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We, Brampasen Omm  DevEnorumNt
Courany, o Corporation. duly orgenised
and existing under the Laws of the Stute
of Delaware, United States of America,
having an office al Elizabeth, New
Jersey, United States of Americs, do
bereby declare the nature of this
invention and iv what manner the
same ig to be performed, to be particu-
larly described wnd ascerisined in and
by the following statement;—

The present invention relates to a
calalytic process for synthosizing hydro-
carbons and oxygenuled hydrocarhona
from hydrogen and the oxides of earbon.
1n pariieular, Whug inveufion relates to
careying oug the iforegoing synthesin in
the presence of o fuicized bed of
powdered ion vatalyst under conditions
suck that goed yielos of desired producis
ure obtamed and &l the same illle dis-
integruiion omd fragmentafion of the
puwdered Jjron eatalyst, comprinng o
nuidized bed thersof, is materialiy
reduead, .

At the present time, onsiderable
veseurch, is being eonducted in the neld
of hydrocarbon syntiesis employing fluid
eatalyst technique, The catalyst is iron
contalning promobtions] amounts of
nwwn activators such ag K0, KF, and
others. The zeaction bewween ihe
hydrogen and the oxides ¢f carhon is one
which rosults in catulyst disintegration
or tragmentation due to the deposition of
corbon in some form thereon. The
powderad iron should not contuin a pre-
ponderance i catalyst particle fines,
and, in faot, sbould: not condain moww
than about 20% of catalyst baving a par-
ticle siza from 0 to 20 mivrons, simece a
materiaily greater gquantity of fnes than
that indieated remders ‘t]}e q_atalyst nol-
adaptabie for good fluidization. It can
thus be geen that the physical disintegra-
tivn of the satalyst is & highly undesir-
able Tesult, .

In brief cumpass, the present improve-
ments involve retarding or deluying the

[Price 2[-]

deposition of carbonuceons maverial on
the catelyst und thercby retarding or
delaying ibs physical disintegraiion, by
frei pretreating the catalyst, in the renc-
ton zome or oulside it, with a feed gas
containing relatively large quantities o
Lydrogen with respect 4o the carbon
wonoside, uud thereaffer reducing the
rativ of hydrogen to carcon menoxide
when the catalyst hag acquived pegist-
ance to fragmentation. During the pre-
conditioning of the catalyst with 2 ayu-
thesis gus containing a relatively high,
ratio of hydrogen to earbom mancxide,
even though the procesg is operated under
synthesiy . conditions of temperature,
pressure and eontaci time, the yiclds are
reigtively low; buty ulfer the aforesaid
precondivicning {reatmeny of the catalyst
has heen accomplished, the yieids of
desired materials, sush as normally
liguid hydrocarinons - and oxygenated
hydrocarbons, i incressed fov 4 saldsiac-
tory level by reducing ihe zativ of
bydrogen to carbun monoxids in the gyn-
thesly gas. During the preconditioning
period a high hydrogen partial pressure
1s maintained in the reaoction, zone, but
this ie lowered by lowering the ratic of
liydrogen to carbon monoxide in the
fresty feed in order to obtain hiph yields
after {he preconditioning period is ower.
The muin objcct of Lhe preseni jnven-
tivn, therefore, -1z to operate a hydro-
carhon synthesis procesy employing the
fluid eatalyst technique under such con-
ditions fhat fragmeniation of §he
catalyst is repressed, .
{rther and further objecls of the
Inveniion will appear hereinafter,
Bofore setting. forth a detailed des-
cription. of the several runs which were
made in conbeclion with the present
invention, it is. deemed advisable to
define some of the fermg lo be used in
connection with the said description,
In the firef place, by * fluid cafalyst
technique ** is meant that type of opera-
tion in which a gasiform material is
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caused to flow upwaidly in the cutalyst

zoge wutainingh o powdered catalylic
material at such z fHow rate that the
catalysy in powdered form is maintained
in the form of a demse, ebuilient tur
bulent suspensiom.

