¢4 had been found that, under the condéltiome (200-302 etmoepheres, LL0Y-200% 0,0 of
pro reachiom, if an aleghel 18 uged e A eharting compoand n place of fne usuel

 e1efin, the finsl mrodint aonoiaste af the homoiuogous alcchol; thet fa, the aleohol

sepbaining cne mora pepbon otom thar the sberting aleckol, The homolosabion reac-

. tion can ba wrltten:

R ~(Hz -COo0 OO+ E % B-CHpTHp-CHO === R0 o ~(Ha -CHoOH,
v 1T IIT

Tha meet chriovs explaration of Lha homologatio reastion conolsws In the
goaumpticn that the alechol (Iv}) first lomes water to give (I}, which then procseda
to react necordlLng to the uowal X0 reactlon to give compoind (IIT). This may oe
the explenatlmm in certaln cmdes, but evidence exlistn that the Yomelogetlcm does not
Fgcﬂad wis an ol=fin Intermediste, Imstend, 1t 1im thought that the gyolhc2le ey

v Doowr vis & hypothetisal 1oris intermadista which would sezplaln the known Jormetlon
. of actie and esters. This scheme peetulates thad tho resctlon ia somogenecus and

aetalyzad BF the ac’d, coralt Fydrcoartonyl.

e homuloge llen reaction has tromondous commers 18l simgiffesnca, "he coover-

gion of ome alarnel o the homologoud glechol ig uamwmlly a telfous end srauous Iym-

thetic process. The reactlon haa tmportant igplicatioms for Gke Mechsrzism of *the

. Fischer -wrodsch procuss ae wall, Tt 4p mown that the HO0 reactlion cnocuwra $o &
1imited extent under certain ceonditions of vpsration of %he Tischsr-Tropech mroce=a,

If semditicme (catalyst, tempsrature) can be found such that the mZcohcl homologs-

. tion reactlon is sufficlsrtly rapld at presaures of not mora then sbout 7O etmoz-

p pheres, 1t may woel’ replace the Filscher-Truzach gyntissiz ap a sowrce of liquic

y fuolc, The Cx 3o Opg atcchole conld me converted to o-efinlc kypdrocartuns by pus-

. gege over hauxite =t about 3007 I., end the Jjgh cracked and recyzled, The odvan-

teges of suck & proseds would be: (1) The syuthssis gas nood 1ot be purifled

bacause tha OE0 remstlon 13 nos sreatly retarded by sulfur sompounis, and (2) the

§0 reuwsltlon i & romogensoue eatalytle reactlon, and preparetion of fpezial con-

tact cetalyots would not be recszsery.

- e

-7 Iron Cetelysts ard the Fiscrer-Tropach dymthesls

Fitr1ded datalyeta

The deposltiun of carbon i Tlachor-Tropach cetalyats ia deleterious 4o thelr
Betivity apd durezility, Thls 13 sapsrlally serloun 171 Gho hob-gug-resycle Bnd thc
fluidized-ireon procesges. The carbon 1z Zormed by tte rasctica:  200=Coa+ O, Zow
Bois Lime, phymical shemlats in the aynthetiz Llguid fuela reszarch anl develomment
laborstorlen heve corpidsred 1t probable thel Lhe carbon-Tormlng reacticn wrocoeds
n several g+epa, rme of whiech i1a the Format-on and dsecmpoaitlion of iroen carbiaes.
In scrord wish thie vilew, carbon formstion should be elimirated cr at lemat 1t rate
greatly raduced by Fabatltuting, fur the lren carbide, mrtarlals such es irom hirlde
or ircn nltpride whose lattics structure 13 aimllsr to that cf taa carblie,

