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RECELECH AND DEVELOPMENT, COAL-TG-0TL LADCRATIRTES AND PILOT PLANTS,
FRICETON ANT FITTEEURGH, fA.

Work cf the Cval-io-0il Leboratories and Pilot Ilante 8% Brueeton srd Fitus-
3 gk P dring the celendar year 1948 1s cutlined ma follaws:

i 1. Prucses development on direct hydrogeration of eecal and oz the syntheais of
: 1iquid fuels from the zaaifieacion products of ceal {hydrogen und carbon wonoxide) -

A tealecally new oprroach so the problem of eymtistic-liguid-fuel mroduction by
E. airect hyiroganation of coal 1a under Inveswiggtion. Thie dspartuwre [rom the conven-—
tional conl-hyirogenstion pracess ls heged on the dides of repld converalon of cofl to
Jigt1lleble oil, gma, snd coks st modsTete oressures And relatively high texpera-
. 4ros. The couversion of a8 much wus 506 pereant of the ccal t4 ceke 18 not disadvan-
Y sngooug, necauss sbout A2 much coal ie nzeded for fuel ag 1s liguefied in coml-hydro-
f genntion procaseas, The regulta of laboratory-ooele beats have best encouraging; tuh
the anginesring problems Bre Very difficult, and much pilet-plent developuwent work

mwpt he dons.

The internally ceoled {by il circuleticn through a ted of cetalyst granulas )
mocess for liguld fuels by eynthesis of carbom monoxidie snd hydrogon kes besen greatly
¢ improved dwring the pant jear, and relatively cheap, durable satalyets have besn

tomd Tor the prosssa. A second procces le in the oilot-plant atage of dsvelopmemt.
o this proecess, the Tirely powdered catalyul s suspended in & high-beoiling oil and
the eymtheais gas bubbled through the suvspension.

£, Iabaratory studiss on the vumposltion of symthetic liguid fuele and on the
fmpertant phyeical and chemical feetars involved in synibetle 1lquid fuel procees -

: Tndustrislly valuable bymrodumets of the dirsct hydrogenation of coal are phenolie

compormAde umed ‘n the mepufacture of plaetica, By Ieans of infrared spectroscoplo
enalyaie mnd &n ingenilcus coumbteroirret distributisn of the phemclile fraction be-
tween two immiscihle solvents, quantitative analyeis of the mixtura has ‘sEen ACaom=
7lished and procedures developsd Jor separation into pure compenenis.

The products of gro ayrthesie comzist chlefly of atralght-chain, normal hydro-
carbons, With 8 minor amount of breached Wydrocarbons. Infrored and meno-opsctrometar
techniques aided in determiming tae exact isomeric sompositicn of the branched hydro-
carbons, This informetion is of eritizal acientific fmportince in ascertaining tke
mouhanlsm of the synbheeis and elsc of indwgtrial significanes becsuse the octéne
numb=r of the mmecline fraction depends marXsdly upok “he facmerdo compod It Lion .

Por the direct hydromenation of coml, extsneive labcorotory tests in pmrll, high-
wessra veszels heve provided eritieal informaticn on the chenlstry of the primry
limefartion. Fer gos synthesis, rate memsresents in laboratory reactors, E-raf,
and megmet’e etudies cof catalyoto ave reewlted in clesrer wrderstanding of the nature

of the catalytlc processen involwed,

3, Toating of a vortex combarbtor for gisificatiom of powdered coal (this proj-
ect 1s Geing conducted in covweralism with the Combustion Rescarch Sectlen of the
Coal Braneh) -

The vortex corbuator ie a devlce dezigned for combustlon of powdered coal. I
8 mique in thai the heat evolvei per c¢lblc foot per howr is about 100 flmss that
of mnet cther eovbustion devices. A stwdy is being made of 1te applicaticn to
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" Frodact ddstribation san be controlled witkhln fairly wide 1imits by selecting catalyet '
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graification of esald Tor symthesis-gan produaction in mnufastzres of ilquid fucls Ly
the medifled Fischer-Tropsch or gaa-synthesls process. Durlrg Lhe ywear, the coul
teed =nf other Dfrts of the andt beve heen redesigped and rebudlt. The meauvlte thus
far arn encourimsing,. bubt more dsvelicpmomt work man e done to critlosllyr evaluate
the poesible applicotion of <hls devics for spmthesis-gas produocidong,

