepared from the plping and Instrumentatlon designs. Esch drawlng Incorpor-
ates an entire syetem, such es the wesh and absorbar oil, injecticn water, and blow-
down and relief lines, tual uormelly wowld be =hewnt on meny dravings. Much time al-
roady hac been saved in the training program by the use of these aids. The truiniog
hae progressed untll there 1 now a staff gqualified to oparate the digtilleticom eres
and & nucleus of cperators capabls of moclsting in trelning additional pereonnel ard
ocperating the hydrogernatlion ares.

To assure satlsfactory operationsz, 1t wes necsgsary to write spaclficatiome
for sparating eupplies, such ms lubrlcants and sps:lal tools. A swvey of lubrdcants
waz nede, anc other necessary supplied have heen orderad for sack section of the plaat.

An Inbtunsive sbudy hes heen made of the (ferman decwments on catelysts, frem which
it was possible to prepare epecifications for the vapor phuse hydrogenation catalyst,
Theps spacificaticms were bessd on the 700-atmosphers Welhelm catalyet and w1ll <1}
uzed 1f the aveilable Welkoim catalyet proves umeatlsfactory or after the supply on
hend 1z Aeplioted,

Tt wng congidersd sdvissble to break in the equipment on petroleum oil for sevT-
orel resacns: {1) Operetors have had little or na sxpericnece with dlstillation equip-
memt; (2} the equipment would be tested with an oil free from sollds; and {3} any
faults could be discovered and comected hefore the more critieal coali-hydrogensation
aperation,

Pralirinary calculetions were mede to determine the amount apd type of petroleun
©115 needed for initiml break-in opsrations. Speeifi-etions then were prepered, and
approximately 110,000 gellons of 370 A, P. I. Oklahama crude oll was purchased in August,

EE‘BQII- -5 -
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A detailed emginecring atudy then was mads to determine in adwance the optlmum oper-
mtirg conditicmz for thz initial distilatlon aresm T™mz on the oll received. Test
e Wore begun in dovesker {flg. 6).

hftsr B snbiofactory run of all eguipmert on retralemm oil, the hydrogernsticn
gyatem will he flushwed before starting the rosl -hydrogenasclon opsration with roal -Lar
pratiag olls. A detsiled englneering study has bser made lu determine all of the
apoerabing comditlionz for this step end the guantlty and propetrtles of the conl-tar
2ils requlired. Specificetions zave been prapared for these ofle And inguiries ssrt
to possible sazplises.

Oesl from Bock Sprinzs, Wys., will be used far the 1nitZal run. This coa. will
ta mixed with the purchased coal-tar oils Lo Torm the lnitis_ paste charge to the
plant. Caleutstions have been extendod to dstermine the egullibkrium coerating con-
ditions asing this coal and normal pasting oll from ~he process. These studias, cov-
ering the enbire peried for ewrly mme, ulac are necedsary ta detemeine the vse and
storaze regulremente for tie olls sroduced during the pericd until normel ond com-
bined vapor-snd 1fquid-phaze cperations are establliched.

Owing to the great lmpurtence and relstively new methedz of imatrurentation,
special emohasls was pub on adl Snatrumertatior ztudies, Thermecoupls amd BlaTm
equlpnent, salculetion of oriffice factora, and Irstallation of ell inatruments wets
some of the polnts weder stwdy by apdrogenatiom smgineers during the y=ar.

Az comgtpintion progressed in the nydrogenation pleant, the gag-nanufacturling fu-
:iiittes of the former Miccourl Opdnance Worka plant were trepered for ocperation,
Hyper comiressord were put 1n cperating vonditdor, apd each comproccer now iz being
saled U heurs eack week, The natursl-ges cracking furnaces, Inert-dgus pensrator,
pariZication, and syntheals plaste wore altered and repalred to suolt the noeds of
tae Lydrogenetlion planl &g that the esguipment 1 ready when needed,

Mhe distillstien praot, first unit compieted by the sontractor, was the first
pul lzue gpsraticn. Defore tkc it wag charged with oil it wae necessary Lo fluazh
all the linss wlth water and then remove the water with air. The wvarious cute of
mll producs? in the distilletion piapt are rlended ir the tankage &res sand returned
to the unit as fresh fesd, In this manrer the plent ean be o Tor an nisfinite
time or: the original crude oil. After the hydrogenation ares is comploted and tested,
& run of epproximately 17 daye will b= made ao bota the ligutd and vapor phases, aydro-
genativg the petrolsum oll previcus_y raed or separated in the 2dstillation zlant.
Tn’s operstion not only will break in the squipment or an eil containing ns Aolids
it wlso w111 give szome ueeful {nformetion an the hysrogeustion of petrolewm oll.

Lete in tae year B hydrogemation plancing growp was organized and haa taken
over many of ik: preliminery duties 1n cormectlom with Lhe rreparation of caloulas-
tlon procelures @nd recorting forme.  As operating dete and expsrience besoms wvull-
abie, el funstiges will reguire Zurther expsrsion of this group.

