FRSEARCH AND TEVELOPMENT, (OAT-10-0IL TABCRATORIES AWD PILOT FLATTS R
ERTCETON AND PITTSBURGH, EA,

2 ,: e wierk of the Coal-to-01l latoratcriesz and P{lat Flants during the calsndsr

B yoar 194¢ hae been conosrned chiefly with the development of rew or imzroved pro-

i ¥ cBI2aE related Lo “he productisn of «1igatd fuels from coul, This wook nay bte A'vl-
F aed ipto twe Wroad cetegeries: (1) The ayrtheals of 1lguid fusls from <he gealfize-
4 tior moduets of coal - hyircgen and carbom wmozide - 37 the Flsghar-Tropsch and

i Lplated processed, and (2} the direct hydrogeraticn of woml by tie Bergius roceeas,

Synthesis af Tlguld Fueis from Hydrogen and Carton Mo-oxide

Frocess Davealopmeant

fle  vilot.Plent Operations

Cparatior of ths iaternally cooled (by o1l clrsulasior) rrocsea, whish nees a
completely flooded bhad of granular Ircn catalyot, wan continuod in pllot-plent
phudisa of catelyst lurablllty and prodnet dstrdbution, A dwPont synthetic-amonie-
P type catalyst {doubly promoted with potessiim and magneslm oxides) was oparaded “or

> whout 3 momtin in the Figc}_srﬂ'ropuch synthesla, at the end of which tims the cparat-
¥ ing temperature wes 2607 €, for 3 cerlou dloxlds-fres cuntractio: of 5§ percort,
I gperation wes discontinued becsuse of gzcwessively Ligh mreesuro drep ecrona <hs
W atelyat bed.  Tresiment of the cotalyst with hydrogen did not deoresce tho Irczanre
YR qrop through the bod, ner cowld the low temperature (255% C.) of the surly part of
T the symuhesis be cbtalined,

Twa pllot-plact unitsy wers uoed to atidy the effsct of catelyst grein efze and

syathea’a-gaa campoaition, Fussd-’ropn calalyst of 2- to Y-meeh Toglired an Opera-
2. ing temperature of 272% ¢. comparzd o 255 O, required whemn U- to A-mesh catalyat

™M yan aArd, The adiltlon of about 1O percent of carbon dZoxids %o the Frsak prakhoaio
¢ gas, the purpose of which was %o simulsils mn unscruthsd synthozls gas ureparad fram
P coal, showed that th s proportion of carkom diozide had ne effact other thar that of
: & diluent, Thes uwas of h}'ﬁ]"ﬂgﬁr‘t =1k E.:,.'T_'t.haﬂis gaa, hD"h’Q'-.-'EJ:“I, dzcreaged nob {:.n:l__: the

¥ Tormetlon of acid in the sonvertor tut ales ths rroduclicon of Lle heavler uvlls In
@ Iavor of lLlghter hydrocerbone.

Becavma of the Alficulides emeocuntersd by cementing of +%e catelyat gralas in
the intormally cooled comvertsr, it was declded to try a modiflcation of this deslan
k 1n vhich the catalyst 1z 11fte3 ky an inereased liqu’d veloclty and keoi suspended
Y. 1n & gtream of 1M4quid ard gms, Thin deo?gn hes been denignated zs s "moving-hod"
g cmverter., Tho reoult of preliminary work with thifs wndt has abowy that, a3 come-
% Jered Lo fixed~ted operation, the moving-led techn’que bas the follmw!ng sdvantagea:
{13 (renter space-time Flald, zared om catalyst bted or corcverter keight or or »oucds
< of produci per pound of cmtelyst; (2} elimlnetion of the cementing of catalyets and
g & large pressure drope; mnd {(3) trestmens of the catalyst with Lydrcgen continuously
- 10 8 gids gtream, should this ba desired. The gasgas 1ln the converter ayatem wara
Bhown e be ineressingly soluble 'n the cfroulating oil im the following order:
o oZen, carbon nonuxids, amd corbor dloxlds, 4 coimvelsion AtoUt £5 porcent a8
B freat vma obtalned by introduqing the ayothesis gas into ths free epace mt the fop
B the nonverter as was obtained by bubblire the gas wp birough tho converter Iin the
Cmventional method, This szperiment shows that UfCidion of the reactanls to the
'mm.‘fﬂ'ﬁ sfurface 1z rot the rais controllicg step 1o the wocess.