L, Beviewing, ebstracting, =nd translsting 4ll aweilatle *rlopeed fon on =yothe-
tio=-11g:id-frel procssces and madistairding complels filss end refereonce sorvie: om
forelis erolbsile-llguid=rul documents -

Critiewl ewalaatjion of all caztured Sermon decuwntes on the Flaschepr~Tropach
proecess 1 aboul T3 peresnt completeod. The results of <whls evaluai ioo and of a&ll
rooedrch Work done in the Thilec Stazes on thils prozess will be published in the
noar futire. Similer ewnluation of date o coal irossorticn And on coal gasziice.
tict bhove hocr hegun,

patheals of Liquid Tuels from Hyd-oger ard Carcon Monoxide
{Pilscher-Tropack anl Ralated Procazess)

Irocesa Development

Filot«Flant Zparaficna

oparatian of the interrally coalsd {by o1 ciresdation) procezs uoing & cope
Tletely Tlooded bed of gropuwsr Iron owitslyot heo hLoon found feagibls if the physizel
glructure of the catalyet g such ag to Aavoid ilsintegration by wypdreulics sesicn of
the cil, Fresipitaled and pelleted iron catalysta are not aulficlenily robust, bk
pintered or fuzed iron oxidse ars eatisfactory, Tsing a deubly promstod (with poues-
pium and pepgnesTom ozided ) syoihesde ssmmon i -type catalyat, geveril rms were wede
1= the pllet rlans (Piga. 26-28)1 ater rovine {t frow 1tz Ptiteborgh lccation tao
Pruczton, Pa. Thoee sperotioms voarled in dwrazion fron geveral wWeeke tro czvooml
maalhs and were planped Lo ascertadn the optlmm oporating conditzons,. Althozh not
yei compleiely deterrined, these concltions now are resacrally well kacwan, and che
predzrt omerntion wIl1l yield catalyst daoability as well s produst-quality ond prod-
uet =distribration data,

The internzlly reooled process, Aar —ow wigaallzed, w21l operate wilth largsls con-
Austive {by cil ¢irenlation) rathor thon evaporative cocling. Orereting temperalures
will te 1n tac rangc 230% to 3250 ¢, a2nd preaswmes 300 to 50 TowrmAds pEr BgLAETE kol

and ocroraling conditions. Control of Sl wnage retic of hdropen to carbon monczide
Ie Teueible TF rroper protreetment of The catniyst ard to a limitsl extenil by adjust-
ment of operating condlticns.

Cost estimetea on Fischeyr-Traopsch pracesses, swarting withk soel as the scupes of
sarbom, ahow thet & very lurps [ractiorn of the cost of produecticn of liguid fuela 18
the zoat of syntheals gas prodaction and purification. It fe evparens, therefore,
that, ror Industrisl papeses, such proceades nust wds the ayxlhesis e In 8 wery
cffizleas mannery <het 1z to say, only 8 mindnom of peseows hydracarboms eaculd he
Irodaced and the wasge ratio of hrdrogen to carbon monexide adjusted by selsctinn of
catalysi and opsrating condltlona ao thed il ls Idswhbicel wilh Lhes ra.iv in Lhe chefpr
ect gmthacle gen. Althouzh the internelly cooled, all-girculat’on mrocess is hetter
than the fluidized-iron-cetnlyst procesz, oo Far 8 corcerns Lew methars weodncticn
and auitsble weage rpotio of Wydroge: to corbon mopoxifs, it does producs mors methsn®
t*=n ths "oll-cetalyst zlurs" zrocess. In the ietter proseas, 4 powdsred catalyEt
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. Figure 26. - Pilat plants for internally conled (by oil circulation) nrocess for
. syrithesis of liquid fuels from hydrogen and carbon mang K idea.,
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synthesis of liguid fuels from hydrogen and carbon ronoxide.