Moty fuiok L

The rltrides of iron cammot be Jurmed by the sction of moleculsr nitrcgen, out
they nam he Formed by the setlop of ammonle om irom, the ntiride formed deyrending
Npim tha temperature, tims, sface veloclty o ammoris, and tae ammoTid 8 hyrde Cger
railo, Accordingly, [used-iren synthetic-memenis-iyne catelysta were rediced ‘r
Rydrogen at 450°-559° ¢, end riirlded a5 350°-385° €. These nitrides of irer ave
i 'nterstitial compounds slmilar o tha cariides of iran, normally furmed when lron
E  Ccotulrets are ugeé in the Flacher-Tropach oFnthesia,
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- itorsture fane snd preliminary ezperiments 1n wiish the nltrided cubalyata
wara pompored with roduged, carblded, or used catn ireta wnder a varisty of corad-
tlomg show that the presence of niiterldes of iron In Fizchear -Tropeck catalyeln
frerendss thelr aativity 1n o merner similar to carblidea. The aclivity of the
nitrlded cabalwat decreatea w'ith decressing pressure; however, the catelyat 18 2till
molorataly ectlve, oven &t atooapheric pressure. A study of *ee atritution of
Iiquid grd 2olld producte Jrom nitrided catalyetes showa that a much proater fraction
1o in the diz—=illatlon remme of < 185% 2. than 1s “cund 1n the product From redaced
sebulyslo, Amalgsie of the produst ghows that the fraction dlstilling to 1857 =,
conteine [o-84 perasnt aleolcela, Wrhen operailed in the hempernburs roangs 200~ 240,
=md ak 7-70 stmoapreroa, the nitrided eatelyass produce VeIy little hfgh-btolilling
poctuel, At higher temperaturce, hle nltrogen is rapidly wrmovei 37 hydrogenatlan,
ard tho peneficial efscta of the nllriding {that iz, the nhosnce of carbon depnsi-
tiam smd Lttle or no formaticn of fron oxldes) ars lost., Witrlded cailelyats,
s1’lke the corrcoponding, rodaced cetelysts, are physienlly atable in cerbon-monGE-
ide-ricn mes, A5 the vrrodectlon of gaseous hyArosartonn dorresses with decreasing
Fo:00 ratlo of the aymthesis paa, Tthl=z nffars 3 mathod of decrowstng the yield of
Tdgat hydroeartoena formsd by nitridad ratalyata.

Carkided Catolyafs

studles of the carbldes of from wers continned. Tha moda of trenaiticon from
Fes-Alig to cementita, ¥eglr, Was atudied by fullowing the course of tho magnstlc
clrves oetwesa the Curie points of the cerhbldes "ome figs, 535-37)1. The translticon
wms Poung Le be ddeconbiomoua, which meuns thet srecipltetlom sfarts with the form-
At of tualei of ke mew orystal hubit, follewed by thelr growth et tho expsnac
af the exiating struoturs,

The charge in the compcaitior ol o fuped-lroc cutalyet wag ntudied dirring its
nae in the wedl' wepressurs Fischor-Tropszk zynthesin,  A-Tuy Aiffractlon and thermo=- -
magmatic onelyoss showed thet Tagg carbile {Me.() was formed vory rapidly during the
hegirmong of the siperimsnt; o waximm snoual bed been formed #ometime daring tks
fir=t 2 deya of opsreatlon, after whigh 1t deereased linearly with time, Ko carhides :
ather than Fegl-dlagz wers ldentified. 2wl er nxaminatlon of used Jron cetalysta
Aftsr catalyst-tewtlng wludles szowad Shat, of lho thres knowo ferransgnetic 1ron
curkides, e hexegiral clome-dtecked Fesl iz rarely formed wilh fused catilyats
ander She usual smnthssls coediticons and thet cementlte, Fe G, does not appasr t0 be
frormed during the syolhesie szsept By overhoating and ﬂimul%.aneauﬂ deprmpogition of
the otrer Tormn of certide.

Freo-Cephor Depogltian, - Ong of the worat featiraa of Tilachar-Tropach amta-
leate iz their tendsmcy to form relatively inert Ires carbon doring the syothesle,
Thig enrbin plugs an ke prostimm wvezzel fizred-bed g.nvorters; in fluldizsd-hel
converters, L ooxerha a dizintemreting affect on the aatalyat pertlclen, convertlng
them 19to 5 Fiae foat woich eancot be roteined i e comverter, In wddliion, it
1z thought Thet earbon cescoition exerta & ovecific poizoning Aactlon on the Flacher- !
Trzyooch oAt ion,

Tarhor may very proharly bs formed by way of carbite, as Follows:
e

Vo 200 + zM-——e-My0 + 00 and

() Mgl ———wmzd | C {free).
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of hydrascarbon-syrthesle mechanism

Llpperatua for stud-e=

Figure 37.