: Civrent pilot-plant opsrations ars belzg oriesnted o dotermire the condlt’oms
C minlmem production of gasecus hydrocarbooms and to study the feasipility of
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condicting the ayntheaio ir Swo stages wi thout removel of carbon ddezide Detwesto
stagsa.

Taboratory-Scales BExperimente

fatalyste, - The develcpment of cheap, dureble, und adsquately activo catalyats
for the interrzally coolsd, of l-sireulation IrcoceBs wWaa continusd, AlkAl1-Impregmated
glumsrules mace fyom iron cxlde powdar appear to merit furthar investigetion. Ths
wa' iron ozlde powder 1a compacted with a hlgh-frequeccy vitratmr, relled into rough
sphares, elntered at 1,200° G., end impremated with alkali, After reductlon ub
L50° CE:- for £0 heura, tao glumerules were operatad 1n the synthesls at = tempersturs
of 2357 0.

Magnetite powider camented with S percant of borex, heatsd to Boo® ¢, for 10
minutea, followst 3y reductlom at 4509 o, far 20 houro, was cpereted In the ajntha-
a1s A= om0@ 0, This type of cetelyst has hithertc been descrlbed as "gintered"
ingtesd of "semenmted", but in the tatemt 11terature the term "pintersd” ls usuelly
cpplied to ratelysts in wkilch the active component has been drazstleally radifled by
hort. In the present catalyat, the partleles of 1rm oxide aro cemsnted inte gron-
ulpe by the herax, and no drastiec change la comaldered ns taking placea.

Work hes contirued om duplismtiom of the Gerwar syaol catalyst I:Fs-.ﬂ-,lgc-j-l:a.m
E:0-2:100%, which wes found to be mmch more setive tren the tenal syothetic-afmenle-
typo catalyals, comparing favoerably wlth the et oreclpltated ertalysta. Previous
sttempts o dnplleate the symol catelyat have besn pryoressful, DRecently, howeWVer,
spfoymation wea found An septured German documents lndicating that the hest Germun
synol watelyst was mads by re-Taeing an apmonle-bros crtalyet with carboayl irom.
"na only atgnificant differencsa betwzen the preparatlen and composlilion of the
aynol casalyet and those of the uaual aynthet!c-ammomla-tyne catalyshs are Lhat:
() The syel cetalyat contalae cmlolum oxids In sdditdon +a the ususl promoters:
b} the syncl catalyst was remelted, ard carbonyl lrom wmao added to the nelt; end
‘o) the mynol catalyst was 1o the form of a firs powdsr, Compariacn of the aynol
cetalyst with eynthetlo-—spmonistype catalyata of varlous particle zlzes and zome.
talaing sz mick as 30 percent curboryl ircn has demonstratod that (1) =nd (] can
sxplain most of the enhaneed =zotivity of the aynol catalyat. Thue, the scbivity of
5 Fogod ecatalyet sppeaxs to vary Inversely with the particla Alsmeter, mnd 1t =2p-
pears that accessiblllly of the -atelyat surfnca ig an imporbent Factor in the
Figehar -Tropgch eFnthesfa, Thle ccnelusior 1s aapporied by the regults of merowry-
ard kelium-density wessurcments.

Om +the bagis of o serles of 4ests with comwsroial ayntbetlc-smeonia-iype cate- -
Ly=ta, caleulations ware mads, masumling epherical partislse, whizh indicated that,
of the catulyst surfece, wly o depth of sbout 0.1 mm, le effective in the syntheala 4
Thie ioplies that a calelyat with a syatem of pores large encugh so thet their sur-
face srea may be regarded =a exlternal eres zhenld have & groeter ectlvity than the
Cuawd satalyste, Lerge varliotions of activity with partlcla size are geldom obperved 4
in moat satalysilc syetemsz, sapecially thoas in whilch hotk products and rosctants sie
gasacug, For egomple, it hag Seen sbown that the rate of emmonda aynthesis on Fuged-.
1ron calnlyale wes izdersrisnt of particle 2ize, However, 1z. +he Fiagher-Tropech
aynthazia, the satalyast porss are proisbly gulte completely filled wlth hydrosarbond
that arn 1quide at zynthesis temporatres, sni this may sceount for the dependance
of rate cii particise slzc,
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- Static-bed slurry unit fer hyarecarbon synthesis.