Figure 27, - Pilot plants for intecrnally cooled {by oi)
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pled in an oil tkat Is nonvolatile wedsr cperating coeditlons, and Lhe syn=

b pocls GO ig bubhlsd up trrough thiz suspsnefon. Iaboratory and pilst-zlant stud-

b jos of Bhis Proceed were condusted during the pest year (oee fig. 29). 1In this

¥ process +hs fraction of carbon oozl comverted to pAsecus hyiroverbane ia wery

b T (omly atoun cne-tourth of that for cthar prrocases ), and the beiling ranges of

b e Liquid product ear be varied over wide 1 mits by sclecticn of cataly=t and oper-
f 4yipg conditions. The s1l-catalyet slrry prosess hee the adiditlocel advantBge of

e goible conl nnows remoal sf pArtly spent catalyst aand confiumous introdustion of

: rﬂscm-rated aor Presh catalwyst.

-- iﬂ Euspe

b gporatory Scale
[ Leboratory expariments on The internally cooled, ocil-circulatlon pro-esd Era
pelng comducted o determina +the mechericel atability of new satelyets wod Lle nac-
apaary type of fontrol of wax corcentrotion ir the recirculated oll, FProgrese ia
n of very cheap, Gurable, And zde-

b 1. ing mede toward sarly dolution of Lhe probles
qately active cutalyste for the Inbernally cooled Trocess, Becsuse of the relatively

| arpensive nd diTfloudtly reproducible natire of tha fused, aynthetic-ammonis-tyes

3 patalyst, warkl wee begum on the uss u” readily availehble Iron orea gnd Indus-
pinl byproduct iron cxidra for catalyet menufacture, Slarting with sithsr finely

i 3ivided magnetlte ore concewtrated by magnetic separdation or mlll ecals frem the stesl

L yndustry, aetive and durable patelysls were prepored, TEe prepaation cchaleted in

peking & thick paste of ~he finely powdsred iron oxide wilh an aqueous polution of

- the nitrutes of promoters anch &8s Bluminum, potessium, magneslunl, and calcium, ex-

. truding the peste Irto small rods ebout 3 /16— by 1/2-tneh, drying, sirtering &t so0°
o GoO° C., erushing te 8- to 10-moeh, and wadyping with hydrogen. Catelysta ao

E preparud were fownd to be much more astlys than the fugec eyathetie-wmmemle type.

E They wero, hoWever, not resistant erough to mechenical dlaintegration by the hpdrandic

" actionm of the circulating oil :m the fntermally coolsd roactor. Improved mechanice]l

¥ atability 1= being sought by the additicn of binders, such &3 cluy and gilice 2el.

g The coot of thess o2 lajyste will noo excaed rboak 5 cents per pound.

A Meamursments of the temparat.oe znd presewre coefflcients of the aynthesls heve
£ boen completed, Although the tenporaturs seefficiont ia mbout +he eame as for cobalt
eatalyeta, the masswrs costficlent 1z much highor. Prolonged Jaborateory durabliity
and activity teqls are In profpress to deterains the effect of different degresd of
redulion of dreow estalizesa and of imprmrities @uch aa carbton czifdes and waber vopor
fin the hydrogen gad used for redaction (aee fig. 20). The reanlts indleais that a

. high fepree of redugtion io easensial for the s ed iTen cxids cata_ysta snd that

the hyd=open uoed fo reduction maat be quite Zree of water vapor to obtain The moat
rapid rate of reductizn at & glven tomperaturs. The presence of 1 to 2 percent of
tarbon mrmoxide Bppears to be beneficial so [Br a4 sarly activity of the eatalye= la

coanccerned .

