reduced and c¢oployed for tke gymtheslsz of hydrocardemz in a slurry aystem, bul lhekb
;gttliﬂg a7 denge catalyws parblelen g e protlem in =mall single-zass vrdte, wWhers
LW Linesr valoaities era usad,

The stud’es o srocesys veriatioos and cperating mrocedurss pointed un the
peceaz’ fy of rigid terparature poorol durlnz the erdtical pericd wien ths catalyst
im eparosciing the deaired sctivity. TPreasmwre-antlvAtion treatmesnt of precicitoted
satelyst (300 Feg.l.} reaulted in high vax accumalaticn in the veactor. Indugtion
at 50 p.e.1, wag feind to be iradequate, bub indnetlon &t 75 p.2.1. mrodicad the
Aggired comveraion at 230Y 0. The use of eartom monoxide-rich mymthesls gae duripg
the inducticn perliod appecra ic azcolerate the induction wrasees whille atll) produc-

m cataiyst of high =ctlvity. Imereaslng the cuncen'ratlen of recliiated lrom
amtelyet ta 500 inovead of the usual 300 grame der Uter of slurry produged tre
desired comvorelon at abent 2029 (.

L lavze patzlyst-oll alurry reastor (ses figse, 31 end 32) of 13i,% 1itsra cepa-
ciby wen cpereted with rrecipitatad 1ron catalyet &t A concentratien af 500 gramn
per llter, Tas vatalyst wes prsireated in the reector with resultant campiete car-
trding. After 400 houry om strsam, when cperations were suenended for elteratins
o the equlymenk, the cperating temypratirs depcressed from 2359 to 216° O, for 2
§5-percent Cln-fres contrection, and 136 grams of ¢4+ and 13 grams of 31+0, hydro-
cerhong Were obteined per cuble meler of fresh feed gma.

High-preasure fized-bed experimonto, - Donatrueticon of a contimicus Mmed-hod
wmit Tesigned to operate at pressures up Lo 5,000 p.z.1, bus bean completsd (=es
fige. 33 and 3k), Thils inlt will be wsed rrimarily te ‘nvestigate the effects o
preseure on reaction rats and product distrlbubtion, An orienting gerles of exveri-
menta with pitrided fugsd-iron catalyete l1s 1ln arogrods,

Thetmal eraczliag of high-melsculer-welght wodueta. - An experimental unid
{flce, 35 ard 34) was constructesd to produce ghacline by thetma.-wacking Diesel
o1l, Mel 211, end wax products produced 1n the internally cocled converter. The
results of crionting experiments in +the thermal-ecresklng unlt Indicete that the
sptimen comditlons for crssking a Dlesel-ull feedsebock Lo products with 8 high
zageltna-ta-hyvdrosarbon gae ratic are A0 C,, 200 p,e.l.2., and & apace veloolty
of 12,4 volumes of cll per hour per voluma of converter.

Reartion Meghanlem Studlea

The Oxo Feaction: Homologetion of Alconols

The mroducticn of aldehyden, ketemien, and eleochole hy the additiem of carbuom
monexide and hydrogern to clefins {the "OXO" reacztion} ies lmown o occur ho ooms
extent during the aynzhesle of hydrocertens ard oxygsrated compounds by the
Flacher-Tropach procsas. As ths homelogation reaction has impertant dmplisatlons
in tke mecheniem of the Filacher-Trovach yrocesz, conzlderable affort has ween
expendad during the past yeer 1n atudying the mechaniem of the hupelugation teel”, AL
3,000 T.8.1, with equael perte of hydrogen and cerbon menoxiie end &t 1507 to 180° G.,
8lithatls oiefing ard slecholas resct to form the mlochol with one mars carbon etom,
If the remction is conducted at lowsr partial pressures, the aldehyde witn onie more
varteon atom can sasally ba iscleted se the mejJwr prodact. Thue, for exsmple, when
octéne-1 was treeted with aymthssis gee At 875 p.a.i. 1mitial preseure, a mixture of
nenyl aléchydes and urchanged ostens won obtalned, Under espantially the aame con.
ditlone, bat &t 3,000 p.e.l., & miztire of nonyl alcohels was chiained wirtually
frae of £ldehrdes.
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"othougk in most of the work dmme om the OF0 procsse olefine vere 1ded a2 pay
melerdal, 1t ke heen demomdtrated thot oiofing are nob neosszery intsrmadiatea
tr'a paaction, ‘''hus, methsncl resets rapldly to yleld chiofly ethyl aicchol, w
hermzy] nlechol reacsa to yloll abvout 35 percent of AF phenylethyl elecacl, For
trane {wo reactions, ax olefin Intermedtate obvicnzly gould net have besc :Pca-mﬂﬂ_;

