ike rarral-a-day Flocher-Trovdch pilol plant {figs. 20 and £5) is neerly cam-
peted, ¥arloig somoomects of the oquimmenti 28ve lLeen teaved %o wosuro satizfactary
perlormancs, The ofl-spacrption aysten, demigned Tor the resovery of light Fdre-
zerbuns, has been weodifisd =lightly %o sllow the wee of & potasoiun carbomafs aoln.
L*or for +Hie removal of sarhon dloxlde from the recyele gea, A amall porblon of the
tzi? mra Wil ne pasasd over actlvated charcoal to recover the light ILydrocar boomes
azd pormtt welghb-bolance calezlatlcors when operedirg the alaat. Qoo for the pllot
olamt s comppessai 1 the eqaimment shown o [lgomrs 30,

Tebmrrtory-goale Txpsi imarha

Oetulyate, - Previous work Zn thig Zsharatory and It other Zaborstorles Faso
zhem Bhet aroveralon of the lrom in "ron eatalyete te an Fool ourbide 23 g=tment
with cerbeon monoxide or ofxiarcs of Zydrogsr srd cerben monazide inoreasged the osta-
Lyas motivisy in the Flacher-Tropeci synthsela, It was thought, thurofors, that 1if
tle introduetyon of carheon intc the 1rom lattiece incressss the activity of the iron
catalyat, tha Inteedastion of anether elomant - for exrampla, nltrogon - alao MOF
arrarce the potulyet wotivily,

“he it rices of irom carnct be formed by the scticn o molscular oltecsen, but
ther pan te formsd by the sotion of amoc—is on fren, The nitride formed dependn an
the temperscure, fine, apace ve.ocidy of ammonin, and the ratlo of smmonds to hydeo-
s, Ae the pets of cracking of ammomle to nitromer and hydroger becomedw aptrcsiable
at 4n0% o, tonpwraturens of 3305 4o 22509 O, arpe meintained, Ta thia temperaturc '
racgs, & odooce voloelity a3 Zow as 1,000 volimea of 288 ner voltume ol calalyst ner
maur permits a- adacnmdn ammoeCa-to=hydearpes ratio, and nitriding to an atom ratic
divs = G434 o 0.0 ocoura in b Eourg,

Tezke wita iron cetrlrets dreeted in thls marncr Zuave ahown that these nitrided
cotalyet: have alpn 2feantls mrester actividy end 1ife thas correszonding reducsd
cateiyets, and that tis orodusts lfrom the aflrided wetelycte ars very differsnt from
thoos shiadred witl redized catalynta, The nitrogor Ta anly very slowly removol
Moo 16 cotn yata durirs the synthesiz, Acd available deta "nd’cate that carbon re=
Iilacce tro cftrosen, wkerewua the rntis of dotal-parton-pluo-nitrogen atoma to frcn
alone rewei-ss arprozimetely consiunt, NoLrlded cetelysts appear o resist oxldation
and depozlition of free geruon in the zymtheaia, Toua, nitrlding may be a oractical
ari ceonowical methed of slimirsting Se dlfSizu’tica of eatalyst Instab?liyy due ta
cardor. dssosition, cxléation, and relutoed rocesass, Tre selacuivity of the catalyet
1 nxemeed glin’feantly by corverting tke iron in the catalyat to € -prase nitrided
snd mitriding is ancbher war of lncrcasicpg the versatility of the Fischer-Transch
srntlesls with iz catalyata,