Figure 33,




Jf the materZalo uoed in mromoting iron entalycto, varistion of “he concentrs-
ion of slkKAlL spiasra 30 ceuzs the grestest changs ‘n cetlviiyr =l mrodrat A%atei-
pation, Put mich of t1e evidence reported 1n ke llterstirs 12 contradictory, A
the Toeult of tasto with comented, proclpiteted, ond fused-lreon calalyutez, an alksll
aoptemt of 0.4 to C.,6 rort of EnQ per 100 periz of irom was Found to be the optlmm
for promoting casalyat activity, The resulis of tieae testn nen bo azplained by
apaumirg that ths preasnce of slkail inresssa net anly ths rets of corbids forma-
tion, which i3 eszentisl 4o high catalyst activity, bubt alac <he rate of free-carbon
deposition, which ia debrimental to catalyat =otivity. The acld contamt of thkes
predustes plao insrecaes with e2lkall content of the catnlyet, snd the cremmilc aclds
go formed may Te Inetmmentel in deterlopatlion of the cataiyst. Oaizliyata of hlph
alali comtent are mecharieelly nstavle, Fo slgnificert zcnelusions covld he irawn
concerning the product dletrihution of allmli-promoted fused and cemended catalyste,
becrude the Chaerved Inerease in the wropirtlon of blgher-molecular-woigbt produochs
may have been & natural resulbt of thke decrsuasd Opsrating temperzinro, walech uns
poeoible by virtue of the inereased mctlviiy of the promoted catelyet, Precipitmtod-
1ron satalydla, hisever, shuwad amaller differsnces 1o actlvl sy than the ovher typoe
of eatelyst, end the resulting opersting temperaiure wee not considered low enough
to epocunt for the ineressas in meloguler weight of the modust. It Iz comoluded,
therefere, that an incresas imr alkmll contert of the patalpaf, tenda Lo licreuss the
ayerage nolscilar weipght of the producte,

an Znvestigation of tho hydrogan:garbor monozide asaqe retica oh-alned over
fifferant typea of lreon catalyates wes mads to Imurove the efficlency of the conver-
glon of aynthesis wep, the medectlon and purification of whick gometitive 3 large
Frection of the tobel cospt of producicg lizuld fusle from coal by the Picaher-
Trepach proceas, Thoe resulta phow that, In the case of fuzed synthetiv-ammom’lo-type
catalrate, wide variaticns of coatalyet compogltior mnd eynthesis foemperaturc cause
ety eme’l changes In the ussgs ratls, whather tho cesalrysta are promoted or wnmro-
noted, Cemenved and sintered or rresipltated cetalzyste, however, ahow sipnil cantly
higher tasgs ratiod din the tnorometed atatls, The praaserce o Y éaelgubr in prezipi-
tated ratalyete _eads fo Xigh usagas ratio=, probetly Aae s roasruit of Adacrphiom of
the promotor =y the gatalsst suprcrt. Ao levookigatbior 30 Going meade 4o determine
the effect uf eynihesis-gaa ratls on the wi3age ratic shtainod wilth fuaed gymthetic-
emonis~typs catalrsts.

4 ptudy wos besgun on tre utility of prameted neturally oocurring arcez for tho
ell-catalyat slurry process. 1o thla procses, 3 powdered cata’yst 1s suspsnded 1n
an ol that 1s nonmvolatile wnder operating conditiona, and the ayntheala gaz Iz
bubbled up through the suspension, 4 szample of suck an ore is goethlts
[&-Faﬂ[{j';[jj‘! and 8 method for separating it fram Acid-scluhle Ferr!c czide haa Dol
dovelopsd. The indretiom of s promoted goathite ore satalyat in symthesla gas at
1257 0, hea been found to reoialt n = cstalyat nesrly as sotive &3 ore reduced in

bydrugern,

Depazas of tho ivhsroat moshandesl dlfFfisultlce oncowntsred ln opsrating o
elrculatblngealurry 1nlt uwelng treclp’tated-irun catelyete, o sbatlc-bed type oft
Feactor (mse fig, 37) kas bean constructed which doss not liwolve circulation out-
Blde o the reactor, Srntiesls gas enters at the bettom tkrovgh s conleal dfgtrib-
= '-’-t':'r, anl reschor 1l 1s eeparsisd From the zatalyst by A porous mstal filser In tra
= REDEr sectlom, Experimenta comceyming the effsct of indichior [rocedarse on catmiyst