In th=s redence of = cobalt cetalyet, ths arder of resctivity off varlous gty
Lz alevhols urdsr CED cmditicne wes determinsd o he fertiary == ascondery =pre
"e wlmoles | primery nlechcl, methyl alechol, however, wos found 4o be arcwslona,
Thel 2t reacte with agntkeala oas more rapidly than sgomdary alcocholia. The dbs
of znpresiehle guaantitles of adegher alschole in ths oroducts from the reactlon of
metanrsl indtecote that sthanol probably would resch slugslably {r the horoloszticn
resosion, “hils was corfivmed Ty experment; & 4,1 percent Fleld of n-propancl and
pmall guactibles o butyl alochela were obte’ned after a Zong perled of roaction,
T+ s "atcesstires Lo aote that the vardety and distributim of producte obhteained
=vom omotiayl alcchel An the homologetin resactlon qove cerlain similsritlea to Lhe
oxvienatod mroducts obteined in the Flacher-Tropscil mrocezz, Bthancl Iz the chief
ciyegeratod produst froam the Flesher -Tropach resctlizn, tnd relatively omall duantl-
lies of mstkyl, provyl, and tutyl alechiols ere Foind, The mreperderancs of ethansl!
prd relatively amal® amounts of methencl, n-propanst, anc Hutancle in the Flzcher-
lropech sroducia may %e aignifiesnt in compar’son with the vapid comverszion of
nsthenc’ snd ¥His slow resctio- of ottanol, which are cherecterictic of the homolo-
mation »enpsicon,

En inpeorbont featire of B OEQ rcaction 1 tie iscmerizetien of tha olsfin
betnee aub‘scted te the roactiga, Thers s apmearsctly o conpecltion betwsem bhydro- !
Terayletiom (e additlon of O sed CHD seross the deuble bond)] and ilscmerization of
tko dc.ble bond, Thie lacwerlsaiion pmeokably e & freo-rmdicsl reectlon ecetelyzed
2y dicozalt ooigearbouyFl, In stbatentiation of thie mechenisn, exusrlmscls shoved
tha< feomerizatisc tock Dlmce when sotalt carbomate was uged as catelyat, Tub that
wher poball geetate wod uged, no tamerdzation ocoeuirred, The differenco betwesn
beray towr of tThese wo oatnliyste 1d Lacughl S0 stem from tae Inability of the aceta
%o fprm the free rac’cel initiater, diccbelt cotacarbayl, unless hydrogen la presed
Cozalt earbanate, howsver, ca form the cerbonyl without hydregen, These frots may
be vl practicowl lmporbance, Lo Lkal & ecmpound with a berminal deuble bond mey be
sorverted into one with an internal double bond and the resultlng compound treated
Wik aymtheals gae to glve only brawched compounds, Both the homolozahtion of aleo-
ks and the dsomsrizetion of cleflne are unaffectad by sulfur compounds, Thig 18
aanzlstant with the nostulsied free redical mechantenm of faeds reocticong,