Cormercial Plant-Engineering Stuiles snd Cost Estlmetes

aaucilne

The cozt of zesolire prodised from coml 15 of prime lntersst te ndustry. The
funl-to-0il Dewonstretion Ilent staff has bocn i-vestipating the poseihilisdes of
comercisl produciion by the hydrogeration method for mors thes § yearad. With the 1
aid of Oderman technical psrmomnel having years of experisnce in the field and through
effcitive use of reports: gathered and moseebled by technica? oissions at the close of
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Fiqure 7. - A 100-ton converter ls swung in place by the Gantry crane.
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Fiqure 3. - Excellent view of head-flange construction on German "Wickelofen" or wrapped

h-pressure vessel,
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E. I. Lna

d War II, 1t has besr poasible to develop procesg desligns end eelect cultablsa
aquiPmEI't for the cammercial hydrogenmtiou wf coal in this couwmtry. It musi be em-

sized that the procesd improvementa lncorzareted In these estimates will he tested
in the demons=ration plant and mtil they paze the Lert should be cansidered only as
the bept present armaileble eatimsly.

late in 1947, Bechtel Corp. was engaped to prepare, under the direction and super-
riglon of the Bureaw, preliminary designs and cotiwstes of the esost of s hydrogenatlon
plant o produace 30,000 Larrels per day mt 1iguid products. Tie contruchor's phase of
the work was campleted in July. PRasic process information for the eatimate w3l 8up-
piied by the Bureeu. For ultimate economy, the sstimats ased larger units but other-
yige fellowed convertiongl Britiek and German pracllice. dowevsr, by adopting sane
{gproved proceBAas and comstruction methods, it hae been found that investment end
operating costé cEn bo reoduced subetantially below those in the report. This ravised
sgtimate reflacte the savings ettelnable witl the pressurs gesification of coml, nuso-
matic controls, delsyed cozing of resldiues. ard the replasement of s0lid forged comn-
vortwrs [fig. 7) with spirnlly womd vesse s (tig. 8}.

A plant zspacity of 30,000 harrels rer calender day was selected Lo vblpin maxl-
mum savings in capltal and cperating enst. By comparisem, this capacity ia sbout &0
percent greater tharn the yoarly producticn of the largest German hydrozenatian plant
and sbout equals In size the largest German plant ever plamned {aea fiz. 9). OCepital
gogts are sthmtantislly reduced by the use of larger aingle units and improvement ia
process design {fig., 10}, An even largsr plant size would yield adame socnomy in aper-
atisn, but adequate raw materials, water, and lshor supply might be more difficult to
provide.

To zover cumprehensivsly the coals aulted For the hydrogenstion process, five
coalg were selecied taat are representatlve of the lurge depoits found in this country.
A gereral prosesr Tlow diegraem of the plent was publishsd in the 1947 ammual report

for simplified disgrom, cee “ig. 11}, FEesic ecalculatione ware made uslng Wyoming bi-
fimitous coal beceuse thkis cosl 1 very ouilable for bydrogenstion (fig. 12) ard it is
falrly representative of vast coal deposits 1n Cclorade, Wyoming, end ah in tre Rocky
Mountein sree., North Dekote lignite {s regresentative of that 1ype of fuel occeurring
in lerge guanbities 1o Lhat Btate and Montaze. Montans gubbitiminous coml repracente
another type of 3clid fusl fomd in lerge doposits, and it can be mlued at & low cost.
Tilincis bituminmus coal i reprezemtetive af the high-volatile bituminous eoals Tound
in the midwestern srea, including Indiens and weshern Kemtucky. FPitz sburgh-seam coal
is reaponehly typlcal of large deposlts of coal in Penneylvenia, Weat Virginie, angt-
ern Eemtucky, anl Alabama, Cers was taken not to use coals thet ars slitahle for
coking, Analyses of ezch of the coals gelseted Are showm in Tahle 1.

For these crals, material balances and Tlow dlagrams were prepared to dstermins

tf_:le evsl congurptica, ineluding powar and utility requiremente. Table 2 summarizes
the coul consumplivR and the products abtained per day.

2a0k -7 -



E. I. 56

PARLE L. - Hydropgeration coal spalyses

1 T 2 3 | h E
Pittaburgh -
Wyroming . Dek.| Mont. sub-| Illiacis £OEM

. Coal bitiminoue| 1lgnite | bituminoeus bitumirous | bltumincus
Lo recelved ..... b0 percens 13.32 0.5 2h,1 .7 3.0
DYF sovnessernsar @8h A, 2.7 7.5 10.1 o A G0
Ash comtent after

CLEBNAME aersan do, 2.5 {7.%) 5.5 5,0 5,0
Maiature=- Bnd ash-

free basic
Tolatile matter g, L v kg5 Lo g 41.5 3.3
rarbon (ultimate

level) de. 9.7 7a.0 T6.7 B .0 £3.6
B.t.ua. per pound 14,000 12,150 13,210 14,070 15,000

TARLE 2. - Coul consumption and f£inal products

Pitteburgh-
Wyoming N. Dok, | Mont. sub- | Illlnois B KL
oeR bitumincus) 1ignite | hitweinons bituminonus | hltumlinsus
foal copcumptlion .
Fun-of -mime S661 ««.. bons/day 11,830 22,200 16,530 13,120 10,760
Molstura=- and aeh-
Fruc ool .ecsancans dao, o, 980 1a,h20 11,130 1, 090 9,300
Froductlcm
On80ling .o.ee. ... --. BBl./dey 21,660 20, SO0 oa, 360 21,630 20,250
LP.Gy aecnanrirrann do. 7,100 6,260 &, 400 74130 8,510
PHEROLE casrssanarer de, 1,2hn 1,240 1,240 1,240 1,540
THETOLE .aoveransens Ihojday | (#50,000) (150,000} (450,000} | (45C,000) {150,000}
Total +eeewesssas. BD10fARY 30, 000 30,000 30,000 30,000 30,000

Tie gasoline producsd ig & high-grade antlknmock motor fuel, low i sulfur gontent
{below (.C1 percemt, and higheT in arcmatics and British trermal units per gallon gtz
casolines obtained fro synde oil. The octene mumbsr {potor methed unleaded) ie T8
for bitirainous coal B TRW ma-arial and zomewhat lower for the gbher coals.