The differences betwesn tho mredscts from o irided and reduced iron spynthatic-
amnila-Lype cutalysts wers w0l a result of the different temneratiren of opsratian
and maat therefore he related io sone Ffundamental clange in the eatalyet aartface.
1ne emhonced astivity of mitridsd cotalyats alsc mey -azult, et lenst in part, frdd
ke lower-molepuler-weight producls Tormed Ty the mitelded catalysta, Theae preodnet
meEy be aEyected to deaord mope read’ly then 22 the heavier prodvets from rediced
cotalyata, thuw ineresaing the effeetfiva murface arca of the nitrided ocetelyais. e
hap hesn {oomd, aowever, that a cately=t pertly cooverisd to B"-phaae aitrids has B
groeter setivity than - smf lar reduczd cetalrst, although the mroduct Letritsilon
fa rob signiifeant y Gi0Terart Trom 4had of the redveed catelyet, ard thue, 1n dkis
arge At Zeaol, the dncronscd activisy 19 pot Jue 4o the neloounlor wolght of the
rrodusse,
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ammonls treatment of the catalyet lmmedlatelr ai@er reduc-icn or afbtor a nmber
of weske of synthassls tnorceoed the aotivity and decrensed the averags mzlsiular
welght of the oDroducta, Eydrogenaton of the zitrlded casalysts caused 3 dscressa
in activity and sporeased the theiscmnlar welight off the producta; however, when s
nitrided catalyot that had heen used in the gy-theaia Tor a rumber of wesks waa
nyirogenated, the sotlv’ty of the resnlting catalyet wes greater tasn that of a
caryaspmding rediged catalyst that had oot basr nifrided, Foeeldly the insreased
actlvity of theas redused-nitridel catalyata 1z due to cartldic ocarbon remslning In
the catalyst mlfier hydrogeration, Nitriden mra graduslly converted to carbondirides
in tite ocuras o the gynthesls, amd, o hydrogenatlon, come of the curbon may rem=in
ay carbide, It has been shown <het iron serbides are dif7iculd 4o reduce.

oatplypts cooverted to £ -phase nltrlds show lhe wreetoot Iinereass in activity.
Thoe & -rhase nitridee havs the same aryeial gtructure as hexagmmal Faol carblde,
ghipgh has been Tound previeusly in mozt aotive 1rom Piacher-Tropech cetalysta,
Posplhly the srrangement und apecing of the rom afoms in the hsxagmmal corbldo and
tha & ~pheae nitridze cause the kigh actividy of catalysis conta’nirg thess bulx
phasef. Lo the symtheals, the nifrcgen atome In the eupfaee layara of tha catalyst
probebly can be replacsd eswslly by carbon atoms, and the sgtive surface sctially may
ba A carbide, The reslatence of nitrlded ecatalysta to oxidetlon aleo mey contrlbute
4o their incrsnsed activity end fompger “ife,

Although *t has now boen estanlished that carbides of iron are not lntermedi=tes
in the syntkesls, *t la certain thet iron catelyste conteleing fairly larse amounte
of carbldes or Clrldes ueially are mors active tian gimiler hydregen-reduced cats-
lyste, The way that interetitisl camyounds of eArbal and nitropen acl as gubatrates
for sotive catalyate i not undesratood, but it may pessibly te related to difrerencas
in the gearetry of the resuliing catalytie swrfecee, This work with frem nitriden
opene & rew Tleld In catalysis, which may be pursued by ths intreduction of othor
glaments into the Zron latiice,

Attemate were made to decresse the high ylellde of gr3ecus hydreoenrbons engccl-
atad with rltrides fused 1ron cetalyats by decressing the partlcle size of the
setelvat, Studles in bench-scRle catalret-tsstineg units showed that tnls Is posel-
V1s; & WO- 4o 60-mssl cote’yst decreassd the cperatlng temperature fram 2389 to
219% €., with a resultant derresse in prodiuction of geseous hydrocarbone, Indeed,
the prodveots chtalned f+cm tha Tinea-mesh cetalyat were very aimilsr to theose pro-
duced bty a redused, umitridsi catalyet cperaticd ai 2oEC 2,

Tha effect of synties’a~gan caunpes’tion woon the activity end selectivity of
synthetic-amponle-typs catalyot was ziadlsed in leboratory-scals reactors in teats
of lemg duratZon, In combrest to previous elm’ler tests msmde over very shncrt perl-
odE, “he present rosults irdlcate a dlefinits mdventags 10 using 8 cArbor monoxids-
rich agnthesis gas, The yielde of mathane And rther gaseous hydrosarbors decrsaged
with ‘nereas’ng 00;Hy rallv; at the same time, the averags melasgular welghi of the
roducke ingreased, The ddfferences in the resulte of theee tWo groups of @&t MAY
podeibly Le attritutsd tc 2 conetant catalyet composition during the short teste and
& chengirge mtalys® sompoeiiicn during the long teota,

