!
about ore-zglf.8l/ If the zarbon dicxide 1z o be reaoved herfore the Fissier-Tropssh
syathesla, it should be removed helore itz carton adsorptien step, which woul? meks
the zarborm orocess oven pors attractive,

By Tirsi -ewovineg selectively the hulk o Lie IFirogen sulfids Trom raw svotheosis
288, tien removing the resiiusl hydrsmen =ulfids with 1rcn exlde, snd finmliy removing
all organle sulfur compounds withk soiivated carbon, it is poselble to reducs ko api-
frr comtett of synthesis ges te less than 0.1 graia rer 100 =.c,f, During zowt of ihe
rilot plent runs, the sulfur coctert of tre purified aynihesis ges wes less thun 0,08
graia oer 00 s.c.f.

STHUHETIC LIGUID FUESS BY A% SYNTHESTE: SESKARCA AND DEVEEOEMENT

Bocreniss of the Synthesia

A gezerslired relationsiiiz wes degf}cpeﬂ bevween reaction rates und the “herme-
Tymenles of a syeten rear equiiibrinum, Bjuations were derived by which tis mesai-
tude of The forward {or backward) resction wate et eyullibrim may be determined from
the net reaclicn rake zloge o erillibrivm. Thesze equuticns Tay be vsed 1o tre study
of cavalytic procezsss, such ps the water-gme shift reaction, importar: 2z the #isctor-
Tropsca symthesie, and iz the study of homogereous ges vesciiena, such az traze which
acelr Iz rocksl tiozzlez.

For ar undersiendivg of the Tecranisy o® ke Flscher-Tropsch zyathesis and =or
80 estizave of the relstivs sngicss of tre Produsts, the product distribution pust be
Epown or prediststls, The zroducts of <he sFitheals wre nol in thernodymamic egui-
Zibrlum witi respeol to the tFies of melesules, sbructures of the tErbon clalos, and
FoEsibly curbon mumher ifatribution. Aenes the sature of tie profuocts is st leess
marily deterreined oy tke react’on mecheziom, Sigpls ryles Tor sterwize carbon addi-
flon pradict seidsfactorily ibe exrerimentelly detcrmined hydrocerion iscrer end
2arbon manber ciatributinms Iu products obiaired wit: cokalt enod iron catalyﬁts.ﬁlf
dccording o this mechanism, gfdition sen ooous anly =% end or wenultimate csrban
stors of the longest carbon chain and is pot Posdible on & peornitimate carbon slresdy
ettached to tiree zarbon wiozs,

studies of Catalvats

Metsllic Carbidaey

. & rerdies of {zothermal deesopasiiilons of afckel rarbide was rede 7 tRe sty
of carbon deposibion on catalysts 35/ Semples of pure rickel were carbturlzed with
tarbom remoxide to form nlckel varbide, 140, This was hested at conatant temporg-
ture, ar? the course of tre decompositien ¥az [ollgwed by messuring the incrosse i
Terromegretizw. ar frdustion Pericd preceded the decompnsitier as a*gwn ino Hgare 1%,

L/ dendas, A, B, Wainwrighst, B, W,, ars Tgiewoz, S, (., Orgenic Exlfur ia Ayoshes’s
GFao: dcourrence, Detcrminﬂtian, anid B=igvsl: Bureen of Mirves Repz. af Inves-~

- tigations Léso, lasa, 51 rages; Froc. Am, Cueg Aszoe., 1950, pn. S64-602,

22/ Manes, M,, Hufer, ©,J.E,, and Weller, 2., Maseical Thermodymsmice and Reastlon
Bates Closs *o Equillbrivm: our. Ceemp. Fays., vol, 13, Goicber 1993,

; pp. 135%-1361.

23 Anderean, R, 0., fricdel, R. A,, azd Stooch, H. E,, Flacher-Tropeci Reaction
Mechsrism Inwelving Stemwlse Growth of Carbem Chafn:  Jour, Chem, Fhyz .,

. Yol. 18, Mapck 1551, mp. 213-300,

A Hofer, 1 5B Foim, E. M., and Pasbles, W, 2., Isotherrsl Decomposition of

= Hickel Cerbige: Jour, Phys, Co-loic Chen., woi. 5%, Wovesher 1520,

Tp. 1161-1159,
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There was o detecteble crange In The structuve of the carblds during the
period, that is, it 3etorposed into metzliic mickel and carhor. wittoub whe Tormats ag
of an irterwedists carbids, For the beriod o the decomposition indicated by the

iinesr portiom of the ocurve - Figurs 29, the rezchbion wez of gerc ordar, ShD?t&nnE
he Induction porisd by Lemzorary overheatine d:d xot srfeod, ihe Eero-ordar rate o
tie dzcorposition, except whon Lre normel icdactios meriod wes commliolely EiPDTess,

when thoe zerp-owisr rets wes Avtrozimetely dodbled, i

inductiuu

Irca 1s more fmporien:t as g cetulyst for the symchesis of liguid fuels tkan
cozelt or nickel because of lowor cast sos 2ddel Tlexibiity of tin ayntheses
iran cexdides are alicst alwuars formei v the ayithagie,
frow opz serhids to the otrer i the resccinog

: o Tae
The modz of Lrensition

enl —— EFH?C + c
P T A LLar 3
hEgz carkilie cersntiia Free carbon

L |

” .
wes 5oidled on Wagg csrhilde, prepares Prom s Fravizitaiad irgu catalyst, Tty BuTCesgly
Yeat treetmenia at 5252 O, To- imcrcasing we-icis of time 27 ATter each trastmer

- - L B i ] BTG the
gaTpln Waz cooled rapldly +a 3002 O, to dupzriss furtlesr reaction, iher cooled Tery
slawiy In the rengs of The mecnstis transforzations winlle magnodlic LINEEITEMRICE Wepp
Tads at Proquent intervalz. The reachicn was Toung 40 be s discortiruzus trocipicg.