Tne phenols rontain about 20 percent carbolle mcid, 33 percent crascls, and LR
percens zylemols. The corposition of the liguefied petroleun gRses (L.P.G.) 1ls aboub
3 percent etlane, g5 perzent progane, and 32 perceat butane.

With this ®asiz infermation, the cost of major equipment, osther maverisls, o237~
sttastign labor, and construction overhead wae raleulated individuslly, smd the total
repregents ths tnTestment reguired for a fully integrated plant.

e estimatwed capltal coeis of thepr plenta are shewm In table 3 for the thres
mein plant asetions.

2904 -8 -
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TARIE 3 - Plant—coat egtlmwote, thousahds of dollara
- Pittsburgh-
Wyoming N. Dek. | Mont. sio= Iiliroie BT
Coml bitmlacue| lignite | bituminous | bitpminggs | bituninous
Fogpogenation Seullon wiveaines| 97,202 90,005 [ 92,635 9,625 108, 605
goe-Proluctior Sectlen ,..ouee| 54,749 60,07 FIPYais 53, 204 B4, T
genernl and suzillery
plants Section «uvvaaeiiaanas| 90,879 28,301 97 678 g3,5?h GG, 265
Tetal, thovsande of dellars.| Zke,YE0 290,282 | 25%,023 240, 503 257, B
Jebl fdar cesieraninenes f,097 5,508 B ué7 B,za7 f, 50l
Fisld lebor .... thousenda of
MAN-ROUTE tasusnrnennrnrrnres| 21,730 22,968 1 22,733 22,013 2o, 303
cranearaarranss bomsl 158,000 155,200 § 164,000 135,000 1E7, 000

steel .....

The teble ghows aleo the astimated man-hours of fleld lsbor and the fotal steel

requiremants,

Trizge figures do not include the develogpmert of mines, emplaFes hoasing,

or rail and pipe-line facilitis=a for the movement of rew zaterials and finiched prod-

ncte.
liguld producta.

The %otal investment iz betwsen 8,100 snd 8,700 dollars per caily barrel of
Stesl requirsd per daily barrel of capacity i3 5.2 to 5.5 teome.

With these capltal coests, the product guanlilles and Sthe coal comeumphtion from

toble 2, menufacturdng costa glven in table 4 were chtained,

The coal pricos are teken

fran the Burean of Minss Minsral Marke- Report 1558 {1o4S) with 10 percent added to ap-

proxlmate curkeot costs,

TARLE 4, - Hﬂnufa:turiﬂg_cnsts

Fittsburgh-
Wyoming N, Imk. | Mont. sub- Illirole 230w
Docl bitwmincus| 1lignite | bltupircus| bituminoual bltumincas
Dol as mived ..., Zollers/Lon 3,50 1.05 1,20 5.12 o2
Persommel requirsd ... vvcueeas 3200 3360 3345 250 3350
Tarly costs 30,000 bhl,/day |
Lig, Products !
COBL i iivavsnnmimnennnnnianans|d 42,110 |4 41,060 | % 18,162 | & 40,925 | § 43,243
Other materinls ..iveervsraaass| 17,156 18,145 18,202 7, bkhz 19,286
Cther direct costs (ieieasnsass| 23,177 29,351 29,562 25,636 29,213
Indirect ool voeevvrvnnnannes| 17,847 158,746 18,662 15,136 38,045
Fived costs ...vicuvnninninnann 51,020 53,613 53,357 51, 80 Bly, 154
Tobol suisnmansraararaasannes|$156,311 [$161,119 | B157,05% P156, 900 165,501
Credit for L.P.G. &t ;
008 grl. Lt | 23,856 21,03k | 21,50k 23,95 . 28 564
ket copt gasoline (without re- i
covery of pherols) .....e.s.|$132,855 |$1h0,085 | $115,351 $133,023 3136,947
Init coste, dollers/gel.
ERE0LITIE i vurnrvaiaraavanaas ek .14 o,.2 0,14 .15

——.

L

Thepe astimates ellow 3 percent of the total imwatment for maintensnce and 6,67

beroent {15 yeare) fer saerlizalion.

™Y hour was taken,

23llan, erediting L.P.&. (liquefied petrolews gos) at O sents per gallom.
fercnces mre due to Variation in coal prices as well as to differest suita>ility

2004

- g

For gperating lsbor, an svermge ruls of FL.75

The gmeoline-mernufecturing coste obtalped are 12 to 17 cents por
The dif-
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af the werlicus agals for tig Froctas, If phenols are racardsd to the extent of 450,000
pounda por day crd credfted 2t 10 cenks per pcunﬂ,_Lhe sast of gnaeline ls redurad by
b ments per gellom, giving net costs mnging “rom £ to 11 cents per #allol.

Trke versatility of thie plent must not bo ovsrlecked, It carn be unaad without
chanee Tor the productisn of aviation-gasolli-e bage otock, whizh can be menifactuored
s+ ghout the sume cog. 2nd in nbout the same gquantity as motor gezceline, Far the pru-

dua=—ion of mliwlate Trom the Llguctted pebTolsuh grees, additicnal dehydrogzraticon and
a1kylotian equlzment i Devcessark.