. qnis theory ia surparted Ty the fact that on’y threoe metels which Forvn met=staule
carbi dos 512 imown to fore fres carsor from carbon nonoxids., Resction {2) ie
aimply thermnl decompoe’tion of the carblde involved.

rp = sublect T a atudy tc determime the rature of thla dascomposiiion recc-
100, nickel cortids w=ao chﬂﬂe?, bacauess {1) it sould be preperod in & wsll-
ﬂ!ﬂtﬂ—lﬁzcd ard pore form, (21 14e cryslal slrosburs s wr:s].'l.-knuwn, BT {3:. it a3,
11ko perburized cobalt cstelyat, nonferromagnetic, Thersfore, the tharmu] etesil.
Aty of the asrplde gou'd de stulled magretlesllzr by the zome method wssd wrovicialy
por Conl, g4 the appesrance of fearconepmetiszm cowld be wzcribed to the Formotion
of ferromaget!ic nickel metel, e meascre of the orogess of decompoaiticn. Fen:ta
of the otudy chowed that the apearent snsrgy of motivatior for the decompoolilcn of
plekel carblde Zs of the same rlor of magnitude as that found for lhe dseonpoziticn
of & cerourized cobelh catalyet, The descmmmosition of nlckel carbide, however, was
fount w2 be pregedsd by an Inductlon pericd whice decressed with inorees’rng tempera-
fure. Thils Inductiun period i-dlsabaz ihed the resetiom racuirsa the waopsnce of
miclel whizh Are diffienlt %o form at a relatively repid rase, luhiblting the Jorm-
ptior. of theso mualed by wverions =ddit vea wyold, thaoreticslly, dalay the thermal
dapcmpos Liion,

Frdrogeration, - Ocmparstlve ratea of cardoiding and of hydrogeneticon of errbids
an cobelt catalysta save teen previoualy dotermingd 4o got come Information on the
mechenism of the ayathes’s, althougs the poselhiliiy han been reccgnlzed that those
retez, urder ayitheale conditicns, may oe mich different from the obaerved rates in
pae gedcs. Thus, fully or zartly sertided cobolt ecotalysta Aro very renldly hydro-
ganated wita murs hpdrogen and retelin the cerblde at compsratle temperaturss vnder
2:1 synthare gaa, Synthes'ls experlmentz wers therefore carrled cut on pertly car-
bidad cohalt antelyste, wnaing syethedls gas with an He:OO rotico of 3:1 to 2C:L,

Tia repulio Indicatsd that the hydrogecaticn of crrofde 15 strongily Inklbited Ty
evan amG.l parilal mressures of carbon monsxlde and that the totel reaction rete
Inoreasss with decronsing partisl zressure of carbton merozlic,

Sorfene Areps, Poroplty, snd Evmtrasgig-Beits Studles

Delermisellon of srfazs erss arnd mercury and nellum denslties of faegd-lron
catalyrat showed that, durirg reducticn, the extermal volime ot the catelret perticls
repsine the peme and pores are davelorsd ty remcving ozygern fror the ifntsrize off ks
grain, The sversge pors Llmtoter rewalns very reerly cornstent throughout the reduc-
tioae emd iz of the zame ordor of magnitude az that found in reduced cobtalt oabdalysla
Tha surface ares varies slmoet lnearly with extent of redontion. 4% 98- to 1030-
percent reduction, however, 1t eppearo that nomo simtoring cccure, zeceuae the gir-
face graa doeg not imcragse &9 mueh aa the pore volams,

Simiar atidies with precipltated-iren saialyata ouggeat an sxplanstlon Jop the
greRter astlvity of precipitated catalysts as sompared to fused cebalysiz., Tho sir-
face of the prec’pitated catalrate may be mores esseasible to the rescting gmees a2 &
rogalt of the oresence of pores with dismetsre ehout three times 9 largs aa fheae
found fr fused catalyats., Toe snhanced activisy of redused canmsnled patalyeta may
ba similarly explefned,

Effeci, of chloride Ion

g

Favly in the development of the Flacher-Tropoch satalyats, i wes fourd that
Botive catalyets could not be srepared trom farrle chloridas, olthough = aracipitated
cuatalyat yrevered trom & o xture of ferccas, ferric, snd euprlic ol Zerdden aceSoolrg
W0 the mrocedira of Flehiar exh blted astiefactory activity, Tosta nnds Wl ik