.y . - . - . - '.'
tilor.. Hage curbice apd cepsntiis 2vidzarly huaTe narrcow ranges o7 composTiZen end dg
Zot TorT intermediste nclustsblc 821id soiutipms. Toe rezzxtlon

T o : 1
0o Feal + e ~—= Fe,l

zarhids Zerentite

Produces somensite [ tetter yields then praviously known mehnoda of properation, and.if
tos cementite s purc, mnsitiered, end suftabls For wse in the Flzeher-Tropsczk =yo-
thesis 28/ Tnis resction requires subazentZally lower terpsrotures Shen any ohaer
kngwn serizz o reactions redusing compertite ar? s relswive’y =imple o cerry out, el
Wien & rizbure of Higz sartide and izon wes hested in vecoum to wbout 4%50% 0. apd held
8% that temperature, the Teazbiorn want eloost ta somzleticn in 1.5 bours.

-

Anuiysls of Iran Cuba-yats

which the use of therzomegnet:s Tessurstiente, wads with the mugretic Falenzo, i1 ooan-cd
nectlor withn Z-ray d2#*ractisco and chetical ana_yaes gave dats from which tie relatin
smou1es off the ferromegietic pheees could te ealzulated, Atoub 30 percsst of the
c2talrst could not be scoounbed magnaticelly, This Thion of unimosm composition
meEy rofatt from mes—otic unszturetion, azd some may he Tixely 22v{ded or in sn other-

wozn magmeticslly hurd stete. This lattor Is¥ pley a part in the syntreszisz,

. - N \ . . . _ rF N
A& convenioot metho? Tor the BrElr#iz of ussd 1ron catelssssz was dE?E;cpEﬂEL; in i

Tra reiative smounte of iron e-d %@s CoEpoUnds wore determined o5 a fupnetiom of
catelyst life by the magnetiz methos G5 The catelvds wes Ferlodicslly removed erd

22/ Cobm, B. M., avd dofer, J. J, E., Mole of Transitlon from Esgg Iron Cornide to
Cersxtito:  Jour. Aw, Chem, Soc., 7ol. Y2, Gobober 1550, #p. 4REE-ha6L,

%4/ Oohz, E. M,, end Hafcr, L, J. E., Prezeration of lro- Carbides: U, 5, Patent
2,535,042, Decomber 1950,

97/ Hofer, L, 4, E. sud Couz, E. M., Tiermomagnetic Determinstion of gz Curpide 10
Uzef Iron Fischer-Tropsch Catelystz: Aral. Czom., wol. 28, Jaiy 1390,

, Fp. 507-910, _

95/ Andersarn, R. B., Hofer, L, .. Z., Tohz, E. M., and Seligren, B., Studics in 4he

Fiscker-Tropash Syothesis, TX. fhane Chenges of Iros Calulysis I- the

Syathesis: Jour, 4m, Chsm, Eoa., wal. T3, Marct 1231, mo. sbb-oks,
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¥ pampied, care Delng teker to avold ite exzosure to tre slmssprere. The origingl —e-

5 quocd catalyst conteined o=ly wetelldc and "nommesmetic” iron. A zhown Ic figwee 20,
Fthe wmount of the lstter remeined esecntially ccnstant at sbout 30 gercent Ehroughﬂut

the symthesls, Woile the arcurt of metalllc irem decremsed comsinuously, Hegs carbids
| forratior reacked a weximm iz abeut 8 days, after whickh 1t wes oxidized 2t a consid-

arobly slower rTute than iren.

“Witrided Iroan Ceialysts

Treating iren with ammonia ta convert it s iron aitride rezulsed in catelFsils
of enhsnced ackivity azd longer 1life thet produced large amounts of CcEFsenasad
yroducts 53/ Depending on tze smonia trestment, various iron nitrides sre formed.
Taese ars Interstitial compowsds simller to, sad in Scne CASSE igomorpbaus with,

the carhides of iron,

: Hitrided fuossd catalyess opereted st a consiierdbly 1ower temporaturs than ths
2y same reduced catalysts, Im a 1ifs test ore =itrided cztalyest operated for 180 dawe
#iat 7.8 atmospheres; at the ond of that tixe tre tomperature of operatiom waz below
“thet of 3 reduced catalyst, =zd the cstelyst wes atill in good comditisy,  ‘Peats
t1 initlally reduced cetelyots wers usually erzded oo mace shorter periods because
“of oridatiom or plugsine of the cutalyst bed by carbon or wax dspoeils. The opere-
ipn of nitrided cute.ysss at 2l.% stmospheres presiure was arpracterized by near:
rmstont terperature aof oporation, bt tks izcrasse in sotivity over thai of the
educed netalyet Was not =8 marked aa Tor the aperation et 7.5 wtmospheres. Orester
1e1ds of geseous hyirocerbons ani oxysensted compouncs, freluding Fipoiols, WeId
hisimed With mitrided cetelyste than with reduced cetalyets. The difference iz
Egelectivity T2t be relusted to s specific chenge of the catalyst gurfumce. The tez-
“3ency of nitrided cutalyeie 4o resist oxidailer and frec carbon doposition mey coz-
rbute to the longer life of thess oswalyets.

: Az part of “he research on the cheneges thst ogowr in iron cefalysts during pro-
‘treatment or Aurdng syot-esis, the chsages in surece sreat end pore voluwss of &
Tpreclpiteied and of a fuzeq irom ~atslyst heve bazen investiwmied.i/ The two cata-

i lyate differed wilidely in trelr origivel fore, the precipitsted catalyst, beling 4
erTic oxide gel, had a high surfece ares befors reducticon, while the 1=reduced
used-ircn oxide cstelyast hed a sreil surface srea, After redusticn 1t hydrogen,
he two catulyzts hed zimilsr surface aress (f-1D I.Efgm.}'and pore Tolumes [ .O9-
16 co, g, ).