Tta plant also oz be umed For the preducticn of Jet fuel by & ninor chenge -
roplasement o toe wacor-phase catelyat. The: jet fusl will mest mnll £he spanifica=-
tions gr JP-1 or JE-3 fusls. If required, oils of higher gpecifle gravity and heet-
sue velue por gallan san be gotuinsd.

M produsticen ie aotimrted ms Foallowd:

. JP-1 Jp=3

Jet fuel .ieecerena- teer-saaebbl.fdaT 15,000 2L, 000
Mo=oT SR30LINE +irsreraras-on GO0 6,000 -

LBy vevermecsnnrssnrnsasns 0. h,730 b, 750

THETOLE o receesanmeaansrraras D04 1,250 1,230

TOhal +uuvermemtans snssans 30, QUC 30,000

Fer et Pusl, ascording o tle proposed spesificatlaon Jp-3, gasolina coud ka
“londed into tne jet fuel. Tha menufacturize coste will be somewhat lower them those
glveom tor masiline. Some of the equipmeant necesssyy fob gasoline productlon in the
vanar-phase i dintillaticr arse will Te 1dle or oliminated altapsther If only Jet
fuel <p regqaired.

Pizeel fusl havirg o cesune number from 10 to 50 can he produced in the same
gaartity. The cetane number car be incroased oy uslng 2 specinl cebalysat.

Eaavy Fuel 011

The prosent prineipal sources of neavy Fuel oli are petrolaun-refinsry reoidum
amd coxne-oven tars and pitches, petralem pasidurm being she majer seurce. In racett
FEAE BN 1ncreaged demand for gesu-ine and digt:llats Fuele hes resulted in the tler-
el mod cataiytic craeking of heawy fuel glls to produce more dletiliaces, thereby
monslmaally reducing =he aupp-y of heavy fuel oll. With our preadent price structure
for fusls, the cost of heavy fuel 2il may be sxpzcted to iroreada as the supply
dwindlez.

The pscent shtart eusply of heavy fusl oll from petroleum refining, particularly

in the reavy induetry areas of the gastern bwll of the Unlted States, gtimulated 4
seerch foT swpplemental zeurcas of heavy fusl gil, Theas hesyy-industry nroec heve
nocesg to large depeosibs of high-wolatile bituwmlnouis coal that can be converted easily
imts am oil thet wiil burr readlly 1in sxisting equiyment, At the gzgastion of a
nomhber of lawge consumars of heawy fusl oil, the ataffe of the Aseearch and Jsvelop-

a1t Lutoratories and ths Coal-to-0il Dememntrat'on Piants made 3 Joint study of kke
passible methods of converting coal Lo heavy fuel oil.

Several methoda were conalderad) and ¥ & procedure of slimination, twe tasic
procasdas were delected. The first wed the direct hydrogenation of coal st (00 atmed -
pharss (10,300 p.s.1.) to produce fusl oil, with gesoline, phenols, end llguefied

e Tolts - 10 -
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Figure 15, - High-pressure-valve group assembly on mezzanine floor
of high-pressure pump bouse.

L




Figure 6. = Clase-up of 2-1f/2-inch high-pressure valve. MNote comparative
size of standard 2-1/2-inch valve on top of hand-cperated

gear wheel,



R. I. 4iss

sum geEes &% byproducts. The secpond wWag & combination proceca ievolving Dydroe-
om at 700 mtmospheres to preduce a solvent oll for an extraction gperatisn at
2,200 P.S-Z.) bo meke Tuel oil. Gaaoline, prenols, and liguefied
slom Zaaas BEAln wWere congidered bypraducts.

PE‘trﬂl
ti
. ptmoepheTes |

Fetl"
An Iilineia high-veistile coal was used in thiz gstudy. It was selected beczise
q shortage of heavy fuel oll exishked 1e the Thicego nroa.

The ¢onl has tae proximate and ultirate spalyses ghown fn tahle I,

TaBLE 5. - Proximate and ulsimato anslyses of cogal used

Froximate anelyels To nined | Molsture- ard ash-Tree
MOlATULE casramrerarsranessangrcEnt 13,7 -
Tolatile mabter Loio.ii...ee dow 31.7T h1.3
fxed CAYION sesssas-risrsss dO. k5.2 s2.T
Aﬂh amarmwrpabdddimE R AT K FTE d.':l. _g.h' -
100.0 100.0

Titimate 808 _isis

BULFIT v s versnnnransnansesspEFCENE L. 1.8
HydFoEen s iveivansirerensss . do. 5.6 5.3
CATHOY. sueiavtarsnprrnerrras AT 2.0 A1.3
HitTOEETL cuiesaanwrr-srrensss A0 1.4 1.8
CEfET. o cevaanaemenn s 1+ 18 15,7 9.8
BB sevurnrnnmisnaunsamnnaas 10- TS -
B.b.u. /1., ATO55 weie..ases 11,127 14,470

Ths basic plapt ic o produss 10,000 barrels of fuel ofl yer calendar day or &
1ittle cwver 11,000 barrcls psr glresm dey. Tor sonatraction- and operatinz=codt
egtimates, each plant wes corsidered, Zirst, as haw'ng no saurce of hydrogsn exceph
that which cen be obtalned by oracking the guzes produced by tke yrecess end frem
the gesificution ol <cal; and second, 25 hav ing an adequate sapply of coko-owen g43
svallsble Lo supply The make-up hydrogsn requimsmonts over and sbove that recoTerad
from the off mases hy low-teriperasure seoardtlon.