. Beblvity, which wers cerriad out in tala uali, showed thet Induction of rrecipliated-
vom catalystes at stmospne—ic mrezsure loals -0 & adghor satelyst activity snd a
bigher Hs;C0 wmage retio,
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Catalyat Raductlon, - Investlgetion -t the erffect of tenpermfure, Ira3sura, and
gra compositlon on the ortent of reduetion of iron catelyats showed that almoat com-
plete reductlon la oateinsd at =50 to _*350':' £,, but “ma affoct of mressre on tre
sxtent of reducsion la less-wroncunced. Cerbon dloxide wae shown to e abuut bwles
an offestive as water vopow in dasreesing the rats of reducticn, while water vapor
ig more effective then ecnrbon monozids ‘n thfs respect. At lesat rart of the czrbon
monoxide snd carbom dioxlds i3 hydrogensted to metrens which, 1tself, hes ne slffect
om radietioe rabe, Reduckion of sn iron syrdbstfc-smmonto-type catalyst with hydro-
gem from whizh all oxyecn bed beoor removed ghowed thet the small amount OF axygen
ueuelly contaminating comercilal hydegegen woud not hinder reduction of this softalzst,

Refining of Fiagker-Tropech Zuasline. - A fixed-hed gra-vhnas unit (zee fig.
34) wha manphed fTor nee in 4 process to convert oxygomrbed compournds in Flachor-
Teopach product oll o hydrocarbens ard weter oy dehydration over activatad alumlne,
Raforming alao tukes place, resulting In e salfs of the olefln ‘inkege, freliminary
sxacrimenta obowed the optlmm condibions to te a temperature of 3509 ©, arnd a
ilquid-gpace velocity oF 1 volume of 0il por volume of catslyst per hour; almost
sompleotes removal of oll oxygotated compounds was observad, alomg wlth the arocductlom
cf ecrnnliderabls ethylens and proepyiens, chlaefly hy d.ah:;r:'ilr&tj_or: of athAanol end
Erioanol,

Feat Tranafer ir Fluidiz=d Catalyst Peds and Proszewrs Drop ip Granuler Beds, -
In eonnoo ol witl & determicatlcn of the fundsmental rroporiisa of fixed and fluid-
tved bade, 8 ebady of the vhysisz of heat tranaer througs fluidized teds ol rowd
=nd ghe»p 8411aa sands and 1rom Fiacher Tropech catelysts wan completed, In the
purticle-size rargs ©,0015 to ©,C150 inch, %he heat-tranzfor coefficlent was found
proaportiomal 0 khe product of the speclfilc hent, thermel conductivity, wd wasaa _
velooTty of the ges and to the =fficlency of fluidienilon [fluldization work dividsd
Ly the Fluidlzat’on work nlas taa bed sxzacsion work). Z1 wos slan found Inveraaly
rromrtional 0 the sompoelte dlmmeter uf bhe serblcle and propertionsl to the modi- }
fied Peynolds mumber railesd to the 0.7 fower. A nomograph zea heen completod Jor -
colenlating pressurs drov acrozs fized parcicls tels for visec:ia JTuld Mlow; Almi-
larly, & corprsctior charl Laz heen preparsd Jor the tranaltional rengs whore vigcoud
flow chanees to turoent flow, A general mregars-drop formilla has heen found to -
he valid for the laminar, wransitions’, snd turbulent ragions of fluid Tlow through
Flxad beds of sny sarlicle glzs, Thia work was dome in connectleon witk the nccaratd
catimation of the scergy requ’rementa of tle plzcher-Tropach hob-gas-recycls procsdd
snd octisr progcares in which “arge linaar wveloeitles of graes are mecesmary through
racksd lLubes,

The %0 RPanction: Famologatlon of Aleohols

L atuldy 52 In prograge of the machunlsm of the sdditlon of hydrogsn and curlon
mexide b3 otefina {imown aa the "CX0" reasiicn) to produce aldehydes, kolonss, and
flzchols. Thip reagtion csours to nome oxbent diuring the syntheels of hydrocarbond
erd a’cohcle by tne Tiecter-Trotsch procepn, A more gonplste kaiwloedpe of the
ma-haniam of the 000 reecticn iz sadentisl In further development of ths Fiecher-
Tromack procesd.