5 Wien the precipitoted csbselyst was sintered ia nltrczen ul incrsasinmg TompeTrs-
Hares up to 5507 C., the pore volure reached a zaxjmr of C.131 cc.fam. et 306° I,
Y 804 tren decreased, whils the surfece ares decressed progreesively. Tme averaze

: e dismeter incresscd with imereasicg sintering tepporateres.  Feductios of the
Efﬁﬂed catalyst reswlted in o incresse i3 surfacc &Tes becunse of the remaval of
o OTFgen, eltnough the externs® ¥ollme 4id not chatee. T to 90 percent reductlon,
#:the pore volume and surface area inezeesed linearly with externt of rsductlor,

] iziersi=, ®. B., ftultz, I, F., bellgmen, B., sell, 7. K., eed Storeh, H. H., al
Atudles of the Fissher-Fropsch Syothesiz. WIT, Nitrides of Irogs =se Catalystas
Joor. Am. Chem. dos,, val. T8, Augast 1950, Zp. 3E0E-3508,

L. Fall, W. €., Tern, ¥. I., and Andorsen, R. B, Z-ud’es of tke Flscheor-Frozsch

) Srothesls. VIII, 3urface Ar=a &nd Pore Tolums Studiess of Tron Datalgysta:
Jour, Am. Chem. Sos., vol, 72, Docember 1933, zp. SLIo-5th3,
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Whrin 1he redustion terpersturs wse incresssd to £50° C,, tie smrTace arce wogm re&
to sabout ope-sixth of tze ares of bre suzrs catalyes reduccd at 4500 C., =nd the ave
age pore dlamcter Imsressed eigntfold, At 5909 0. the promosers s5ill rotardeq b
vouid ot prevent sintering af The rew y developed awrface, az they hed =t lower i
feraturen.  The redused fused catalysts hed Tigher surfses ereda: than reduced pype-
zagnetiie, For preparations of thiz type, varisiicr of the reduslion tsmveratyrg
affuris & net@ol or producing cataiysts with predetermined pore diemetors, o
effest may he of conslfsrable practical lmcortence, a2 Lrhe setivibs of tXe cast
is relates o the pore dtaweter,

Filot-Plant Develormenls

CI11-Tireuletion Frozeszes

Suresu o Minss develozmezis in Lhe ofi-circwlation Fiashes-Tropsch procese
hsye heen 2o lwprove exislioe procssses oy elimineiing ths features taas cumuss cat
1yst disintegration and cementZng 2/ The roving catelyot bod, Seveloped to elimingis
the cementing problen in tized-cetalyst bods, opersisd Tor severzl nonths witheoot -ag
inerzase iz pressurs drop across ths bed and witrous ceosnbizg of sre cataiysl, Tha
avparatuz and onirsla are skowa In Tigure fl. Dscrssse in catelysts eotivicy apd
serry-over of catalyst Into She oll-sircwietfon lines were negtigible,  Other adwan
Tager of the moving bed over the fired-bed wrozsss wers foand Lo be: Oreater satg o
iyst activiLy per unit mass dus o the use of tiner partizies [(fhit iz, dus zo LUrgér
geometric surfsce area per welghl o catalyst); lowor cperaiing zeTpersturss; acd -
easier crarging and wittdrewal of catalysb. A 9L percent over-pl syothesis-zas
copTersios iz ghupinaban, wsing 1,3:1 Eydeogen o sacton masoxlde synshosls zas, by
operating o two-gtage procezs wlth 70 percent conversion 11 ewch stage and vt g
reoyele ratio of tell wes to freszh aynthesis ges of 1:l, A repdd doeling in cahelyst
accivisy oswurred wnen 20 percent carbor diszide waz pddod Lo thes fess gas o simulate.
cperzkion of a second shtago wikhout removal of carkbon dioxide, Ho attengh wes mede tgh
deterrine tha muximun csvalyst Li0e, bul it was noted that che bedic: of cetalyst sH31T
bogressed conelderable aaotlviiy after ebous 2,700 hours of symthesis. *

Az corpared with lixed-ted rins, toc moviog-bed expe-iments Fioldal sxsilar
soguncs ol Swivous cydracerbens gad oxyesnsced urodachs. The cas recycls retio
Tvolume of tall ges Lo r'resh Easj was varled to study the ef“eov on the eegs ratio
tvalwoar of hydrogen rescted por voluts @f caThor ponoxide) of syactheosis ges snd oo
the produciieon of hydrocarbon gaz. As thes resyole retin incrzessd, the gaz production
decrazsed, snd the hydrogen Lo carbon moroxide —sage ratic rozo. Toth of tress creads
are doalrshle for efficient sonversion of syushesis g=s. '

Foed gus Wiln & hyirogen to carben moroxids resbic of 1:1 can be ugsad.  This 13
mors ecotorically produsszd from coal trun nypdroger-rich gui wnd may of fer the hest
Pazslhillity for wekisving more econaricel synthesis gas usage, £ the oost of purified
srothezls Zas, produssd from coal, *es Seen estimats’ Lo be

toe tobal cost of the syntnesis,

Slurry-l'tase Jperaslon

Ir tz= zluwrrF-phase metzod Tor bie Fischer-Treopsch syochesis, Tinely divids
catzlypal iz suspended in oil, apd the rosciicon gas is bubbZed tih-ouen the oll at o

A
2/ Crowsl:, J, H., Bensen, E, E,, Fizld, . E., 2rd S%arca, 3, H,, Tiaschor-Trgpach
1 Circulssion Proceszse: Ird. Fog, Chew,, voil. B2, Hovsober i934G,
Tp. 2375-233,
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. r&te mapld encugh to keep the eatelyst in suspensiom, Orienticg pllot-plant tests in
& - a circulating system, as dlegranatically shown In fignre 22, were mede with s SO@per-
g and pritessim-vroroted precipiteted fron catalyst.2/ D‘uring the cpereiion, which
lasted for 75 weeks, the pressure was varied Trom 100 to 250 pus.l.g., the space
velacity from 130 to 300, and tre temperaiure from 24220 to 2760 O, The gohivity
decilned st=adily durlng the test, reguiring Icereasss in temperature or pressure to
coxperdete for tha deactivatien. Catalyst settling was = sontributing meciunicnl
cause for decreased aciivity, ss was Found by the determinetien of the slurry dern-
eltiles et fifferent bed heights and time intervals., A =low, continuous increase in
the carbon conternt of tke catalyet was observed,

Toe producticn: of 1ight hydrocarbens increased wish temperuture, FPreesure had o
pegligible influence on the eztent of methore forration bul svgmented *+3s carbor
memox:ide corversion, espmcially belgw 200 Pe5.1.2.