Ay heretnatier used, the term $yn-
{hosiy gas ** refers o the iresh feed gas

B

o ihe reacilon zoue, and the most
important constituents thereoi are

hydrogen and varbon monozide, although

it may contain winor amounis of Dur-
maliy paseous hydrovurbons, sums wa2ieT
ald evenR s0me nitvogel. [ operating
this process, it aas besn found thav It
should comiajn unly 2 small amount of
carton dioxzide, preierabiy 2% or less.
_ In the accompunying drawing, ihere
is shown diagrammativelly, an appardius
in wiaich o preferred muuliication, af bhis
iuvenlipn may he corried inio eieol.
Heferring 1 detail 10 the drawing (1
TepTeseRis a Yemowr Provideu @y SLowR
with a grid o screea () aund containing
a pogy of powdered iron eatalyet (L) it
the aorm ¢f 2 Huldized mass of Ged.
pyuticsia gas eliely ine sysiem through
ling {2 aitd 15 diseharged 1Dio Liie boviul
of Teagior {1 wiere 15 passes upwircly at
5 sutiiclentiy low supericiai veloviey 10

oL the dense, Haitlzed Mass PTEVIGUSy

referred to. Lhis duidized mgss O DG
wili have gn 4pper Geise Bikse fovel &
pome polat {Llg, depenmug UYLOL wHe
supsrioial gas velecyy ana the avtunl

welgilh, O AMOWNE of catalyse 18 the
Freferaliy ghere 13 o sabsiald-’

FERULOL.
tinl fistalee betvweel tie upper dezse
phase level {4y anc the up of the
Teactor in which the more dilute prass of
cutalyst exisis ang wiiell m eficv. oper-
ates as 4 catalyst alsclgagliy Jpace, ior
1% 13 ylie Purpose oOf S0 OpETATIDy SUGL &
process aw to effeet a separasioy, of toe
wain hulk of catalyst irom e veastol
sigre Tae orude FCaction prodwets or
vapors exit from the suld reacior, Ao
oftent a further sepaTalich o caialysi
{rom vapors passing out oi the Teasior, Iv
is good praciice tw dispose ib the iop of
the reaciuy a pinrality of solids separal-
ing aevices (1) which may be, for
exunple, ceutrilugal separators throtigs
wilich the wapods ut gases are forced fof
the purpose of sepRruling additional
guontities uf emiTaiued catalyst sud
retwning them ihrough Gip-pipes fo the
dense phase levei. Tlhe produci vepors
gre then withdrawa through line (5}, dis-
charged nsually into o cooler {§), where
they are cooled below the conGensatlon
temperature of _ €
drawn, through line (7) and diveharged
into & product purification and recovery
sywlem (8) wherein desired products sueh

water and then with-

as gasoline, gus oil, various uxygenated
compounds and the liie, may be sub-
jected to Fractiowul distillation und
recoversd wecording to lmewn provedure.
it should Le poinved out, of course, that
the provess rosults in. the produesion ni
waler and oxygeRated compounds which
are soluble In the water. There are
othev oxygenaved compounds which are
soluble in, or associated with, the oil, but
the recovery of these oxygenated hydro-
carbons may be accumplished accardinge
to known means, and since the present
improvements qo no: go %0 tha. pbase of
ihe operalivn, it wili not he necessary o
describe suck producy recovery in detail
herein. )

Boferring sgain fo the recovery apjrr-
atus (&), av least a poriion es the wacnd-
densed guses nre renyeted via line () To
line 3 for furtiter use in the process. It
gther words, the geses in lime (9 mag,
god usually do, coniain some WNCOU-
verted hydrogen und carbon momoside,

4 N

Tt is oi course, desirable to return this

‘material for ecchomical reasens fo the

reacior (G secure gomplese conversica of
unreacied maierial. Lie reeyele gus wili
also contain normally goassous  hydi-
earbons. .

