The effect of storage under oll on the activity and selectivity of a
synthetic-ammenla-type catalyst was negligible for storage periode as long
as 6 months. No difference was found between the storage qualities of crude
synthetic oil (made with an iron catalyst) and of oll washed with caustic to
neutralize any acid, washed with water to remove the caustlc, and dried to
produce a dry, neutral oil.

Cemsntite was prepared by four different methods, using a fused catalyst,
and the effect of the method of preparation on the synthesis was investigated.
Partial carburization of the iron to Higg carbide and subsequent homogenization
(cementite formation) by annealing produced the most active of these catalysts
for use at 100 p.s.l.g. pressure. Direct formation of cementlte by carburiza~
tion with methene and annealing to cementite of a mixture of Higg carbide and
metallic irom in & used catalyst ylelded catalysts of lower activlity. However,
the presence of magnetite in the used catalyst may have had an unfavorable
effect. At 300 p.s.l.g. there was no appreciable difference in activity be-
tween cementlte prepared by homogenization of a mixture of Higg carbide and
metallic iron and cementite made by "typhoon" induction (see Catalyst-O1l
Slurry Process).

The activities of reduced, normally inducted, and "typhoon"” inducted,
precipitated catalysts were also compared. "Typhoon" inductien produced &
remarkably active catalyst. This enhanced activity may be due in part to in-
creased surface resulting from mechanical disintegration of the catalyst during
1ts induction. The production of gaseous hydrocarbons was very low.

Reaction Mechanlsm Studies

Catalyst Composition and Reactivity

Further studies were made of the chemical properties of iron carbldes,
which, while not necessarily catalysts themselves, are always formed as by-
products of the synthesis and appear to have a profound effect on the activity
of iron catalysts. The rate of carburization with carbon monoxide ‘of two
widsly different types of catalyst cbeyed the equation

-d(Fe) /dt = k(Fe)?

at least up to about 50 percent carblding and at gas velocitles where trans-
port camnot be & limiting factor; here t = time, k = specific reaction-rate
constant, and (Fe} = mole fractlon of metallic iron remaining. This rate law
permitted determination of the temperature and pressure dependsnce of the
initial rate of carburization. The activation energles varied between 27 and
32 kg.-cal. per mole, and the exponential factors for the pressure dependence
varied between 0.2 and 0.3, depending on the catalyst.

The effect of alkali on carburization of reduced iron catalysts over a
range of alkmli concentrations and carburization temperatures was to decrease
the rate of carbide formation (at least after about 50 percent of the iron
had been carburized), to Increase the rate of carbon depositicn (after car-
burization was essentially completed), and to decrease the rate of reduction

- 52 -




- M- O BRATIE

“jlun LOLIDEIX0 JOUS-|8315 = ‘Z¢ aanbiy

A ——

e it T 4




Bridiaiie

e

reduction furnace.

St Ny
rondady AT G

o
c
=
T
[ ]
o
o
)
[ =3
5
o
.




Figure 3. - Apparatus for measuring gas evol rtion,
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Figure 35, - Gloss-blowing lathe.




o the earside, Hitriding rates o similar roduccd lron cathiyota wers aloc
Aecraaned wren aleli was edded te the cnialysty. Thilz sffest may he due Lo
partial covering of the surface by itrhe promoter.

Jurburieetion of reduced casalryata witk syntheals gos of var:ng cokz-
peaition was found to lesd Lo toe tormatien of Celrly pure T carnfde,
Altnmough emall smeunte of metsllic Zrom may remeit wreasled wnd altiealg
formation of mognetite ‘sz Sacresasel 2omewhat as the retle of nydeegen to
garbhon monoxide increazss, the rate of carmarizetion is ranla, sl o
relipod 13 a°mple and »ay 2e rore sowvenlernt Lhan sarnuclzeticn wiih aure
sarton mercxide, especlellr aince mas mixinrea =re 2wallable for She agnibe-
gig lo any ocass.

. i s ra T ERN— PR
The formazlcn of gz cariide [rom hesmoons closa=noemnd o omrside

wus characterisesd wnine WZeally Ly the srescmce of two trvnplact Cwrie selub,
BeoAdsn Curcs moints are culte zenzitive ko chanaes nocompesiiiZeon and o e

Fermation of sclid solusions, thle thoncmercn 1z yroo? of thie Jact thal tous
trangiticn Jroc ons strasture te Bhe othsr wae Llzcans in1wn-1; tral ls, Thel
nucle! of bie rew phaze grew st the exponae of the ol d rhass, than Sho Lomto-
dltiona of e {we cartildes rema’red achanged f.-.u:’r_:_ the Lownelorooblon, sl
that thoare eithor was no mutiel selibility o the tewn carbtlaca in sach ollboer
or Ll egailivradllos was Los alow toe peccme notlceabls,  1he TR AL IS
prosemled Witnoot ar tnileticr neried Inoccntrant to the roactlon of Tteg
carpide woith metollic l-cr 5o forw somoniito, which takes ulsce at b7 zher
tenpersturos.  Junaidering reacticna of ircn ceooiides oo the aolll wifes,
fros serbor appoara Lo te Pormped Yrow ocertide orly by the decongpesitior of
cpment’to. A3 thta reactlion occura Al torporutirs: Nar abocs Lhoae amel 1o
tne amthezia, carron daparition curing the gribcels canrct e aosoanbod tor
an thils basls by thermel dscompoziticn of icon enrnlde,
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The reduction w b aydregen of Teee csrtide and of cereplite fz zrezonded
hy mo Iniduction pericd, after wiich the ratea of redoobloo of the two gecbides

are cuaertinlly ccmosent,  Tolg cencluzion wes ooast =] Mooroa oaindy of omsrcet-
l ite, whick waa freed cf aleall, seduced, and ca-tardzed - ':_-'.Lrtl;_. to ford oo-
T i

mentite (ty annesling ol Hﬁgg corttde ard froc fron) or Mully bo Zurm Hegs
oarhide.