Tr2 over-all conversipn of syuthesiz gas= was 55 Fercent, reaulting in average
rields o 12 gm, (gper cublc meter of inlet gas) of gaseous hydrocarbons (C1 + Ca),
S0 gm. of O; and higher bydrocarbons, and 12 gm, of weter. The AVerage wax covbert
{fraction t&iliug sbove kSoo 0.) of the slurry was more than 30 percent. OF the
reacted zarbon nonoxdde, 5 percent weas converted +o 01 + Tay i3 percent <o Cy and
hesvier, and L2 uercent to carcom diloxlde, Abhout 10 percent of the csrsom nEnozsde
waz uraccounted, partly becavse ng 2etalled snaiyaiz of oczygereted compounde weg made,

¥ized- snd Fluidized-Bel Studies

To obtzin eogincering duta on the Flow of cated through beds of cetalyste, pre-
Liminary investigation of the physical phencmens of slutrietion wag made,d/ uszing
nixtuves of zarticles of difforent dlumeters, the coarser ca-ticzes gerving as
© Tagplvent" snd tre fizes aa "splute." Within cercain ranges of comcentration of 7ined
o fRuidized mixtures of sand and of fused i-on cateiFet,

2,303 kt,

C:CDE

cWhere ¢ was the consentratlon of fimes ab bime T: oy waz the Initial concectration of
. Times, exd = was a gquesi-first-order speclifie reaztlor rate comstant, Thls elutryia-
- tlon —ate cometant was ratier Inosen=ditive to caanges In tre sozpasition opd Terge of
. Blzes of the "solvent,” but it {ncressec rapldly with Ircreasirg aversge diemeter and
: deoreasing dereiiy of the "solute.® Witnsn the range of comditicnz tested, 1t varied
" directly with the Teurth kower of the Linesr rate of gen flow,

dest frez—afer in packig Wizs was studlcd with egulprest havinrg high reatics of
- FATticie o tube dismetor 3 and the follcwing empirical correlstion was found:

Ru' = 0.125,

el 1

“¥here Nu' iz the wodified fuszelt munber, and Re is the modified Reyoolds puther.,
73; Schlesinger, M, D., Crawell,

J. E., Leva, M., and Storck, T, H,, Fizcher-Tropach
i Syntheaia In the Slurry Fhage: Icd, Ezg. Chem., vol, ﬂ3, June 1957, po. 147h-
' 1479,
= Leva, M,, Elutriatice: of Fires from Fluidized Gyestems: Uhem, Eug, Frogress,

_ vol, 47, Janusry 1951, pp. 3g-Ls.
i ﬁﬂ Leve, M., Pucksd Pube Beat Transfer: Iod. Eng. Chem,, vol, b2, Decemdor 155G,

. Dp. 2kag-zsol,
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WitZin caxperimental linmits, the tube dlameter hed Do =ffect upon Lhe heatqtzatﬂfeb
goefFicienta, which were surprisively high ns compered with thozs aredicteq by g
gorrele.dion bascd on smail ratisz of particlo size to tube disceter, Iraragat
the pavticie size sauscd a significant reduptiom In pressure drop, mud <he heat.
trucsfer to oressure-drop relationekin agreed with aveslsble datu, A F1elitetiye
eraluatior of whe wal- effect shiowed thet Fluid cianreling betweer catelyzt ted
and walli [and trus satalyst by-pasalpg) hasenme locreasingy severe og tre
rerifele Slmmelsr to tube disneter increzzed, Teerefore, tho uzs gf high
undesireble for coobact cetalysis whers contact between =olid ard ZAs 4rd
Utilization of the lastsr sre ofF prime impnrtance,

Iatln g
rating 4,
LR (el

fraductior of Aleshole

in the resctlar, whersiz an alcghol ie trested with aynthesis gas (carvan
monoxide end hyirogen] in ths presencze of s cobelt catelyst to produce g Primary -
glcohel containing one more csrtow atoms tha- the starti=ng material, the order af 4
reactivity s ufualy Leriiary > sesozdary » primsTy, Sowever, metarl alzghol 16 -
snomsloas 1o thet I reacts with sy-thesiz g28 rors Tapidly thar i secondary
aicohels 2/ The chicf produst of this rezgotion 1s ethyl alcohol, *rich oan pe ..
Lomzlogated further cnly with dlfficully, Fhis methcs of EAXINE etaanol 1s nat anly ;
o Leconizal Interest bub iz elfc of theoretleal 7elus, as the reactios cancas Tro-
cead vim an glefin [ntermedlats, Furthermore, the nroduct dlztributise froo tais
rzaction was elmilar to thet of the oxyperatsd Tractior of Figcher-Trapzch s¥athesig &
producis,

dighay aicohols can be ortalned from sIdehydes end YetonesT 8/ by the sage B
type of remction, The catalyeia appesrs to be bonogensous und to go by way of fobalt
hydrocarbonyl or dicobalt octacarbonyi, &5 it ia not affested adversely by =ul@pr -4
vonpounda, which inhibit Eydrogenation on & solid catelyst., In aysters cootainipg
conjugated douile bonds, bath kydregenation snd hydreformylation ozeur, The Tormer.
becomes the dem'nant reaslipr as 4re degree of dowble-hord charscter of ar olefipic,
linkage diministes because of sontageation., 'Miare musk be afequate concentratiom ef
carban nonoxride 1w tre reaciing mixture to form gobelt carbonyl. IT the tercial
présgure of carbon meroxids 1z below this thresheld Talue, the cobalt meial ray be
Doiapned foar eny catelssio activiiy or - in the shsence of carhon ratox’de - hetero-f_
Eenecus hydrogeration om metaliis achalt THF proceed, :