Set fupth below ave seeral runs whick
were made, OF Irafasr several phases of
the same general run, in oIder 1o wst tic
utility of this inveseom, In these raps
a synibetic ammonin tutalyst  (used
magnetits) promoted with 0.7 weight pev
gent; of potassimm. eardomabe Luporieq as
I} was smployed. Dariag the vardous
perinds or paases of the ran Wiich are
about o be desceibed, the rtempuratuie
wos Dradniniped atf about (90 I. znd w
tuinl pressure of 400 punnds{sg. inch wWas
majntained in the reaction zoue, During
the perivds, & = superficicl 7 gus veloelly
of about L fest per seeond wos matiu-
tained in ihe rescilon zone in all buv vue
of the periods.

) Prrion A,

During thizs period, which coverd a
period of 186 Jiouvs, the fresl Tesd gas,
the gas in Line (%), hkad 2 liydregen iu
carbon mewszidc refic of H31 1o L,
whereas the tolul fred had 2 hydrogen 1o
earbon monoxide ratio whizh varicd dur-
ing the rmn fram § fo 10 mels of
Lydeogen per mol of carbap monexide,
The recyele ratio, thet is, the ratio of 1lie
volumes of gas fed tu the r2aciur frow
ling (%), eompared with those eutering
through fresh feeg lime (), waus 2 tu L.
In other words, for every 3 volumes of
gas enlerimg the reacior, 2 of these
volumes was malerizl reeyeled through
line (8;. The hydrogen purtial pressure
of lhe gas entering the reacior was 273
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pounds shsolute. During Peried A, 0.2,
grams of carbon was formed on the
vatalyst per enbic meter of carbon
monoxide and hydrogen vomsumed. At
5 the end of this perod u represeniative
suniple of the catulyst wag removed from
the reactor ang it was fownd thai it con-
tained 3.3 weigh{ per cent, earbon hased
on the cotalyst, éhat the demsity of the
18 catalyst was virtually uncoenged, tbe
fresh, canlyst vharged to the reactor hav-
ing a density of 2.4 grams per ce.,
while that removed at the end of ithe
period had o density of 2.35, Theve was,

16 therefore, ne expansion of the cotalyst,
and the upper dense phase level (corre-
sponding to (L in the drawing) did not

rise, indicating thal therc was virtually

no frogmentation of the catalyst, that
20 the iron catalyst remained in a woli-
flnidized condition aad toaf the process
- operated satisfactorily, While the yields
of desired produet wers low, namely 114
cubie centrmeters of U, hydrocarbons
#5 per ecubic meter of hydrogen snd earbon
monexide vomverted, nevertheless the
provess was deemed to huve operated
satistacticezly during this initial stags,
for the purpose wos to condifion the
86 cufalyst so as to make ii resistant fo
phyaswal disinlegration anl the forma-
tion of subsiantlal quaniities of fines,

Prrion 1.
In thig peried, the same peeyele vatio
55 was employed us in KPesiod A, and
" furthermore, the same conditious of tem-
perature and pressure were maintained
m the reaction zone. ‘Jhe ratie of
hydroges to carben monoxide in the
46 tresh feed was 3.4 mols of hydrogen per
wol of carbon monoxide zda from 5 to
6.0 mols of bydrogen par inol of carbon
modaxiue ware maintamed in the {otal
feod 1n vhis peried. A hydrogen poztial
45 Pressure o) 220 pounds absolute pre-
vailed at the powmt where the pgases
entered the reactior. The length oi this
period was I hours, 1t was noled thut
the produciion of earbonaceous mateslal
g0 on tue cutulyst was even lower in {his
perivd than i Period A, for amalysis
siiowed thay (L1), grams of carbon per
cubio mster of carbon monoxide and
hydrogen copsumed were formed 0n ihe
gy catalyst.  1b was also noled fhot there
was virtunlly np czpension of the flnid
caialyst bed, that iz to say, the upper
denge phase level did not rise, and that
o sample of the catalyst withdrawn from
ga the reactor at the end of the run bad 2
. density of 227 grams per cubig centi-
meter. Analysis showed that the calalyst
contained & weight per cent, -garbon-
ueeous laterial ased on the catalyst.