feduc—ian of fuged-irgn catalyais 1e 8 relatively sxpaneiTs step hecauss rela-
tively pure hpdrogen i8 requirsd oond the time and temperatire {about 430° C.} of ra-
Ayetion noeessltate o apectal dnstallation for thiz operation. FPresipilaiesd catalyota
8N e irducted 1no the eyoblesis by trestment with syntiesls ghs at synthesls tem-
peretipes (sbhout 7507 C.). The wmreducsd fused-1run catalyst hao only 8 T=rY pmall
swrfoce orea and 1iitle or no pors volime. Reduction Bt 450° ¢. provides a aystsd
of pores end “fgeres wed an increascd ourfmce arsa. The wreduced recipltated
f cttalyetn heve & relatively large ere= and pore volure snd do not need extensive Te-
. duosion bepere wse in the aynthasfs. The sintered catalywia prepared from irca ores
¥ ¢T mi1] srale resemble the fused catalyste so far B3 raduption 18 concsrmed. It mRy
_bﬂ posaisle, howevsr, bo develop & cutalyst preparcd from lrom orea that can be
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i=Auntsd In & menner similer to thes used for mrecipiteted catalyets. Laberotory
exporinentd are in Trogrecs towdrd chie okjective,

Tahoretory work on the cil-eatalyot clurry mrocees inoluded B large number of
tepte bLe determine the eftects of rete of gas flow end of mechanlcml agltation ovo the
Aiptritaticn of the catalwet powier. farlier erperimenta bad shown the necessity of
umiform distrivutisn of the eatalyot; even B pmall percentopge of settiing in any rart
ol the reacter reaults 1n w marksd decreass o activity and dursbility. Two contin-
uously cperable lakoratcry unite with provisions for mechanicesl szitatior hawe oeen
t:dls for catalyss teating purposea, Teo measurs Aemirately the effeci of the ared of
the gus —o L7guid inte-face, & atudy bas toon begun uzing o finely divided oprey or
fog of oil-vasalyst elarr inJected into the synshesis gas. In additicn to determ’n-
ing <ho importares of the gae te liguid interfeclel ares, these tests ehould ahow
whether n spray or fogging type of creration 1lc rrefernble to the bubblirg of eymtbe-
air gas up lhrougl a colum of oil-catalyst slurry.

Analssia of Tron Coatelgate

While, &z ind{ceted in leat year’s report, Little or no metal carblde is Tormed
whor the synthoeie ia conducted on cobalt eatalyata, Aard extensive precarbiding
grially rediaces the activity of these catelysts, the reverfs 1s ftruwe Jor lvon owie-
lyata, Precarbiding of iron gatalyats preparad oy Iracizdtetion from sodutions of
iron end prowcter-retal nitretas yislds very Active catalysts. Where no rrecarblding
is Gure, lron cetalysis form large amounte of iron cArbide during the Tivet few woske
ol oporatlon.

The ¥-Toy diffraction petterns of the thres forms of dron carbids were medswured
azcwrately, ‘hip informecion, corbined with measwemsnte of Lhe megoelic properides
{particularly the Curds polnts) of tho ssme cetalystie and owr earller sipdlar meas-
wrewartks on —he diren cxddes, has provided the sazentisl eglowents for anglysis of 120D
Fischer-Tropach cotalysto by rhycleal methede, Bueh analyelisz is belng applied to the §
atuly of chénges In the catalyst during 1ts weeful life (uaually sbout 1 yeur). ;

Surfaes Arces and Porosity of (ataly=to

Mezsurem:nts of surfacc arefa, pote volumes, and fctivatsd adserpiion of cRrbon
ronoxide sre being made on all catalyats tested (ses iz, 3i). BSome limited correls-
tisns bave heen essablishel betwsen swr-face mres and activity of cobalt catalyste.
For iron cetelyste 4hat ere fuzed or eintered, the desirakility of complete reductlon
with Lydrogen before use in the eymihenis s heat-expleiaed by the creation of B 2y~ j
tem of pores und flssures by The redusrtion,