Uxygen Exckange Between Nitrates szd Wator

In a cooperative prolect wlik the Ezzlozives and Fhysicel Scierces Diviston, _
Baglon TIII, tke mese EpfUuroneter was used for the snslysis of the ocxygen exchenge
betwoen nitrotes erd water .20/ Wuter epviched with L8 exchengsd 1ts tagoed oxyasn
wlth a 40-percent solutiom of nitric scid ac 30% 0., but Aid net urdepgn sxckangze Epl
withi cellulozs nitrete N sulferic scid solution at 239 and 1000 C., 83 deztermined -7
by arulysis of the water. )

&7 Wender, 1., Friedel, R. A,, and Orcain, M., Ethenol from Methanzl: Foience,
vol, 113, February 1991, pp. 206-207.
I/ Wesnder, I., Levine, R,, ud drealn, M., Chemistry of the Oxa and Belsted
Benctlaons., Ir, Hydrogeration: Jouwr. am, Chem. ac., vol, T2, Ocicher
1953, pp. L3ys-kaTa,
ﬁf Wonder, I., Orchin, M., and Etarch, H, H., Mechanism o +he Oxo acd Eelmsted
Reastions. ITE, Evidence far Hemowereous BEydrcgenation: Jowe, pp, Ok
_ Sovc,, vol. T2, Oztober 1959, 1. LSLo. R
5/ Wender, Irving, Greenfield, Herold, and Orchis, Miizon, Chemistry of tae Cxo and }g”
Belated Reactfors, IV, PBeductloms in the Aromztic Series: Jour. Am, Chem.
Soe., vol. 73, Na, 6, Jure 1551, pp. 265&-2855,
ng Elein, E, sxd FriedeoZ, R, #., Dxyger Exchangs Betwoen Flurates mrd Water: Jmil.
Am, Chem. 3co., val. 72, Aucust 1950, pp. 3810-3511,
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SINFEETIC LIQUIT FUELS BY COAL HYLRASENATION: RESEARCH ARD DEVELOEMENT

Zaten Lutpclawe SBtudise

. §  Mechenlsm of Cosl Hydrogenatlon

] A stud}ilf In smull auteclaves of the hyircgenetior emd pyrolysis of enthrezylocn
from bitueingus coel bas been made g5 past of the progream to elucidste the wechanism
cf conl tydrogenstion, Tueble 14 shows the rroduct Ziztribution for Ewdrogenstiom swd
pyrolysis of anthrexzylon, whers the hydrosenstion was carried o im a hydrogen atmos-
cmhere exd the pyrelyels Iz a nitrogen stmosphore. In <he sbescee of catalyst, the
EQ&FEIEiOH of antnrazylon o sspkualt, ges3, and oll was very icw, The carhon dioxide
. Formetion wes zmuli, Fet groster thea In the precesnce of catalyst (1 percent 1in plus
0.5 Pbercent ammovium orlorife) . Eldximation of cxyger 28 water and =xtent of ligue-
faction were increamsed by the rresecte of 8 cesalysl. However, the amournt of 1igue-
heifactfon aloze does aot determine the degree of oxFeen elimiwmation. Apzerently,

- liguefucilon is alwayz soconsenied by the formetion of a large amount o weter, Tt
“the comverse 1s oot trus,

TABLE 14. - Produst disiributions Tor iyirogenation and
prralysis of anthraryion./

d¥irogenaticn
Molsture a=d aszh-free coal, porcent

OrEgEnic Trdro- Ho

Fun Temprraiure, berzene- rarbon Eh-
ag, Catalyst|insolubles{Aspnulb| GIZ Jzases [0Ds |dpS |Hz0 [soreed
TST5) = 55,75 2,57 | 2.98 [ 2,37 10.82{0.10[: .21 ©.0%
Loo 2/ 24,89 61,01 § 8,13 | 4,63 | .51] .10f3.B2 2.5k
150 - T, 1A 5.66 | 7.2 | B.23 (1.3 - |3.21] .66
450 2/ 13.56 4084 |28.00 12,092 | 20| L10|3.7E| 2.37

Pyrolzazis

Lag - CEIR T - z.28 1 2i12 Joo7elo.Inl1.500 -0 3
Lon 2/ 91,55 - 2851 2,16 | 2] . LS - .73
YR - Ba 53 - Lugbl3.12 |1.15] - f1.59)- .56
L= 2/ t o 66.53 - .73 ] 3.60 (1.3 - |2.08|- .53
:F_ﬁﬂﬁ gn. Eruccton antkraxzylon, 1 hr,, 1,200 Ib./in.2 Initfel hydrogen or nstrogen

__ pradeure,
32/ 1 percemt tin pins 0.5 percent swmmonim orlorifo,

The firsk stsp in the gver-all hydregenolysis of coal mey be a splitting roac-
lon repulting in resctive Traguepts. Theme Fragrents can either be stakilizcd by
dﬂiﬂg hydrogen £ [orw benrene-sglubls products or they can be polymerized, without
hFﬂPDgezation, w0 form bensene-insolule products, The reswlts of 2n uncutalyzed rm
eol to support thie hypothesls, az low hydrogen sonsumption, low productien of weter
_qPﬂ bydracerten gas, and hig- rrofustion of benzerne-ineclubles were cheerved, The
=3ME)] extent of liquefection ebtalzed with aothrexylon upder theze condfiions zay he
hm&rpretﬂd a5 resuledng Trom a slow rete of hydrogenation of fragrents compuared o
ir rate of polymerization., If the theary 15 sorrect, the prodestion of much of
j:i 0 ® water and of hydroesrbom ges Auwrdicg cosl IhFdrogenstion must be associated with

AT process other than the first atep in which reaciive Tragoents are formad.