The yialds during this jI:ue:'uit:ul show an
improvement, namely 29 cubic centi-
weters of U, hydrocarbong and axygen-
ated hydroearbons (exclusive of water
phase) were ohiained.

] Perron C.

In this period, the samec reeycle ratio,
nawely 2:1, wag employed, the tempera-
ture aad pressure were also the same as
in Periodg & and B. #ub in thig run ihe
mulecular ratip of hydrogen g carban
monoxide wag recuced, tus fresh feed
having a ratio of 2.1 moly of hydrogen
per o of carbun monoxide, wherens the
fotal feed had frora 5.7 lo 4.3 mols of
hydrogen, 'lhe hydrogen purial pres-
sure quring this period was zomewhat
towsr, being 187 pouncs per square inch

cabsolute.  During this period, 0.16

glams O0f carbon per cuble weler of carbon
monoXue angd hydrogen eonverted wera
ioimed on tihe catalyst.' A yieid of 174
cublg centimeters of U,+ hwirocarbons
and oxygemaied hyurvcarbong (exolusive
Of Water phuse) were formed during ilus
Zerrod U, wiieh extenaed lor 244 nours.
During this périod, there was a S0
eEjiansion in tite depih of the bad, thet 19
to 53y, the upper cense phase levol rose
to that extent. An analysis of the
eatalyst showed that it contained 13.3
WEIEHL per cent. carbon based on the
catalyst and thab its deusity wag 1.9,

~_ Penmoo D.

Tu Feriod 1), the some recycle ratio,
Sume iemperature, saIne pressure snd
virtnaily  tie asame supertfiomal gus
velocity in the reasior were mamiained
2z i whe prior pertods, buf here the
hydrugen to carnon MonoXiue ratio in the
tresh feed was. reducew o 1.4 molg of
Lydrogen per mol oi carbun moaoxide;
and in tic feful Teed, fram 3 o 3.5 wals
of hyuwrupen per mol of carboa munoxide
were present. ile-hydrogen partsl pres-
surz was 17U pounds per square inch
absointe. During this pericd, which
exwended for 208 hours, 0.24 grams of
cardoRl per cubic meter of garbon
moiwzite and -hydrogen consumed were
tormed on fhe cafalysi, The yield wos
Lis eubic centmneters of C,+ hydvo-
carbons  per cubic meier of eoarbon
monoxide and hydrogen cohgumed, A
sumple reimoved at the end of the Tun
fiom tie reacior und analysed ghowed
that the saime contained 23.Y weighy per
cent, of carbonacesus matertal “yn
catalyst, that the density of the catalysi
as removed was 1.4 groms per cubic
centimeter, During +this period, the
getss phass suspension or Huidized bed
sxpanded 60%, - .
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Pgrron L.

In Perivd E, the same recyele zatio,
sdi)e temperalure, same plressure and
virtusily the same superficial gas velocigy
in the reactor were mainfained as in {he
prior periods, but here the hydrogen i
the fresk ieed waos 1.5 mols of iiydregen
per mol of carbon monexide; gn in the
totul feed from 2.1 to 2.3 volumes of
hydrogen per volume uf carbon mon-
gxide, The hydrogen paridal pressure
during this period was 129 pounds per
syuare inch., During this period, whieh
extended threugh U Lous, 02§ grams
of carben per cubie mejer of hydrogen
aind carbon mopozide cobsumed weze
laid down o, tie cataiyst, ‘Lhe yield wus
I8y ee, of 8,4 bhydrocarbuns per cubic
meter of Aydrogen angd earbou Ronoxide
consumed, Ab the expiratzon of ihis
period, ihe cutulyst contained 42 weight
per ceni. carbomaceous ipulerial, thag is
to say, sarbon i an exlractable lorm,
carbon in the form oi iren carbuie, and
earbon waich was neitier exiractable nor
in the form. of ivon cerbide.