Tnder he conditlons of the OX0 aymthseia, o€ -, & - unenturated aldchyded Are
not Lydroformylated dut are roduced to the saturated aldehydes ot 125% ¢, and Laen
te the correspending sloccheol at higher tomperstre. Aromatic sleshydes, estconsa, |
axd nlestols yleld ot 180% 0, under OX0 condlticnc, calcfly hydrcearbonn, The aydro”
meration of sromatic Ketomea and aldshydes cecurs, frobebly by & steowige Mecheni=n
with the aramat’s carbenyl somsonnd reduced first to the aleohol, fcliowed hy rodut”
ot of the alechol to the hydvocarten., The Teady redictiorn of srometic alecko’s o
Aydrccervoe and the pecapicnal isolation of the ‘atermediate algokcl surport -2
view, TFrovicus work hes showa that sliphat’c aldenrdes and ketones ars reduced 5°
the alnchal otepe undsr whe same conditiong, ID ¥as redustion 2o a homogeneoar TE-
actlon st mroceeds vim a free-red’cal meckanlsm, hydrogenstion under these condl-
ticne should mod ke adversely effected by suliur compounda, as 18 tho hetorciensoile
satelynis of hydrogenation over a oalid embelyat, Indeed, it wae fcund thet 2-£h10-
phenerIdehyde treated w’ih syathesie gma at 1207 4o 1857 0. was rendily reducsd I
gosd Field to = mixtere of 2-tkrenyl Bleochol and 2-methylihicphene.
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Figure 37. - Continucus OKQ unit.
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attomrta o reduse nitre smrpoundas with synthesls gmo under RO corditions L=
duced the folluwlig resulls: When nitrobenzens waa irested with symthesis gasz at
1868 @, 1n the Tressnce cf ¢obaltoun asstate, no reactlion coccurred, nor 4id veac-ico
Qoour Waen copRlt corhonece wAY naed. HEsminaiicon of the resciion mretuctas An hath
ipetances rovealed thal the cobalt selt had not reacted btu form zebalt carbonyl, tho
ggzentisel satalyat fer the rednsilon, Adddtion of mitrobenzene im amall amounts +o
octene-1 and cobalt acetate wad fornd to pravent the OFO resction from taXing rplace.
famal ame.asla of nitrchercens &lso preventsl the reductlon of alishkydes and kolores.
In bots cased, no cobelt cerbanyl wae formed fronm the cobely salt used as catalyst,
Fowovrer , wnen omall amounts of ol-robenzens were mdded %o A soluticon of preformod
dicobalt ostacerbeonyl in cotens-l, tke 0E0 renction tock place =t the tagsl tempers-
fres and at the veunl rate, It o evident, thersfore, that nitroberzens rrevenie
the Tormation of eoha’h actacarbonyl from cockalt aslts but desa not intarfers witk
the wawel oetelistic action of cobalt carbonyl. Egulpmont empleycd 2n studying te
hemeologetion reactlon ie shown In Flgures 3T and 38,

Primary O¥ymenatad Praduets from Tror Oatalyats

™n syrntheals over lron catelyets most of the OXygen compuied Appesrs as eerlon
diokide., It i3 of 1ntarest 1n detrrmining the mechaniem o the synhesis %0 8Rcer-
{aln wkether thia corvcan dicxlfc Im 8 primary prodwst of the reactiom
20 + rHy = (CH,) . + nfo,

or Whether water {3 the primery ozygeheted mroduct, formlng carbor dloxide by =
necondgry watar-gag shift reochion,

nle + 2rHa = (CHply + :Fp0

rﬁz{:‘ + i I'IE'E'E. + Z'.IHE

EoCO + mHy = (CB,)  + nbd,

Loburatory -acalu wxperifments uslog aynbthe .ic-amuonis- L pe catalyat showsed that
the ratis of water to forlon dioxido 1n the product was dlgtinstly higher when ths
water wao pontiruonely removed by freazing an when the circulating sseea wers
@lluwal Lo becdts sal.ocaled wth waler vapor a5 room lemporeiores, Tuder thesc oon-
A ftiona, the partial preasure of water dld act oxceesed 24 mm., or akout 2,5 povaernt
of the total peeasura, avan ab tie oard of the catalyat hed,  The data shoew thew <he
fraction of tobal oXpmen soins to water i3 abonk twice 28 great for the Gwo oxpori-
manta !r which watcr was continscusly removed a3 for the three sxpsrimsrcta 1wn whiclh
Lt owas allowed toe aatuwate the ayatam.  Tn tha latter axperiments, She averags Teed
gas wos pich in hydroger snd the meoduet high “n oearsom dfexide. The cmall parsial
measzire of vater eppoara to have hzen more than enough it theas cdass to overlalseics
tae effect of cmrichmont in hyirogen. The results indicats atrongly that et lenst
wart of +tho oerton dicz’de 1r the preducta sriscs from & secondary welor-ges-#hifh
roaction, and, furtiermers, that ths partinl pressure of water nced not be Tory kil
For thie reectiocn %0 teko plase at a conoideratlc rate.