::I-jﬁgiipetz, M. G., Weller, 5., sad Clarx, E, L,, Owirogenation and Pyrolizsis oF
dnthrewylon from Bituminous Coal: Fuel, vol. 29, September 3990, pp. 208-215.

il

- 55 -



The abovs nypothesis wes further suzstantlated hy etadring Lhe prrolisis of g
tndes tre ssme sonifticns aad in the same equizment as used for nydrogenstlor, g 1
wlth & rltrogen stmosphers insteed of hydrogen, A showa on teble 14, obly smell
sToursd of mas, water, ezd oil wowe formsd, sol wlrtually oo esSpaslt was produceg
The course of the pyrolysisz was essentlelly meffected by the predenac of 4 catalygy
axnd o =ffest of bempsraturs wes small. A prlinaty grlittivg appeari Lo take Pla.é
I% The same temperaturs ranes durlrg tryrolysis, these data jugport the sesriphtion t
st Tuch of the water end gss produstics resvtls from zscondsry reecticns. The o)
forter protably iz the resalt of the reastiarn of oxyugcn-coriainicg groune with EB5eg] ]
hydrag=n. -

Catalysts Tor Cowl Ewxdircoeastlion

Toe aztivity af & morber of cstelystc was zuch greeter whea they were Lmpregnytay
o the cosl “rom agasous solusion thsn wheo thoy were added us powders o powdeped ¢
caﬂl.Ef_i-’l Beri-Tilling of <os] end catalyst together was of irternediete e:"z"‘ectfp?._
ness. Tous, if the eatsiyst is svenly distributed throughout fae coal, the effloiemey’
of mamy oydrogenstios cetelyets o be zignificsatly luproved, scd cheazsr end more
readily svailshle cetelysts utdilized. The unizus position of =iz coxpounds s& byl
perction catelysts no Zooger exists, and tae explanation of their high activity in
povderad 2orm muzt he sougki io sn sz yob wekmowa mestanior, whish poralts good die-
tribukior of bin compounds, ressrdiess of tie form in which they ers edied,

ilot-Prans Comstrustlon: Vapor-Fiuse Iyirpssneticon Talt

To previde sguipment Tor the hyplregeratian of oils over e fized 2alalyst bed,.a
smell pimol suitshle “gr speration st 500% O, ard 10,93C p.s.l.5. bag been Zesigre -1—”
L Bimpritied flow dimgrem of tae undt iz shown in flgure 23, Speclal cooceoblons aed -3
malves wers desigmed for the weit., AL high-tressurc ecquipmens, excolt canpressor end
g, wan enclgsed in 2n open-topoed shall with coancrele wallis, The perioermarce of
the urit was tesied, using ar srczsbic oll {bolling Below 3257 2.) ac the rww naterial,
Thiz was cbtainsd by afstillatlion of a blsas of light olls origipaling Trom ocowl that =3
had tesn hydragersisd in the Liguid-pnase, Product arslysez and materisl halances 1n=o)
Alcated that e caislyst comsisting of smell, ewerraks of chromlue, zolybdeoun, and zinz
oxides deposilsd on Fuller's eertil astiveted wil: kydrogsr flusrids was sultenle for,
the Lydrogenetion, in the courss of which tze oxzgen sulfur, end nitroger sontenis )
were Tedtced, The gssoline protuncd, whick was aprroximetoly 50 pereent of the sta
ing material, reteined the origizal arcmstls zsrusture and pesssszed good antikoozk
characterissics. 'he Tesulis Indisatsd the zulzanility of the plens for uorforming
higr-vregsure cavalyoic reecticse. i

fezarulicn wrd Jdentificstins of Produvts of Cosl Hydrowenstian

X-Hexy Diflractlcn &na”_yzis

S8clid orystellice, arcmstiz hyirocarbons osn be fdertified by Z-ruy Atffracticn
wowdsr patterms, in which closely roloeied corpounds, evern jsamers, can be ﬂi:—tiﬂ&?ﬂ_ﬂ_‘
S/ Weller, ©. and Pelipetz, M. ©., Cosl Jjirceenssior Cataiyssz, Gbuaics of Czbalyd® g

Yiatribuiion: TIrd, Eag. Chem., wol. 43, Moy 2931, pp. 12-5-124%, o
! Woller, 5, =ad Delizetz, M. G., Catalyeis in Ligquid-Fhaze Czal-Aydrogensticn:

Pros, THird Warld Petw=ol. Ceng., The Hague, Fotherlards, ez, IV, subeza. I;

prezrizt T, June 3, 1997, & pp.

1/ Wolfsom, M. T.., Pulipetz, M. 3., Damick, A, ©., aod Jlavk, E, L., Yapov-Foede
HydvogeTatior of Lignt and Heavy Oilg: ird, Zng, Ohexr. vol. %3, February Lo
rp. 336-540,

'_!
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while lrprritiss sdequate to lower tle meliing noln: by 48 ek a5 139 0, do ngs
avrreciably modlf'y the putterns 157 A zample-progarstlon methad was dE?el:ped,lﬁf
ard tie patterms of 59 hydrocarboms wore cbtainsd, The method 22 acpliceble wo
zleroiamzles sand is nondestrpotive,

Szndles of Fhenols ir Zonl-Zyirceenation 0ils

e

A study of the tar azidz in coul-Sydrogenstion oladll fowle wit thalr noten-
tial camrerci=l fmportance, RMOCUTrENge, and feparelicn, The tzr-zcig traztior o
the n-fexanc-soluble zortion of the =iquid zrodust cdtueined by the hydregenation of
Fittaburgh-ted (Bruceion) conl was Iacliated by motharslic alzali extracilon of the
benzene zolition of bie oll, The 7iaid af ter =c’dz wag 0.4 peTzent by welzhl of
the —-hemano-selenlic oil, or 5,2 peroent of e lowal oil produced in the hydrszens -
ticn, The Yar acids were zubicrted g diztillation, snd 38 Fraciions were collectod,
Tas refrective index of es=cr traction ard tre forzitise of the bigter-koilicg frac-
tion? wore determirzed, Cereiul interpretatior of ire date on Phyelcal consianbs ruken
it pozsible to selcot those frectiomz that sre rict in sz fezireqd Fhenal oiown Sa
oo In the ofl. & study of +the distribimtien (parkisian) of verious Tremals hetween
“eyelozexz=ne snd & bfTered agueous thaze led not anly to tre tevoiopment of Tilies Al
forrilee relati-g pertibicn vccefoicient “o lorisngbion copstand, Dut sl=a To 3 mope
corrlote understanding of the fuciora governing the extracstebilily of cherals.  Thka
difrerences In tartition cosfficients of {sarevia pretols permiticd the applicaticn
. of the vourterzurrens dlstribulion metiod to their separaliion and deverminatic- or ,
purity. The rfversd speclra of Tany prenols of Xrowno consiitotiosn wers Geterninea 18/
‘and this {nformecic was arnlied Lo the suelitetive ard urent itative eztinution of tho
ecryasition o most of ths tev-scid fractigrz. Tra altraviolst sbzorglhion sioctra of
Jall the phensis Imowe to geour in Bre ol chtalnsd “ron the hydrogrngcion of conl were
cdeterniped, Tie more classical methods of creanic chemdstry, such as arystelliiz=tico,
prepara=ion of derivativez, azd legradalive studiss, also wore used. Cherdicel and
‘pbysleal invesilgstion of the various fractions resulted iz the identities
clnddvidunl prenciz
kewn in Zahle 15,