L atudy was mods of the changea thak cemmr in fused iren ssnthetlc-smmeniae
e eatalyets Auring such frestmentsn ma redistion, czldatlion, and nitriding, The
renuia indisated that the pare volitne rodused drlng requetlun is a result of a
decrengs in voliums aceompanying the trensformetion of magnetite to o% -iron, whersas
ths external volume of the particls remalns oometsnt, 43 the tempereture of the
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reducticn was increased, the sxzarvel volume and zors volmms of the catalret particle
remained eszentially scretent, but the surface =rea decreased, whersfs the pore diam.
pter lnorgaged, Durirng cxidation with wehar vapor, thay catalyat particles did not
shange in macreasccpic dimensicne. Cxidaticn was repld initlally, but the rate de-
erenged to & neglipiblas velues hafore the ratalyst wes completsly pridired; partly
ox'dized samplan peduced st a4 grester rate than the initisl unreduced samplea, When
a catalyat 18 converted o intaratitial phases - for sxewyle, nitrlde and mrochatly
cartide - *he “nteratltial atams expend ths freamewerk of the pore pystem, with the
regult thas volume of mercary displeced, pore volume, and averdgs pBOre d{amsta= ara
lnprevaad,

gate rat-cil Sluary Prosese. - In the eatrlyat-oil slurry process, a powdered
cuta yet 1B auspenied ia an oll thet is nonvoelatils under opereting condisions, and
cxmtheais gas 18 hubbled up Shrough this suapension, rhree different syetens wers
cperated befora the most sultable dssign wam chessn on the basiz of the highest ra-
troducitility of resilts and a minimm of mechaniesl dfffiou"4les,

Tha fivat type of reactor employed a slurry, which was elreulated Ty means of
the gas-1if+ meine’pls., In ths accond resctor dezign, the slurry was clreulated by
meane of 5 meshan’cal pump, Exjeriments carrled sut 1o both of these gystems, how-
ever, usually were interrupted srematurely by asrere oparating di7ficulties starming
from deposition and settling of the satalyst partlcles. :

Eacouse of tho itherent mechenlgal Alffien.ties encountersd with these circu-
lating-zlurry ualts when using mrecipitatad iron catalyetz, & statle-bed type of
reaclor wes constructed that coee net dnvolve gircrlaticn outofde of the refotor.
Zynthes’z gas enterg at the hottom thrcugh & coalesl distributeor, arnd reactor oil
ig perareted from the catalyet by & parous metal filter in the uoper scctlomn.

Work involving the casalyet-oil zlurry process centersd aruvuad the opsraticn of
static-bed slurry units, whick dc cob wtilize elreiiation outside of the reastar.
Tnitlal work with mreslpitated iron catalyste demorstrated that e clrenlating-slurry
IVELAI WeE hot B [reregiisiie Fur urolonged calalys b activity, and, hence, eatisfec-
toryr gtuiies could be made In banch-scaie unite Iin which heet removal 18 et &
sericus problen and without the mecharlesl @lfficultiea that aceompeany aliorry oirpus
le* on. Parellel experiments perfuoraed in tals tench-acale esuipmsnt showed thet
+he results could bte duplisated, and thess wmits wers used, therefore, to evalurte
catalysts and to compare opersting procedursa,

Catelrat davalopment for the slurry procesa hes Ineluded 2] the stuly of
mothede of [retreating precipitated iron catalysta and of maintaining thelr setivl-
tipz, ané [2) the asarch for other materiale - ouch as synthetie-sammonls-type and
irmited-iron-nitrats catalysts - whick would Le suitatls for alurry operation.
Typlorl of the results when precizitated iro catalyate were used were those cbtalned
iuring o 238-hour perisd when o total oll rleld of 129 grams yer cibic meter of feed
pae end & rield of bydrocerbon gases of 7.7 grams per cuble meter of feed gas wers
ohserred, These dats ropressnt e dfstelbutfan of 48 psrcent end 3 percent, respec-
tively, of the carbcn Moroxlds that reastsd, Pretremtment of en jgnitad-nltrata
"Tluff-typs” tror catelyet 1n & menner slm'lar to that normally affordsd pracip: tated
ircn catelyate did pot wroduce a sufficiently active cataiyet. On the other heand,
sxperimonte with & very high egoneentreticn of fine {leaa then 250-mesh) symthet!n-
MrRCTa-tyDe catalyat {1,045 grams of catalyst per liter of slwrry) in & mineral-cil
nigrenalon indicated that & synthetis-ammemia-type catelyst san be satlsfmctorily
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Figure 35. - Thermal-cracking unit.
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reduced and soployed for the gyntheoin of hydrocsérbeono in a slurry aymtem, but thet
gattling o demze cataiysh particles ie w protlem 1o amall gingle-pass tnits, wiers
1ow linser welacitien ere uast.