Prrion F.

in thiy period, the swme eondiiions of
{emperuiire 2l pressule Weis enpoyed
as 1o chie previous periods, bub tae recyels
PaTlg Wils ILCCEWsed wp 0 O volumes of
vecyule mocerial per veoindue vl Jresii
feed. ‘Lhe hydrogen in the fresh feed
bad o mel reito of &1 wrth respeot 10 Wlie
cavidon monoxide; aud ine ofal Ieeq,
trom 3 i 3.3:1. In s pericd, the
Lydrogen parflal pressure was o pownds,
Lue space velacity wus somewhal lower
siere, also being or the order of 0.38 feet
peir  seecond expressed as  supericial
veloeity, During the run, 1.4 grams of
carbon was formed per cubic meter of
Lyircgen oand carbon monexide wcon-
sameu, Lthe yield was ig4 cubic cenil-
Meiers of Uy Lydrocarbong, The duia-
twn of this period was 138 hours. Dur-

iug il wme, the expsnsivn of the denss

phase suspension or bad was (6%,

in order to cemonstraie the unprove-
meni siuanaile by preconditioning the
catalyst, consiver the run made pelaw
under tue condifions set forth below,
compurable to Yeriod ¥, exeepi that the
catuyst was not preconditiened, as
foliowa:— -

Operating with LS1 H.{CO in the
frash feed, 7{1 recyele ratio, and 74 psig.
hydrogen partial pressurc, the yiclds of

Period ASTH O.T,
D G40 7l.4
E 6.5 1.9
K 60.6 724

e,

ASTH +2ee. TEL

Cat rl‘z,s-'éruuarbmls and carbon were 188
O+
H,+ CD consumed, and 7.5 gzams earbon
Ter cubie meter H,+C0 cousnmed. It
will be noted that more earbon accumul-
ated un the catalysi that haJ net heen
preconditioned (compare 7.5 grams
vacbon per cubie meter H.+-CO eon-
sumed). In other words, u catalyst Lhat
Las been precondifiomed can be used at
the {ypically severe conditions of a
Lhydrucurbon synthesig reactien with lesy
carbor formation than one whick has ol
been so conditioned,

Tt will be notal that in the immedi-
alely preceding ruem, carbonr formation
was 7.3 grams per cubie weter of H, + (0
congumad, wherens In Period F, tlie
earhon formation on the same basiy wus
merely 1.4, In ether words, the precon-
ditioning uf the eatalyst as indicuted in

Perivd F, very definitely desrepses rate

vi carbon, formation on the watalysi.
The resuifs of the runs lndicate that

improved by subjecting the ecatalysy o
w precouditioning {reatment with syne
thesis poses nnuer synthesizing condi-
froms, the synthesis gas, however, courain.

Jing 8 relulively large proporiion of

bhydrogen with respest to carbon mon-
vzide, This proportion shouid be ut
leust 2.5 and prefcrably more thaa 3 mois
of hyrirogen Per mol vl curon mouoxide,
Between 4,0 amd 1G mels of oydrogen
per 1ol oi carbun mosvzide iy partren-
larly prelerred. The preconditioning
pertod shuuld extend from I0 te JOU
hours, preferably from ) to 206G hours,
during  whish precondidoning period
relgtively low yields of desired products
may be expected. Following ine pre.

_condifioning period the ratic of hydrogen

to carhom, monoxide in the total feed way
be reduced to the opder of 2 mols of
hydrogea per mol of carbon monoxide or
lower, ana in this maoner the yields of
desirable predueig sweh os €+ hydre-
carbong will he increased. Consequentiy,
the datu shew thay the precenditivning
period permlits satisiuctory operation of
the proeess wilh high yields of desirved
producty in the produciive phase, with
good resisiance of catalyst to fragmenta-
tion and the prodection of u gasoling
fraction of high anti-detonation yunality.
Awu ingpection of the gasoline product
duriug the periods below indieated ig as
follows ; —

Ttes, Clear Ties.q Z2ce. THI, RVYP
2.0 614 6.7
74.8 23.¢ 6.6

82.8 6.4

2.0

hydrocardens per cuabic meter 69

)

70

20

“the hydrocarbon yynthesiy process iy be .