3sh - 33 -




seypres mreperaltions 1r which tne senstloncntas of thia catalyst wers varied ghowed
+krt the Merroua irxch wod the slgnitizans consti-uent, Chemicel arslycis ahowed
tmal bhe chiorids conterdt of the Inachive Ferric iron cuselysts wes At lsast 20
bimon graster than thul of the active forrens-ferric presurativna. On the baals of
tkin Information end eddltiongs dots cbiwlned by Y-ray diffroction analyale (fig.
38}, the fellow g exqlenstion of tho deactivating atfeel of chlorids 'a propoesd,

1. i the prezence of chlorlde and ferri: iron {110-1cJ£ ~Fasls Hal wan Tradnced
wrioh retsined chloride iz the cutalrat structurs. Inrlng a,r,.-ul.,hea§3, chlop'!da ora-
qemfb on ectlve centorc dsectivated tre cotmlzat.

%, in the presence of cnlarides aznd Terrous end forrice iron (st lesaot 37 per-
mert Fetd! ar Jeappovs iron sline, the formatzon c-fﬂ wFools "Ho0 was inhielted,
Trstead, Tagretibe (Po,ly, ur ferrouz hydrozide (Fe{0Z),)ir a nizture off both wea
Cormed; “rom ti3 orystal atruclars chicrlds wao easily removad by washing.

tnalysis of the Froducts {rom the Eydrogenatdon of Carbon Monoxidae

& éatedied charactorizatlon 13 belrg made of Ehe Tigcher -Tropyct rrodunts ob-
talred from iror catelyste, The determination af the Sxygonated compoinds in
sigohor-Tropach prodichs &y Parasod spectramotry [=ee Tig. 39) hee been facilltated
ty Eho derlvation of ARLOITLTON ~oafficienla for the functional groups of alcoacla,
Latomed, sldehydes, asterd, ard aclds in rrbures with hydérocertouna, This has mind-
mieed the previsus reguirements tnal purs saiifbration compounds be arellazls, Thus,
the Lim tatione imposcrd by diffsrerces ln polesular waigrt and tenslty have beor
reduced, ard selitrations haoed cn the simpler ), uxygenated cyppounds siow can be
uged tu unelyze uxygerated pompuunds in the Cqq and hlzgher ranged. Anelysiz of 8fD-
thetle blends of alvchols, aceblc so'd, scetons, ard water of masnz of tha meds
apectromoter suggest thet such anslyses of water solutions from e Fischer-Tropoch,
procieza may we eccurately done for the prinsipal cxygenated componenta. Davral cpment
of & pelt-tilling micropipsl weihcd of introducing sarples ints the mass gpectro-
meter groatly fasillteted enelysis of the axrgerated cumpounda in the atbscnce of
weter .,

Tn cornection with evelustlen of the dafstillation polums ooerating at raduced
pregeurss, tho use of a test mixture of a hydrossrbon with bydeogen atoms of maas 1,
and Lhe sane hyirocarden contalning adms deiterlim atoms (hydroger atoma of meoe EJ_
1g nighly depirable, Accordingly, & method of pnalynis for deutrated hydrccarbon
vas developad which ip supericr to the exslytical methols previously uacd.

Speciel Alstillativz and gad-scllecting equimmont {opa Figa. Lo-b2) yma 1n-
atalled t¢ glve, In £2vs fractions, rouch polecnlar-welghb-range characherizatlzn?
of Filacher -Tropsch liquld ard ool1i mrodueta. Work with tie nass apactrumetar,
which iz used for muas of %le gag sralyscs, has reaulted in improverssts In equip-
met desigs snd opsrating tochnlgqus, A method 1 being developed fur tha quantitas
tlve ame_yaig of CEs and -CFp- groups in wixtures of allphatlc hyirccartone; thls |
method may he appliuvl to the dsterminatiom of arcmotic OF ard naphthenss, Amalysle,
for -CH- and -—{:}-, which would bs necepsary fur @ complets svaluatlon of ghrin-
tranching in high-bollfng Fiasher-Tropach rroducts, ia not precticatls, howaver.
Combinaticon of Prnctional-grooy armalyale with dezerminations of -CHz, -CHz-, end
armetic 00 shoeld peovide mush ceeful inlormatdon, fesembly of the amall mees
speatrometar (Tiel 01) for eralrses ud to moE3d Ly | th= purposs of which ia to de-
srecec ke auelytical load on the larger instriment, ts abouwt OO percamt ccmplete.
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Figure 3. - Snall mass spsctrometer.
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