one of the medm ownseoa for Tellores of o catAalyst T setansic L T tn

meokoaios] dlgirtesration, reaulting Jromocaidablon aal >Imallancons i shor:
deprnatidicn. To Cotermrine "tz suocentin i lity to cxidablon, TRz cerpide wos

TIE
Lrad ‘xotko dynbasain ob proeccoren pewaing Teom D00 4o 200 paoa,lilge noto
shom ratiao o 0,05 of oxymen Lo lrom, o alEnilioAaTi e .::‘:—:c,t 0 prossiee

wag DSeand or e rete of cxddation. AL higher matioa, aowever, i;n:lr‘..if. 0T
zncressed markedly with prezzvre.  When the pressare wasn owivladsol conetant
anil the terperaturs was caried holwess 2009 ' 2 22mi e effslt wea
chasrved, an increwss “n Lennerature ol L& 00 melngs ciuivalent fo o Taorenac
In pressure of chout 50 pounds, Depcsilion of free carton waz ropld doring
tna Dlras [ew daya ol syrtoeslza b ctoppsed ef ler some t7rc,

Do Heaction

Renctions Simiiar oo Phoae Doorricgs In he oo syntlosla ocows alac Lo
the Fluchnr-Tropsca zrocess. 1o the ovo cszactico, carlon manoxide =nd hpdrogsn
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pombire w!th olafina or alochaola o produce oxygemated cempounds of higher
nolecuiar welght than the startirg materdnls. Cobalt weuwally 1= die catalyst,
probably in the form of egbalt hyd=cearbony), HCo[COY,, vhich may be fermed from
dlechalt ootacarbony? under ayntheais cowéitiona ancording to the aguation

ZED{CE}_J_/E + Ay == FHCo{CO)y.

Alirough cobalt hydrocawbonyl <f&n be prepared Alrectly, 1t le difticult
to keep AR Tt hecomra unateble shore -33 0, The otorage problem wan pertly
overcame By solleckbing the acid In tolusne and ofoe'ng [+ iz =i etmcashere of
calrbon cncxldo. Thder thoeze corndliticnd, only vory little decomposition was
ohaerved at roon tenperaturs dwring 24 heowee (Fix. 311-} . HM=thods were devel-
opad for the amnlyals of mixturcs of cobslt corbonyl and hydrocarbonyl. A
condlderatle amolnt of ccebalt hrdrecarbonyl was foard in the reactlon product
from cobait carborate, benzens, and symtheals gaa.

The formatlon of cemplexes of dlcohelt ostacartonyl with ergaslc compounda
has mreviouply been expleined es a dlaplecenent of 1 or more meoles of cATbhor
monoxlde by the srtering organic melsculs, This view has been showe to Be
untenekle, Inatead, the organic melecule effecta & dlaproportlonabtlon of Lhe
dlcotelt cotmearbonyl 1oto cobalt jcn and ochbalt carbonyl anlon gccording to
the gargralized equatlon

2ud + ﬁo(cojh —> 2 C‘D{E}E]‘-'ZEDI[EGJEZF + 20,

The glsctrens nscesgary for e Formatlch of the =nfcn may be derived from
goma of the cobalt or from nn axterpal essu~ce.  The teandenny to form the
atable cebalt carbony. anion {rare-gas structurs] iz probably the iriving
toroe tor tha reactione. Addltion of electrons from an exteroa] asiles 19
illua*rated by the resction of scdlim with Aiechelt cotacArtonyi:

) +ZC_D{CD}“ o Erqaﬁ{co‘g

A gtudy 12 belneg made of the effecka of contmet tIme, temperature, catalyat
concentration, ard prossurs on typleal ozoe reactlona.

{haractarlization of Sjmthesis Products
Apna 1y g

The totn) liguld prodact chisined freom hydrocarien syntheais over a
nlsrided-iron catalyat al 2407 2, and £0 atmospherss pressure wea separated
Inte fractions by & schems lnvolvlng several dlatilletiens, sztrecticons, and
Irthalation, and the fractiona were analyzed by chemlical and apectrographlis
metheds (figa, 3%-317). A mew mmas apectromstric method waa developed to de-
termire the higher 2leooncls in this preduct. The tetsal equsous phape repre-
sontad 26,1 porcent of the condensed product. Some of its ccmpornents and
thelr amenmby are showe [o table 15; aleckols were wrademinend, and & lhyl
alechol weg by Iar the lergest cenetitwsnt of this phase, The o1l phass,
f3.9 peresent of the condensed product, zentained more then 45 psrcent of
oxygerates, chiefly aleohnls huh alag elgnificasl amcunta of estera. Ths
hydrocarbeons were predominantly saturated. More than 9§ percent of the oil
phesn bofled bhetwsen 507 2nd 350% C., and 2 detalled analyaly of this part
of the produszi fs glven in tables 14,
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