The atidies of rososs variutiond and opsrating jrocedurss pointed us the
ﬂecesﬂ.]t}.- aof I":-I.Eili -hempgr&turrg acnerol ii'l_lﬂng thﬂ Crit(}&l Pariﬂd wrien the cﬁ-tﬂ-l}rﬂt
.y apmroeching e desired activity. IPrespure-activetion frestment of procipltated
catalyat (300 peg.l.] Tseulted in high wax accumilation in the reeclor, Indnetion
at #0 p.8.1. wes found to be inadequate, but inductlem &% 75 p.s.i. produced the
jesired conversion 8% 9500 2, Tha uwae of earton monoxide-rish symthemia gos during
ths fndscticn period ezpesrs Lo accelerate the inductlon orogeas while at!ll produp-
ing a catrlyst of high activity. C"nereasing the concem¥ration of rrecipitated 1rm
satalyet to S0C instead of the wamal 500 grame per Utsr of slurry produced ths
desired conversleor ot acout oo,

b lerge catelysh-sll alurry reactor (eee figs. 31 and 32) of 13,5 liters caza-
clty was operated with precipitated lren catalyet st a concentratlen of S0C prams
per liter, The catulyat was protrested ln the resctor with resullant cumplete car-
tdlng., After L00 hours o atrsamn, when operations ware suspendsl for alteratlons
+p the s¢ulmmsnt, the cperating temperatire dscremsed from Z35° to 2LE6C ¢, for s
éo-percent C0s-free cuntractlon, and 136 grans of Gyt and 13 grams of J9+0s hydro-
partone wors ohizined per cukldc reser of fresl fesd gaa.

Elgh-presamre f2zed-bed experiments, - Congiructlon of e continucits Tixed-bed
unit deglgied to operats &f presgtres up to 5,000 1.3,1. hee besn conpletad (e
fige. 33 and 34}, This unit w117 e usad primarfly to inveatigate the affects of
mregaure on reaction rate and product dlstribution, fn orienting meripn of experi-
mente woth nitrided frasd-iren gatalysts 18 in progress.

Thermal cxmcking of high-moleguler-welght mroducts, - An exparinental unlit
itige. 35 and 3&) was conetructad Lo mreduce mgcline by thermal-procldng Dresel
oll, Tusl wil, =nd weax products produged dn tke internally cooled converter. The
rerul-e of orlentinz experiments in the thermal-erfcking unit indilcfie that the
eptimen gemdi<lona for cracking a Diesel-oll feadsatock o products with 8 high
mraoline-to-hydrscarton gas retic ere 00 0., 200 p.e.t.z., and = space veloelty
of 12,4 wolumes of oll per how por volume of sonvertsr.

Boact’ cn Mechenlem Studles

Thz Qzp Beactlon; Homelogatlon of Alesghols

The wreoductior of aldehydez, ketores, =nad alechols by the 2diitim of carhor
nonexide and hydrogen to olefina (<he "OXC" reactlon] 1s known to ooour to soms
exters during the syntheeis of aydroceraons ard oxygoerated campounda by the
Flapher-Trortach rrocess. 4s the homologetion reactimm has dmporteant implice—Zone
In tke mechanism of the Flschesr-Tropsch mrosess, comaideratls effort hes been
sXponded during the past yesr in ezudying the mecheniem of the hemologatlon fesil, At
3,000 p.8.1. with equal parte of hydrogen and carbon momoxlds and at 130° to 180° C.,
6lithatic olofinz and slechole remct to form the elechol with one more caraon atom,
¢ I the resction 13 condicted st lower pertlal pressures, the aldebyds with cns more
carbon stom can easily be Zeclated ms the majar prodict, Thus, for sxample, when
octeme-1 wes treated with amthesis ges at 87 p.s.i, EZnitial prezsure, a mixiture of
vonyl aldehvydes and uncaenged cotens was cbiained, Tnder essentlally the esme con-
ditiane, but at 3,000 p,a.d,, a2 mizture of ponyl slechols was obtained virtually
free of aldehydsa,
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