85

st

SLLY

108

1I¢

il



654,492 5

By suitable ireating, Res. clear 0. N. can
be raised to 90 or better,
Another fegfure of this invention is
that during the several periods described,
b oxygenated hydrocsrbons were Formed.
For example, during Period A, gen-
ated compounds were found in boih the
oil and waler layers. During Period A,
13 ve, vzygenaied compounds (caleulated

10 ag ethyl alechol} per ecubie meter of
H,+00 consomed were found in fhe
water layer. In Period B, o similur
amount of oxygenated cowpounds were
found. Tn Period C, 27 cc. ethyl dloahol

16 were found; in Paeriod D, 28 ec. ethyl
aloohol; in Period B, 22 cc.; end in
Poriod T, 14 co.

ile  improvements in cobnection
with s synthetic ammonia catalyst have

2@ heen described in detail, it will bs under-
stood that other forms of iron may he
used, suck as pyritey ash, red iron oxide
or precipitated iwom.

lse, these improvements include von-

5 tinuons adjustment of tha H, to CO ratio
during the synthesis proceass, thai is fo
say, conducting the operation so thai the
H%Efo CO ratio mey be changed without
interrupting the provess. .

80 To recapifulate, this invention relates
fe operating a hydrocarhon synthesis
proesss 1n Huidized operation ysing 3
powdered 1ron catalyst under conditions
such that mood yields are obtained by the

BE severe conditioms, that iz high tempera-
ture (600° F, and above), high pressares
(350 Ibs./sq. ineh and above) and rela-
tively low rubios of hydrogen to carbon
monoxide (below 2:1) and at the same

4) time prevent serious physical disintegra-
tion of the powdered iron catalyss.

Having now particularly deseribad and
ascerbained the neture of our said inven-

. tion and in whai manner the same is to

45 be performed, we declare that what we

claim, js:— L

1. A method of synthesizing hydro.

carbons and coxygenated hydrocazrbons
from & gas mizdure contalning hydrogen
and sarbon monnxide which comprises 50
contacting the said ges mixbure with a
flnidized bed of powdered iron catalyst in

a repotion zone zt an elevated tempera-
ture end pressure comprizing first sub-
jesting the catalyst to a preconditioning 55
treatment substantially at synthesis eon-
ditiong of temperature and pressure with

3 gas mixture epnteining o molar ratio of
hydrogen to carbon monoxide of at least
2.5 and preferably more than 3 mele- 60
cules of hydrogen per molecule of carbon
monoxide whereby ‘the vatalyst is con-
verted into o form resistant o frag-
mentation and therempon rontinuing the
gynthesis process with a gay mixture con- 60
taining a lower ratio of hydrogen o
carbon monozide, preferably about 2
malecules of hydrogen per molecule of
caThon monexide.

2. A methed ss claimed in claim 1 78
wherein the molacular ratio of hydrogen
$o carbon momoxide in the precondition-
ing treatment iz between 3.5 and 10 v 1.

8. A method as olaimed in either of
elaims 1 or 2 whorein the preconditioning 75
trentwent ig conducled for a period of
from 10 {o 300 hours, preferably from 40
to 200 howurs.

4. A method es claimed in any of
claimg 1 fo 3 wherein the precondition. 80
ing trestment is conducied undsr a tofal
pressure of gver 360 Ihs. [aq. inch, prefer
ably aboui 400 1bs. /sg. 1nok.

8, A method of gymthesizing hydro-
carbons gond. oxygenated hydrocarbons dk
from gas mixbures containing hydreogen
aund carbon monoxide as ‘hereinbefors
described,

Dated this 26th day of July, 1948,
DAVID I, CROSS,
Brettenham House, Lonecaster Plare,
London, W.0.2,

Agent for the Applisants,
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