T

tion of 1%
2 85 ¥ell az fnecomelimive evidenss of the prezence oF 2 okzers, =s

-

PartiiZon Studie=

& satlsTaclory metnod tiat invalves a mesne of incrensing 1le concentrstlion Lol
arube 1 ons ol the solvonks wes develapedl?) tor meRLUring iarge or small certiticn
coeffizieniz to ¢biain menzurscla anyuets of soluse, Tre techndgue, interciange sx.
fraction, was subjected to precice metnematical aralysia. e dietributions of

» alnziine, oxd certuin of their meuiyl-sibetitvied derivetives were acudicd
#in imp*seible systeTa comyiosed of cyelonexanse or cillorcZ'oxm gad of wate» ar zitrete-
‘thoathatie tufPer.2?/ The dats <hus shtained will be weeful for the soperstion o
j:#%iﬁﬁmeric sevarocyelic cdscs by countercuTrent dlstribukion,

— rum -

13/ Forer, T, 7 ®., ==d Feezles, W, ., Xi-Fay Diffraciion Petberns of Solid
il Arczetic dydrocarbons: Anel. Crem,, val, 73, ¥ay 1351, po. 6C0-AGS,
15/ Eq

fer, L. 7. E., Zechies, W, Ses owzd Guest, P, 0., Freparisg Betruded Samplos

Arul, Chex, wal. 72, Scvtethor 950,

Tor Z-Ray DifTruction Anaiysis:
on, 18151215,

Wooliglk, 2, 0, woiurhic, €., Frigsdszl, R.
Ciaracterization of Tar Acids
Buil, 487, 1950, 35 po.

Frisiel, R. 4., Infrared Gpecirs of Frepgls:  Jour, An, Chem, doo.,
Ho. £, Juae 1%91, pp. =2401-288L

Yolumbhie, f, ard Welier, &,, Meazurcmant of TLarge Partitlon ScefTlicisnts by
Totercharges Exbtractlion: A-al. Chem,, vol, 22, Noveaber 1950, op, 1418-3k13,

Goluchisc, . and Crekdin, M., Perbzion Studies, 7, PartZtion Ucellicients smd
Tznizaticn Conetunsa =f Methyl-Subzlitites Prridines duirigli=es:  Joar, Am.
Chem, Boz,, wol. 72, Serterter 1302, o, Mlhs-kia g,

A, Urenin, Milton, snd Storzk, T H.,
from Usal-Tedrogenation 01ls:  Buresw of Mines

TOI . (3,
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DARIE i%, - Ter acids “omd in tre o1l Trow hedrogenstian af Erceton cogl
L A T

Hexars- I v
Ezlible Fourds | Poumgg

A ail, Totu_ T Ty of ST g
Sompound, persest i oli, Eotzl il | of 2os1lf
BT D i a A nm ey, P oLk VI 2.6 3.
L LA 4.0 3.1
e Nl [ £.0 by
o P25 2.8 2.,
P -ErTenol. ..ty eee e, et d e maaeas .23 2.6 2.0
e _ L 1.4 1l.m
T B4t T JED z.8 N
j.h—iyﬂeﬂol,ﬁ.....++......+............ 5 L3 G .5
s 1 - - - -
T [ Bl .03 .02 L 3
m-Etkrlviencl, .. .. N e n e bt etteeny i W23 5 LA 3.8
LR Tk e v] s ot . oy W =0 3
MesdtolZd oo e - - - -
Mottt Fl-Seethrlpberal v re e v i ran s .. vee BT A3 5.0 2.3
a1 e, V12 L3 2.0 1.6°
B T 17 7 1.L 1.1
D—?tenﬁlPtEZUlquq+..-..........+....... - - - -
D-Eaer i nhened A e i e e e . - / - - -
H e R KR i =780

Iral

{ TrF, ash-Tree cpel,

! - - . . - - - - " . =

¢/ Presenza indiceted Ly chemics: afbiods, Tul prezerve could mot he cor i rwed
Gpertrosacticelly.

Lefinitely grawn to be Tresenl, tut qusntity not sstigoted,

ke

Tne thenelic consziluysmiz of azzhsic goisined by coal aydrozessbios also were
sxaxined Ly the countercurrest-distribabigg method 5 As Zefinead here, aspralt is
ike hepzene-zolunle, n-heranc-i-zoluhie Feridsn of the ceel-hydrogenatizy prodoet,
Two grougs of chengls wers diztinzuished: Ooe graug, ex.racied by agquenus 1kali,
ecmpriced alzypl chenols ard prenyl Thenals; the orier Zroup; solable oply in medhucaol
Aalkeld  y=s srobatly a mizture oFf Dolycucloar phensls, The TaFEen eonmbent of ths
SETIET group esoimted to mpout cmewthird of ths fotel gzyzer ir <ha azzkalt, mest of
waleqh was prezent 2n hydraxyl gronips . Ooly snont 35 peroest of bie oxygen In the
honszbracted frastizn coutd be szg—ihed definitely to XZydroxyl ETDELE .,

Qreanle Syntheass

ram l':' . .
Tha syzthes’s o crearin conpommdzss 23 3 fhme cantimied o mErt of tic pregram
To sty tne structure of cosl end te Idemtidy the traducts of itz hydramonuticon.