The uzusl CEOD reactlon comeiate of the resctlom of en clef'lz to produce ths
nocet hlgher glechal aceording o the achehes:

B ~CH=(H-t {0+ Ez =3 F=CHo -CHe: =CHD ———-B -[Bo-0E: ~{Ho0H,
I II -1t
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Figure 34, - Product-referming unlt for ungtading gasclina.
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Tt hae busl sqund that, inier the conditdoms (200-300 atmospherse, 160°-200Y 0,) of
ghe DX0 reectiom, if an algohcl 1 nped ag a4 ptarblng cimpound In place of the ususl
olefin, the final produst sonalste of the howclogors aleochel; that 1s, the sleshol
containimy ©o¢ mors carbon obtcm then the abteritdng slochol, The hamologetion reec-
$iom cHd ba wilttemn:

R—CHp CHo 0B+ s ——= R -CHp -CHpp~CHO ——— R=Hp ~CEp -CH,0H.
1v ha 11

The most oavicus explanation of the hamologatitm reectlor comsists in the
semmpticn thet the alechol (IV) firgt loasa wvater tu give (I}, wklch then pruceeds
to rosct according to the ususl OE0 reactlon to glve compound {III). This may be
the gapl=neation in cortein ceeen, but evidenps exlsta that the homologatlom dogs not
}E'{?Gﬂad- wig on alafin intermediate, Inetead, Lt 1z trought that the symthesis may
soour via A hypothetiecal ionic intermediste which would explain the krown formation

of aclds and esters. Tals ooheme postulates that the resctlon fa hamogeneous end

entalyzed by tho acid, subalb hydrocarbongyl.

“he homologatlion rsaction has trememdous commewnial sZgmificsnce. The conver-
slon of ome slceochol to the homologous alcchol 1w usually a tadicus and arducen pyrm-
thetle process. 'The reaction hae importent implicatims for the mechenism of the
Flacher-Trepech mrocesa as well, It 1s Jmown that the 0E0 resctliom coctre Yo A
imited extent under certain comditions of operation of the Flacher ~frozach proscase,
1f oonditione {ecatalyst, temperature) car be fourd such that the aleuhol homuloga-
tion renction 1s sufflclently rapid st fressures of not more than about 70 atmoa-
pherea, It mmy woll replece the Filacher-Tropech cyntheplo as & scurce of 2dgquid
fuels, The U3 to C1p aleckcle could be converdsd to olafindlc hydrocurbona Ty pada-
sege over bauzite at ahont 300°9 O, amd the Cjppt cracked end recycled, The advan-
tages of wuch & process would be: (1] The aynthesis gee need not be purlfied
beceise the OO remcticn 18 not greatly retarded by sulfur compounds, and {2) the
JE0 reartiom ie B nomopenssus cAtalytic reastion, and rreperatiorn of epsciel con-
tact catalyete wowld not be neccodary.

Irom Oatalvats and che Flecher-Trepech Synthesis

itriged Catalyats

M™e daponition of gerben in Figcher-Tropsch catalyeta ia deletarious Y thelr
activity and durabtlity. Thle lv sspeclally ssrious in tha hot-gaoa-recyole and the
fluldizedaipon processes. The carbon is formed bty the resctiom: 2C0=C0p+ C, For
same time, phyalcal chemiets in the aynthetic llguld Juels rasearcl and development

- laboralories huve copsidered 1t probatle thet the sarbon-forming resction proceeds

pEre—— . .

in geveral sters, one of which 1z the formetion and dacdmpositlon of lrco cerbides,

In acaord with this view, esrhen Pormation sheuld be sliminated or at least its rate
greatly reduced by subatltmting, for the Zron carbids, materials susk aa Jroo bordde

or iron nitride whose ilastice structure ia aimilar to that of Lhe cerbide.

The mltrides of ircn carnct be Fformed by the sctlen of moleculer nitrogen, but
they can be formed by the actlcn of ammenia un iron, the nitride formed depending
Upcn the temparaturs, tlme, space velocity of smmomia, and the ammoni & by dir-ogen
retic, Accordingly, fused-lron symthetic-ermuomis-type catalysts were redured in
hydrogern, at %50%-550° €, and nitrided at 3309385 &, ‘Theso nitrides of Irmm are

: interstitia’ compounds similer to the carbides of irom, n@mally Fformed vhen irdn

- catalystn aro uped ‘n the Fischer-Tropsch synthesia.
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