Inzofar as original -cst wwl wperating expenacs are concarned , tae plarct has
been limited to actuml procesalng equipzont sxd auxilierles, such as Zydrogen pro-
dustion, Tusi-gae producticn, and storage. SUGEM and elsctriz power gencrating
equiyment heave Leern exuluded, ws helng oulslie the scope of the inveatigatieon.

For oach proceas, the number, sizo, and dezalls of mejor pizees of equipmenl
required for sach plart woro determined, Qeperal operlfications for the corwentlanal
equlpment , such Bs PUMDS, COMETESE0OTE, heal exchangers, end wodosle, ware Erepored
ard suhmit=ed to reputables manufacturers Jor guolatiors., By a comperiscn of quota-
tione, priccs were estahlizhed.

T ] TN OV R

For nlgh'y specizlized ailgh-pressure oquipment (see figs, 13-16) suck wa Ir/sctien
Mmps, cempreasors, copverbters, and heat cuchunge=s, prel’mirary Geslgns WoTs wrepared
and submitbted to qualifled mapufsctursers and fabreators rapable o furmishing sach
material, Quotations Trom these sourees sipplizd rellable gogt infermstion covering
the unit cost of equiprent and in mALy IneTcuceds the codt of eresctioon,

E.
!_t.
t
E
b

Ocets of integrated plaats, Such #e uayfen, “ydrogen low-tepipersture saparation,
produser gss, pulverizei-coal gasifization, and comventional refinliug were cbtainsd
B2 completoly erected plente.

2904 - 11 -
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The plont seats lrclude not ooy the equipment, but =sl=sc Foundetlsra, supperts,
bulldings, plping, lnslramente, clavtrical installstions, Insulaticrn, palnting, and
nthor misrellanesys 1tems., The cott of plant util- ties and general plact racllitles
i1z ine uded, axeert fop power and stesn-generating capacity, which iy asaumed to ke
purstied Trom oatslds souwrces. Advinictrative gverhead, sngipesring, and purches-
ing are acdsc oo perserteges of divecl cosus., A vonbingency Pactor and fed lLave
heen udded —o srrive at the total plant cost, Sumneries are shown under general
honttings in tabls &,

T4RLE €. - Comparison of plent costs and productz, (thousands of dollavs)

Tyoe of placth Bydropenaticn Hydroganatian-extraction
Coel prsi-{Coke-gven | Conl guai- Cuk e =oien
Sourze of kyirosen fication Fan fication a8
Coai oang paste
EPCD. awseas. Lhowsands af dollars 5,823 4,972 5,35 5,196
Trdroasnation . da. 20,110 30,110 2,562 29,562
Ertruction ... do. - - &, 78k 6, 78
Jus waysly ... de. 16,9D5 11,2320 14,337 b, oy
iThiLity and
stareme ..., da, 12,154 11,035 14,104 12,998
Tginl plant
o8t e eya A, Eh 332 57,546 75,133 68,759
FUEL 011 sesannesirannnn-ss Bb1l,/day 10, TG 10, 000
JEasline L .iaceeracceeenens 4D, 1,001 1,L50
H O ¢ B Boo 1,300
Prenols cusvevruiaarnnsnnns dz. 159 ) 30L
RGE1EUR wurersrnuonrnnsnn.. LODE day ira LD
Tigh=azs coal .., . eeeee. .. do. L, 9hA 2,00k 1,882 a,752
Joal regueired:
Joal ad mimoet o e aaaas taﬂsfﬂay 5,5T5 5,53]

The cperating costz Incorperate In each factor a reelia<ie unit or codat of prod-
uet based on German, Britisk, and American indugtrial practices.

Direct cofte inslude raw meterisls, such as coal, chemicals, and -oke-oven gad
whea ugsed, operating and maintenmnce labor and supervision, pay-roll overhesc, main-
teporce materiale, sperating supplies, and utilitles, Indirect costs lrclulde admin-
Suirnbive and of7ice gverhsad and indirect operating costa, such as wtilities nct
uzed in operetion, hospital, plant traneportetion, eke, PFixed zozts, such as taxes
aud amortizstion alsn sre iteluded.

(redit is taken for byproduct gesoline, L,Z.G,, rhencls, combustible residuss
and tail gus, vhere 2 surplus is available. The costs ars summarlzed Iin zable 7.

It ams been assumed trat, when coal 1s wused asg a source of hpdrogen, the pluul
wodld be sizuated sdjfacent to the mine, and ne transportation chargez are added,
Wren coka-omen gas o uveed as a scovee of hydrogen, it is sntdeipated thss the coal
must be trersported to the plant fram the mine, and a freight charges of 31.90 per
ton has neer acded. Ir grder to place both plants on a2 compereble heasie, dellvering
oil to the same poict, a freight charge of 85 cents per bayrel for the oil hasz bheen
wild=d whan whes plant is located at the mins,

Ta setiing up the fixed costa, 1t was asrumed that the plent would te amortized
In 1% wears.
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PABLE 7. - Comparison of dsily cpersting coste et Ziffereat cosl prizes