Z1/ Fusack, R, and Goluricic, C., The Characterinst’on of the Phaemolic Frssiior of
Ceal-Eriramemetlon Asghali:  Jowr, Am, Thex, fze., wol, T3, Azril 1351,
, DB, 1567-15TL,
2=/ CGrehir, M., Regzel, L., ard Friedal, R, 4., The fromeious Resctiom aft 1-Tasrs-
Jene with o-Tolylmmgnesiun Bromlds: Jouwr, 4w, Chem, doo,, wvol, 73, April
_ 1931, pp. 1d49-1k5h,
3/ Qreoir, M., aod Brggel, L., Aromstic Crelodeiydrogenayion: X. Studies on Ring
Oxyeen Compounds, Dinspnike 1, =, 1", & furen: Jour. 4w, Lnem. 5oc.,
val. T3, dp=iZ 1951, pp, 187 7-1878.
zhf Sroiin, ¥ilton snd Reggel, leaile, 4 Syntreala of 3 luprantiene gy Uyslelylrogerd-:,
tlom:  Jour. Am, Chen, Zee., vol, T3, W, & Juse 1551, o, 2055, 2956, :
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Methode for the prepﬂrat;gq of two isgrsrs oF tezafloranthene wors developad In
snother eyrtiesiz study,Z5/

The distilleghion lsboratory at Pruceton ia used for sop
producta obtained by the synthetin lizwtd fuel procezas
slgned for flexibility sad versstiliiy of operatiom? because a large variety of
organic compounds muat he hansied, Theze ware schieve

d, in part, by etandardization
of basle equipment, Permltting Interchenge of Parts and mezimgm feryice,

ereting gnd ldentifying
5. The laboratory was de-

- The sffect of preesure and af the type of racking om tre efficiezcy o- peEcked
S, dletillstion colimre wes atuds

led by measyrd fracticrating nfficiencies, tErough-
o puts, and holdups =t varlous reflix ratez,27 Prescurag

§ from 20 4o 760 T™.-Hg, with

Berl zmddles, =single- gnd tripla-tura hellizes, gleas sykeres, and a comercis]l Fold-
grid column packibz, were wged. In genersl, efficlencion decresyed with decressing
- pressure below aboub 200 mz,-Ag, The Tized-Feli_grid racking was superior to a1l o
i the loose packlngs that were tested; of the latter, glass gpherse gave tie best pe-
tooaulta.,  Colmmns £11ied with Tnoge Fackings were mpzt efficient when orersted near

. mezimm througnput capacity; thelr highest feparating power sppsars to be near PO

mn, ~dg.

Terreaticn of Cazes Throusi Mezhranes

The cost of gas iz =n importurs fastor in
£

ibe productien of sFuthetic 1iguid
UxFgen 33 meoded for the gasiticaticon of zasl, and hydropen for use in the
‘eyuthesis gas mixture or for use in the hydrogenation of ez, |
; &prnmising methods for the vroduction ot trese gascd, at & nose woEpetitive with
sormersial methods, Is the enrichment o aFdrogen cr 0XyZen in gas miztures by
i%fractional or differentisl permest’on througk nonporonz membranss.,  Of 15 Lonporors
g 1lms tested in s lBhorstorF-ecale Bpparatuz, petyurs] mibkor wasz sutatanding 1y
showlng the highest permeebility loward the gases “ested. Itz selectivity =q bao-
 tween gapes, bhowever, wag not =s #reat uz thet of sevarel o “er TLlms, and 21 yao
‘Subject Lo pxidetlon, with consequert chunze 11 properties Ethyl ceilulase best
‘satisries the requireassiz of high perrestiliiy and Afgn Bolectivicy,
‘M1ity of tie memhranes for esch Zue tested |
Increased with Inzreselne tenpsrature,
the gctivation enarey Tor permeetion] 1 staut g =2Eme Tor CEFEen, hglium; ENd
'h:i'drcuf_ren, bt 1 arester for nitrezen, For the COrlCrment of Eas mixtures, s come
2 @ugmiae MuEs e msde hetwoen the uso oF olghsr tepceratyres to chain higher poerme-
w81ty and lower temp Li7ity. The ugse of & Frag-

persturas Lo 0fialn grestor seleg
cal ixportanceﬁﬁf?ﬂfﬁgf to ef'fect =ach

e of the nost

The permes-
niiroger, oxygen, nydroge=, helim)
e bemperatore dependerse {(apd thercore

tMons: permeation srocoss Tey he of prects 28
feparafionz am oxygen froo alr, heliim from emtupal €223, Epd bydrogen #rom orira-
Beneficy teii gus, Az the Termeable Filvs are pot zerfeotly selective, it 1z

EE?_ Orskdn, M., end Reggel, L., Syathesis of Bens £37 Floorant@ene azd Benw /27
e flugrarttens: Jour, Am. Crem, Soo,, vol, 73, vBtusTy 1551, pn, Lif-yho.
2%/ Feldnan, J., Fantazoplos, P., Pantazapioz, ., and Orchin, M, Deaim, Comatre-
tion, apd Operation of o DHstillation Latoratory for the Zyuthetlc Liguid
Fuels Frogram: Rureau of Mines Fegh, of Ivessigations 476k, 1951, L Tp.
Mries, M., ¥eldman, d., Wonder, I,, axd Jrahing M, Frectionating Eficiency of
Various Packinazz: Ind, Eng. focm,, vel, b3, Jme 1351, Tp. 1452-1456,
Weller, 3, a=d Steiner, W, 4., Engireering dspects of Separation of Zeges
Fragtional Permeation through Mezhrares:

Chew. Eng, Pres., wvol, La, Noresher
1950, pp. S85-590.
Woller, 2, and Steloer, W. A, Lepsaretion of ygsn from Sas Mixtures Cominini-g
the Bame: T, E. Petent 2,540,151, Feb, 4, 1551,
Weller, 3., Recovery of Light Elementa) Gades:

J. 3. Petent 2,540,152, Fen. &,
1551,
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