Partis patlon of Olefina in the Sinthesis

Laroratory-acale experimentn designec to dexmmsfrate to what extsrt butene--
(6nd olefira in gonersl) participates n the zynihesis of hydeosarhens from carbun
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memceiis snd hydrogen showed that aver both zcbalt and iran ecafalysts the prnect
pogesisr of dutene-l was hrrogensticn to birtans. The btatens wea relatively more
reasslve tm the cobelt than on the iron, but in ns case wAy a hign degree OF conver-
gicn to pentene ulwerved, Although the quantities lnvelved in thene gEperimenta
wore too mmall to be rezardsid me sccurats reawlts, Tran the practicel viewpaint 14
ocems Tksly thet the adiition of large smourte of low-bolling olafins te normal
aynthesis gme in sn el lurt tu ecorvert the olefine +o heavier producis will regrlt
in &8 hizh dsgrse of hydrogenatian.,

Charagterlzation of Products from the Hydropenation
of Carbon Monc=xtds

Cherneterd sation of the preducts chtained from the Ztanclind Flacher-Tropach
progage - which differs From the mrocesses telng studled In the Dureau laboratorion,
in that & flp1dfzed Wel of cetalyst particles 18 emoloyed - bas been cotlnued along
two lincn, fa the weealt of consultatlons with the Standerd 0il Co, of Irdlana, it
wne pgreed thal detallsd sxemimmtico of these mroducts would be confined in the
Pureal labaratorles to the clefinic snd arcmetlc compenents, thoss Iracticma om which
the Buroau and Standard Qi1 date ware not agresd. Aceordingly, with the &elp cof
roduct semples end leboaratory data suppliod b the Standsrd 021 Co, of Indisna,
Furesu ressarch oo the olefinic constituente hme hsen conpleled, end thet inve-ving
the arcmatic sonsbltuents is woli under way.

The developusnt of & method for thie sepsrativn of Lhe arcmatlc rartleon of Hae
oll sredusts invelves adsarptlcor of the oll fraction under inveatipatlion on silice
gel “ollowed by eluticn with the roper samtimatien of gelvanta., Fallewirg the
geparetion of the al phabics from Lhe oxygensted conpourde and oromstlez by ol dece-
gel adecrpticn, the total olefln scnteats of the dlstilled 3tenclind fractiimme wers
dstarmined 2a the average of three metiods, namely, Fydrogaration, bramine mamber
de lorminalivn, and infrared analysis, These results, recaloulzted tc <he erigiral
frections, weres in suhatentially good agreement.

The resulta obialinsd by appliying thess enelyticel ircoedurss to the origiensl,
unirented frections dipsgresd, unferastsndably, because of the resencs of oxygensted
cottpomnda,  Trdrogenatien and determ' mation of the bromine number of untreated sam-
plas rroduced resnlts that ware proh?hltively migh; those from the Infrared mstfied,
which dues oot suffor as mugk from the interference of oaygenated compounds, wWere
muck lower, In fact, the results chbtalned by irfrered apaiyeiaz of urtrsateld frec-
tlona are gonsrally low amparsd te the orignal date orn the corresponding treated
pamples, tut they ars in falr sgreemsnt. The largeat dloercpancy wis found In the
fraetion boiling frem 100° to 1509 C,; en olefin content of 61.1 percent was dbtatned
a9 &1 everage of the thres metheds on the tresited fraction, end an olefin conteny of
51,5 percent was oltealined Ty infrared mmmlysia of the actreated fractian.,

Tnfrared dete alzc hava heon chiained foar a2 fractionsted product fronm the
internally cocled comverter and have been celculated to the sams bealm ma thoszs of
the Stanclind product frections, Thede data not only zive valiue for total olellnsg
bt alec provide A breskdown Into terminal, Internal, ard brarched torminal clsfins.
A Adreot somparison setwesc the infrarad data for tho produst frem the Intermally
coolsd converter end those for Stanolind product showa that ths percenlags of tobal
olafing i= higher ir the 2%snclind fractlone with termiral and tranched-terminal
olefine predmminating, Intornel siefins are meeesnt in the Stereolind fracticns in
very small ciucentrations and are sprreclably loss than the internal olefina prezcnt
In the fractions from the Internally cooled comverter, A study of the contenta of
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' potonss and/or acida, esters, and elechels in tho products of the two proces’gs re-
voels thes the Stanol nd mrodunt ia eignificantly rlcisr n ketonas end/for acids and
' aoteTad, particulariy in the bigher-koliing feactiong, Tha lewsr alechol contents of
e Htanclind fractilons may be attrissted to water-washing of the product and spera-
i tlon &t higrer temparatures.