Gost of coel per ton at mine

53

B

37

Hrarogenatior = Ho from coml gesification
Tast of coal Cerr e
ﬂth&r dirﬂﬂt EDStE R N N LR LR R R EEEE Y]
Indirest ceabe Lo, e ieerp e e st
Fim& GDStE B I RN EE s D dyg iy PR FEYYS R IR NN FRAD
Total coate
Jredito immarmarEran
Nat cogt D1US CONLInEeNCy ... it irinsrirssnnnranns
Freight oh ail ........ .
Net coet 2lus ocomtiagency & freight
Coet par bartel .. .iieee.
engtlien - Ho from ccke-oven gas

ot of 2081 i renarnatunrarnserranrrsanannes
Frelght on coal @ 81,90 . ....ees, ..
Coke=0Ver SA8 . ....vvnvna--
Other ITract casts
Indirect coota
Filxed cOBSE | i iivuviaanns
Tokal costs
Cradite e mm iRt EE A mA LA d e A a gttt
Hoal cost plus Conlinmeney | e ivaemrsacsresdanes
Cost per harral .,....
Eydrogensticn-eztracticn - Hy from coed gaspificaticon
Coat of coal . ivuvasnssnna.
Cther direct codte
Indiract 208bs ., ., rr i aciarerer.
leﬂlﬂ. ':":'51'5 4B R RN ok d ok ok omkon koW NN WA AN AN AN RAd kA A&
Total coELE
fredlts e,
Ret coat plus contingency ... v iesiviiasciisnuanas
Fmisllt won w1l EE kP R FE N WY RANN R NN I YEEAA ERA R A AR
Net cost plos contlngency & frefght L. vevrerevnnas
Cort T barrel PP

Hydrogoontion-sxtroction - He from coke-gyven gas
Cost of coal caraws
Freight on coal ,......
ane—avan BRE L ueivnns
Other direst vosts
Imdirect cozts
Fized ao8ts . iiervansnrennnn.
Totel coBke
Credita C s raTaT R R A R RREEEEe TR AT e b
Fet cost pluA contingency ..., vera
Cost per BAar®el e iceseissianatinrenanrtrnanntnsns

=% b A FFFEF+ I FFR L EEFd R Frd bomoados

FPEF s st d r s rm s me s E e o

L L B L B
P mow o m o A RN E AR ER N AR Lo gk
----- TR R R PR
A R T RN

LI SRR R RO R B B R I I I I B R B

sk awndra TN
gk s P AR FFEAI NP
BN R A TR T R FAE AR NN AN AN kR
bk ook o d oy r T AR AN A AN WA A F R R R kAN F A
L N I R RS R N I LR I B R BN B AR B B
L RN NN YR

TR

R R T FF D FF DR A FEE A RE Ak oA ok

IR S EEENELNEFENENNSERERE]

AT ad bl glggdriamsassararrnn I rFrnda

A FA 1 Ed pd I pgpdpd gy FrFsINAarda Al AaNANAa

----- L N N N N R LR L

CRC I NI R B N B L I R I I S B N IR I

LR N TEOTAOE NN R PR PR FA L AAE RN

4= A Fd e s rmEm o
LR RN NI R I BN N B B BRI R Y
FEE R ER PPN AN TN RN A A AA A N
e d g rdn Fr P rT I TEANT IR NA RN AN AR A
TR

L NN NN LN}
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12,425
15,477
L, 720
13,526

23,5900
18477

Ly
13,526

32,379
13,477
k, 720
13,526

=7, 148

63,623

70,090

19,359
41,568
8,850
=0,4:8
5.0k

1%, b5
12,303
11,542
18,992
4,259
18,178

01,28
La, 514
8,8=0
33,43
5.5%

25,900
12,3C3
11,642
14,992

h,239
12,172

23,800

21,57

# A50

ag,hey
&.G-

22,3T%
12,304
11,840
18,502

4,259
12,172

78,195

85, 268

1 81,743

15,039
ha,131
h.E1

19,893
21,396

5,516
15,781

27,739
51,996
520

26, 52k
21,556
5,515
15,781

INTR-T.51
55,860
.08

33,159
21,556

5,516
15,781

62,7L6

B9, 37T

T, Q0

28,953

37,172

5,100

Lﬁ,ETE
L.=3

19,493
12,500
1h,650
L, 39T

5,059
1, kg

31,155

ha, ohh

g8, 100

S0, 1
5.01

26,524
12,555
14,650
21,397

o, 008
1, by

33,356

h&5,917

g, 20

55,017
5.5

33,13%
12, 504
14,652
2L 33T

D2 055
Liv, b

B0, 080

ol 600

10%,311

L&, 665
L, 300
h!jj

51,584
b7, 008
L ,71

55,063
50, 673
5-09

The cost of fuel oll from plarts of thie aize wauld romgs frac 33.07 to 34_16 pey
barrel at Llhe plant, wilh ceal ui $3.00. With “reight coste of $1.90 per +on for coal
ar $0.85 per barrel for cll added, the ccet witkout profit at the polnt of consumption
Wwould range from $4.35 to $5.04 per barrel.
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Dare has besn taker o include only complotely developedt or comperclally proved
prozesses in ordsr thet dats and nosts may be rezorked as ascurahsly as possibla.
45 a result, syrtketic fuel 0il doce not sacw up in 1ta most fevorrbhle position.
totheugn conplete data are not availabie on u oumber of important improvemesate which
are currently In *the exparimental and development stage, the effect of such Improve-
mevta cun be predisted within rsasonatle limitlz. Meoat of thess jmproverents will be
ready for czamnercial appilestlion Lefore n ommercinl-gize plant for thke productlcon
of fusl ofl Trom coal would he Fully dezigred and Sulltk.