Arnalysizs of Cepolines

The jsoweric compoaition of Fischer-Tropsch hpdrocerbons tolling in Lbe gesclim® §
rangs {up to 2007 C.} Ia being carefully meemged, u8ing the Infrared and mess spec- )
Lromters. Eecause the bulk of the fractlono comsdete of =crmal, streight-chain
rydrocaroons, apprecifbly bettsr resclutlom 1s cblalssd with the mies spectrommter.
Praducte fror cobald and irom cetalyets and from Sifferent lron—ataly=t processed
Bre being anelyszsd. The repulte <hue far shew thet, in the producte Zrom both cobalt 3
and iron catalyste, 10 io 15 pareent of alingly brenched igdrocerzone 1B prassnt. TH |
tranching wsually ls at the decond or third carben atom from the and 2t the chaln.
Ko Wrsnch largsr than & methyl greoup ant no miltiply-hranched weolecules dAwve Tean
found,
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F. I. b0

The clefinn in gaooline from cobalt cetalyets contndn 20 to 30 percent olefing
with the double hond between the Tlrst and second carbow atom of ths chaln and 70 fo
gp percent of olafins with the double tond betwesn the sstond and third and the third
and Pourth carbon Steme. MThe popdilon of the doubls Tond in oalefing in grecline from
tpen catalyvis 18 the Inverse of that from cobalt catalysis; TO to 82 percert of tke
{ren-natalyet olefine have the doub’e bond between the firet £nd secord cerben etom.

fhe aclentific sd prtwctlcal slgnificance of these Bpalytical deis merita som
pemment. The data shew tlat the octepe npumber of Fipchar-Trovech ghiolines dependa
{argsly upon the tynes and emcum of clafine mresent, ae the trypes 224 amownts of
rranched—chein satwnted kplrocorbons are swuch that they sdd very litile to ths
aotane TEREI=Z.

The impact of —he analryticnl deto s far-reaching so “ar ae the mechanlsm of the
pruthesis 13 concermed. The abpence of more Than traces of multiply tranched hrire-
perhong Bnd oft branches longer than a rethyl grourn camet he explained by 2 mechenism
ttat eaaumes the formatiom of long chaine by polymerisastion of methylene groupo, It
appears necvedeary to assme that, after methylene groups sre forwed by reducticm of
chami=crhed carkon moncride, aloohols are formed by reactieon of the methylensz groupa
with carbon moncxide ard hgvrogen. Subssquent ehypdraticm of the £lecchols 3ields
olefins that react further with carboa monoxide and hydrogen yielding alechelw of
higher molecul=r weight. At verious etages in this reacticn chein, clefins are
alther dseorked ag duch or hydropennted to form satipeted hyireocerbons. Thies mesha-
nley 18 in fceord with dato on the guantitative apalysic of the produacts azd with
data that show that slechols actuelly are the precursars of the olafine in the
gynthesis. r

erathesle of Idiguld Fuwele by Hwdrogeosatior of Coal

' Proseas Jevelopment

PFlimt-Flant Opermationa

The inatzlleticn of two zilet plante, one for the Mret o 1lquid-thase stage
and ome for cAatarymt tosting in the eecond or vepor-phase staps, has boer commlated.
Beme wewa of the liauid-phase plARat and one of the m@per-phise wnit Bre dkown in
Piguraz 32 to 36,

The liguid=-chase clant kas & capecity of sacut 19 gallos and tha mnor-nheas
mit of abowt 3 pallens of liguld product per day, Operation of both pleats will be
gtarted shortly and be concerned wilh teete on ruw muteriuls, catzlysts, and proce-
duros to be uwsed 1n the larger demonstratism plant Bt Leonvistana, Ma.

leboratory Sorle

The coat of compresaed hydrogen conetitutes about B0 percent of the total coet
0¥ liquid fuels preparcd by hrdrogenatisn of coal, Apother lerge freaction of the
total cost 1z ecapital chrges on the Inveptment And w@intenapce of the egquipment.
The program of process develommert 1e centered about possible reductione in those
tvo larpe cost Itema.

Previowly, industrial hydrogemation of ccal hes besr e’fected by the use of
¢ Slmost purs hydroger, Laboretory exzperimente at Brucetsn havs showm that it is possi-
Ibl'a t3 replece hydrogen by waler gas wdsr appropriste opsracing ccnditicns. An usbl-
mWte or tha decreasad coet to be expected from this discovery 1s seing mide by the
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