cempariscn of the welght-peresnt dlatriltutlion of the rreducte from the Starclingd
and internally cooled gonverter procesees Is interesting, The maximum ameunt of the
ctanoiind produet (26,4 percert) bolla in the range 60° to 100% ¢,, whereas ths prod-
pot from the iniernally ccoled corverter ylalda a maximum {i2.L persent} in the range
100% to 150% ¢, [Although a value of 15.7 nereent was cbialied between O und 609 0,
for the mrodict from the internally cooled comverter, this Includes tha ) hydrccsrbone
obteined from the charceml-trap liquid, Tha Stanolind product was stabilized to aliml-
pete thess cumpounds.)} The amcunt of residue {that fracticn boiling mhove 3207 C.) waa
ponrd, to be much lerger for the product from the Internally cooled comwerter (3€.2 per-
conb} than For the Stanolind product (6.0 pereent), Distillation equipment is ghown in

figuro 39.

Irwestigetion of B methed for soovelting leotutens And iscopentenas Into the
respective chluridss, which ars aspareted fran the remaining mixturs of hydrccarbons
bafore It ig enalyzed by meens of the masa spectromster, suggests that this technique
mar be aprdied to the Ansdyalas of products freom the Fleacher-TroTech synthesia, Such
an anelryeis kas been compllgated herstolors by the eimilarlty of <he moas spectra of
the outeme socrpounés, he #ois plared by spsetropetric boechndguss in the gharacter-
imatler nf ¥ acher -Trepach mroducts hes been most imoortant [aee iz, W), - Much of
th'a analytical equizment bas besn showr Iin previous antmal reparts.

Synthsala of Liguld Faels by Hydragenatia of Coal

Frogenon Developnsnt

Hleot-ziant Orarations

fuel-ril production, - The liguid-prhase cogX-hrdrogensticn pllot plant waa
cperated w th 6 geries of catalyate to determine thelr relative efficlenclas for
the hydroge-miior of Rock Springe roal at LEOY O, and 1,500 p.s.1. to wroduze a
hesvy fel oil, TUsing a cofl-cll paste eontalning 35 percent of co=l, the resulta
1nd’ cated thet -hese catalyats, when Imprestated o the coal, were decresasingly
affective with respoct 4o zoal lfguefactlion and aechelt removal, in the following
créisr; Amucniun melytdate, staonous chlorlde, nlcksious chlorlde, acd ferpsus sul-
fats, Oomparlacm of thess results with 4o rlelds obtained In tests made at 3,500
T.8.1, show that the ligusfaction of eoel la Ineressed signifieansly with prsgsurs,
This procedurs for predoctlon of & Mo, 3 o 6 fuel oll ot L,300 poo.i. 1 gulteo
sperebls Ard mAF be important in smergencies for fuel-c’l prodicticn ln plases llke
Augtralia ar South A%r1ca, wharse scal bit ne petroleum devoslta exist.

Middle-cil mroductisn, - The liquid-phase pilat plaat wss then uperated to pro-
duce & middle-coil product uaing *he most eff“cisnt catalyet of the series, amonium
Dolybdate, and meintalning the heavy-cil frar at & temperature of 300 0, TUeing a
nelybdenun consentration of 0.5 pereent Ampregnated o Bock Smrings coel and maln-
teining conditions of 440% &, and 1,500 poe.l., & "midlle-oll” product wad Shiained
that rengsd from 3% to 3% percent, bamed on moistwre- and srk-frae (m.a.f.) coal.

In addifion, about 15 percent mare centrifuzal heavy ofl wan obtalned (27 percsnot
nere hased on m.a.f, cosl}l than was required for wreparing the rasts punped Into
the hgh-mreamirs plamt, About half thia axcens heavy oll waa collsgted a8 exosss
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