Frperiznce ln ooe Gormpo plant and in the Imparial Chemlcal Industries Elant
a- BI.lingaaw, Frgland, has shown 8o ivoreazed plant throughput with 2 corrocponding
inerespe in 7ields by the addition of automatic ecomtrol, This study ingludes the
maals wf full irztrmentailon tut has rot talon advantuge of cost reductions fron
ipopoansd throughpat ard yFields reswiblog Mrom thelir use,

Aavings uo to 3% persent In the coat of “igh-prazsurs wesnele are poasible by
top lEa of Wraprped conslrucsicon {Wickelofena) dmstesd of corventional Torged vorsels.
Al least “Wo mametasturers in thls country ars iavestlguting L} marulazturing meth-
oz requlred to produss wrapped veszelsa In largaw quantitise than is poszlbls with
cxiztleg Jovraling cguipaent.

It hes hoor essimated thsl the investment and oparating costs of conl gasificu-
ion et etroopheriz prosours may be reduzed appreciably by gasificaticn a2t higher
presgure,  oresgurs gazificatlion i venantial to ecomamizal operetion of the gas-
syntiesia {FiEuher-Trapa:u} rrocese, 4t well az ogul hydrogenution. The Biresu of
Minos: and pevercl imdustrisl conmerns are atudying this derelovment intensively.

i grester recovery of oil conbalncd in tie hyprodusl residus dis cemsidercd pas-
pible trrouzh delayed cokimg., Huch an incresse would Iower the cosl required for 4
wiven wubpuet.

From rasnlts of parallel studies In which those Teatures were incerpoerated, it
war e conluded that a caving of at least 1 paroont in investment acd opeTating
costs ie possible in plents uslyg coke-oven gas nd the primary source ¢f hydrogen.
1o plants depending tpon coal gasifisatlion as the pripary seurve ol hydrogen, av-
ings oap ta 230 parcent ars nat considercd unllkely, If these proceos irproTenenta
were ircorporated In o lerger-gize plant {upproximately 33,000 harrels per day cop-
azivr) end a cheaper meanms of tronspertatlon were uwsed - pize 1ine or wotapr - heevy
fusl oil could be Aeliwverad with!n = radiws of 150 miZes a2 low as $4.10 per terrel.
This is Lmsel on $3.0C-per—ton coal und 1s the sciual cost without rrofis.

Mizpeller=oue Cogl-Aydrogersation Studiec

Beceuse large resesves of coal sultabls for coal hydrogenation are found in the
waztarn pasl of the Uniszed States where fresh water lz scarze, & comprehenzive
atudy wuwel nade of piciman weter regireme-ts “or 10,000-, 50,000-, ard 50,000-
harrsl-per-day soal-bydrogeration plantz, Uoing cooling towers, = rconventiomel
flRemM powar Poart, and Wroming bitumizous coal as the ruw wates1al, the totel fresh-
water reyulrement for a 30,000 -harrel-per-day coal-bydrogenation plent is L3,TI1C
gallong por minuly durizg the swamer months, By subotituting air cooling for sater
coolizg, wiere vessib e, the fresh make-up weler prequirements nay hoe radused’ta
&850 guljenz per mimuzs, a denvease of 35 percent., If soal-+1rel gas turbines
were sulicliliu—ed “or conventiomal power generstlan, the Twash water resuiremsnt &
pold be reduced by 5,40 gallong per mimule with no incresse in plart cost, The
applinmsion of stenw-jet water-vapor refrigeratZon for water cocling hes bean
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R. I. 4b96

gtudied end when corbined with air cwallng, water requiremsrts are reduced to an
abselute minimwm, However, economics woild preclude the full use of steam Jot
rgfriger&tiﬂn becanse of lneresaped capital caat.

Chemical process studies have besn directed toward Increasing the Llermnl ef-
ficlency and the npdl recovery in the coml-hydrogenatlon process. Hlgh-pressure hydro-
gen 1 & coptly rew materiel for the hydrogenetion process (see fig. 27}, and any im-
emants thet will increase the thermal efffclemcy of bydrogen production therehky
will improve the sccnemlecs of coal hydrogenation. Hydrogen can be produced most sco-
romically frem chesap natursl gas, duat in the abpence of any rwh source of ratural
gag it mast be produced frem cosl by gueilicatica and Ty the thermal.cracking with
steam of the light bydrocarbon geses produced in the process. Tnder preseat-day
gnowledge of gasification and hydrocarbon steam-cracking technelogy, both processes
are -arrizd out At eassrblally atrnospherls preasura. grudies to date, howsver,
jndisate traw there are meny advantages In carrylig thege hydrogen-meamdecturing
processes o at nigher pressures, sAy 20 to 10 atmospheres. The advantagss are:

{1) Greater shroughpubs per volume of Zurnacc, {2} decreass In power concunption
through gaving in compression, and {1) decramsed canital investment turough asving
in compressors and increagad heat-tranafer rates. There i1s, bowever, no established
presours-guslfication process for coel st present. Work i1s in progress to deslgn a
Prasaure-gﬁsificatinn unlt For powdered fuel ut Louwislana, Mo.

In the hydrogenation step & heavy, viscous black oil 1a profuced, conteining
gplide of unreacted coal, ash, end catalysb. The maximum recovery of this o1l will
pesult in & dry residue conteining little or me oil, thus decrsaging the smounl of
coal, bydrogon, and energy required to produce a wnit of liguid fuel. This eonsti-
tubed an important process and economic prablem in coal hydrogenation. In Gormany
this material was flltered; and ti1e residus was coked in kilns, but processing ir
this mamper wag eumbersoms and highly ine®figlent. Cuwrrently twe different proc-
pEsgs are being develcped that arc ocuperior to the CGerman mathod. One of these is
the Tlash-diatillaticn process, wherein the oll is weporlzel and flashed of I from
the so0lid particles with superheated stesm. The residue of 2olids contalring =
omall amount of oll is ther brigustted and burned s fuel, This process 1s incor-
porated into the Coal-Hydrogeomtiior Demonstration Flant et [oulgisna, Mao. The
gecond method of handling the heavy sclids contalning o1l iz by the delayed coking
procees, which currently 19 being used in the conzinucus coklng of petroleum -
Bldues., It 1g Telt thut its applicatiom to the proceseing of this heavy odl from
zoa) hydrogensticn wiil be especially bensficial, for maximm oll racovery is there-
by sttalneble. A "fluid-bed" technigue similsr to the fluld catalytic cracking pro-
cedurs may be used in the delayed coxing precess for maximon hest transfer. Pro-
duets from the procesd sre recleimed heavy fuel oil ani solld coke or produser gac.

it the requcat of Buresa of Mines, the Corps of Engineers is conmduciing o
survey of the Unlted Stwles [or the most sdvantagsoul roglonal zites for syothetic-
fuel plants, Az a prervagulsite, the Furean of Mines emmerated the basic reguire-
ments necessary for the foliowing types of plents: Coal Fydrogenation, Fisther-
Propech usirg coal, and Fischer-lropach using natural gee. DBased on our estlmefe
ter 8 30,000-harrel-per-dey coal-hydragenation plant wod other avallable data, tas
informet’on assenbled and reporkted to the Corps of Enginesrs presented the basic
requirements for swuch lbeme as cwat of constroction, optimm aire, coal and natural
gus, water, and steel toumage. Fevlslonz in these requirements have baon mede
singe that time, based on caleubations representing our latest knowledmge ar ey~
tretiz-fusel teghmology,. The following tahles are resulis of our latest zalsulaticns:
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{1} Optimum size of plants: Barrels per day
D06l Ayirog¥uAsion ..s-iservesessiiarainranaan, fanares 30-50,000
FiSChEr—TrﬂPBCh using COBRL L anamasarwd e ha bAoA l.D"EC'JDUC'
Fischar-Tropach ueing natursal EBH ..isessrraram-aqsraanss 10,000

(2) Coss of songiructdon:

Fischer-Tropach Flscher-Tropsch
Coal hydrogenstion veing natural gms using enal
Bbl. /day . Exl, /sy Btl. /ey
5000 - 000 | § 36,000,000 5,000 -
10,000 | § 89,000,000 16,000 &0, 100,000 10,000 | 75,000,000
30,000 2hly , 000, 000 30, 000 180,000,000 30,000 295,000,000
50,000 W0, 0040, 000 50, 000 - 0,000 375,000,003

{1) Conl and natural-ges requirements

Barrels por dey 500G [ 10,000 | 30,000 S0, 000

Coal hydrogenation, tons/duay
Eituminous coal, 11,909 B.t.i./1b, ... £,96€ 3,933 11,800 19,655
gubbltiminous ceel, 9,500 B.t.uw./1b ... 2,535 5,170 15,500 25,850
Lignite, 7,500 B.b.u./lb. cossenrenna-s] 3,300 &,700 20, 100 33,500

Figoher-Tropech usirg coal, tonsfdafy

ArbhTacile coal, 14,000 3.t.uU./ 1B, .. 1,928 3,857 11,570 19,280
Biturinous coal, 11,590 3.t.u./lb. ...]2,380 L, 780 1,280 23,800
subbituminous coal, 9,500 B.t.u./1b. o 3,141 6,283 18,850 31,410
Lignite, 7,500 B.t-u./1b. ...o... N I 8,130 2L,Llon by, 650

Fischer-Tropach using neturel ges, in
gtancard cu, ft./day
Netural gua, 1,000 E.b.w./std,ou.£t.|50 x 106| 100 x 11}? 300 * |105 500 z 105

—
-

(4) Water requirements,

30,000 Bbl./dey plant wish 337 F, ris4

Maka-up water, Circulating water,
Sroees Fuel _gal,/min, gal. fmin,
HvArcgenation Eiturlnous coa. 15,710 50 x 103
sty itiuminoas coal 14,825 274 x 103
Lignite 14,800 27% x 105

—
Fiocrar-Tropich | Anthracite 17,125 132.6 x 140
Bitunlnous coal . 18,175 117 = 103
subbiturinous cosl 13,465 125.6 = 103
Lignite 19,785 127.6 x 10%
Ficcher-Tropech | Netural gue 13,251 6.3 x 109

-

(5] Btes. tonnags requirad

L1,/ dey gplant size 5,000 10,000 | 30,000 50,000
Conl NPOTOMEDAL10L «.ursrrsnrarsrnnrnss 139,000 62,000 | 170,000 | 273,000
Flacher-Tropeci, usirg cofl .....-a.ee. 38,000 65,000 | 195,000 | 312,000
Fiecher-Tropscs, uging natural Z8E »... 30,000 58 175,000 00, GO0
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