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.

. ‘The precent invention.relates to én Lnproves-
ment in the methods of carrying out the cafalytic
unilon of carbon oxides and hydrbgen to-produce hydro-
carbons of more Than two carbon atoms and oxygenated
deorivatlves fhefeof énd more espécially the invention
rolates to the method of cohducting the rcaﬁt}on with
catalyste in fluldized form and to euch catalyets thom-
golves. The ianvention will will be more fully undor-
gtood from the followlng Qoscription and drawing.

The drawing 18 a seml—d;agrammatic view in
goctional olovatién ghowing an apparatus for the roduce
tion’of oorbon monoxide with hydrogen in vhich the
eatalyst ig omploycd in a fluldlzed form.

_ ﬁurihg.tﬁé pastrfbﬁ yoars much attention hes
beon directed to an luproved method for conducting
chcmicgl‘rqaotions ip the gne phase with catal&ats in
fluldized form, by which 1t is meant that a finely
dividod catalyst is disporsod throughout the‘feacting

gas mixturo to form a donoe suspension which fiows

" . through the apparatus like o liquid, shéwing both dyna~

‘mic ‘and statlc heads. Such n system has been succssa-

fully spplicd on a large scale to the eracking of hydro-.
carbon olls and to othor roactions as well,

1t ;é of great importance to maintain the
Idatalyst in tho roactor in a good conditilon of fluidiza-
flon-sinoo thig insurcs uniformity of tomperaturc end
presgure throughout a8 woll as constant conditions whlch

leand to improved yield and efflcleoncy in the operation.
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In abttempting to apply the gysten to tho
gynthesls of hydrocarbons and oxygonated derivatives
by the reduction of carbon oxidag with hydrogen, it
has bcen found that certain unexpected difficulties
havo arisen whioch appear to be peoullar to this parti—
cular reaction, cepecially when attemptcd on a large
goalo by which. it is meant of a commercial sizo and
congidorably largof than would orﬁinarily be performod
in the laboratony$ |
To 11lustratc tho typos of difficultics which

ara found, 1t mey be atatod that the size distributlon |
of the catalyst poartieles has been found to bo of

groot signif;canoo whore ‘1t appears to bo much loas
important in other roactiong. In cortain carofully
controllad oxpcrimonta, a suitable synthosls catnlyst
wag duly fluidized in & sypthesis gas ot room tenpora—
ture, that ls to say below tho tomporature suitable

for vogotion, Wnon tho fluidlzation was satisfactors
11y aooomplishod, tho temperaturo of the gas fod wag
graauully ralscd to roagh tho reaction range and %o
lnduoo the synthesie of hydrocarbona and oxygonated
dorivativos. Whon, howcvor, the roagtion tomporaturs
" wae roachod, fluidization becane oxtremely poor with
‘glugging and bgmping. In othor oxperimonts 1t oS
found that hydrogen alone or CO alone could be employed
to fluidize the cataiyst even at the nbrmal reacting
:tomperaturoa,.but on additien of tho chor roéctant,

GQ or hydrogen as the case night bo, fluidlzation
suddonly. stoppod or became oxtremely poor in fhe zZOne
'of tho.roeaction., It was finslly found that in thego

particular roactions the process was much more Z{ehy =R RY




499587

tive than any others that had becon previously gtudicd

and that it was o pooullarity of the reaction, not of

tho material boing fluidized, The actual rcasons and
physical oxplonatlon of this are still cbscurc, It
was found that the catalyst slze distribution wad of
groat importance and in thie distingulshed vory gharp-
1y from the rocults obtained in the cracking of hydro-
carbong and in other reactlons. Tt wag finnlly found
that good fluldization could be insurcd in a gtablo
conditlion thrdughout‘tho oporating tompcraturc range
by tho soelectlon of o propor balance of the slze and
anounta of tho catalyst particles presoent in tho

rosotor, and the presemt inventlon has for its objeot

the dofinition of tho propor range of glzo d;stribuy
tion for succosaful operation of tho synthosis Preaectilons
with finoly divided fluidlzed particlos. '
' Reforring to tho drdwing numéral 1 donotos
) ?6&0%10n veseol uhlch is genorally in the form of an
upright‘oyLihdér ﬁith-a conical bage 24 A grid or.
goreon 3 is iocated in the lowor papt of the cylinder
80 08 to offoct good gas distribution and in the up-
por porticn of the eylindor o dust gcparator % ia
gonerglly indicatod. The soparatoria preferably of
tho type oporaﬁing on eentrifugal principlcs and the
dust so separatod is returncd to the riuidized mass
by the pipe 5 whilé the gos apd vapor nixture 1is
tokan out by the pipe 6 to a sorubbor. condenser 7, fed
;  with wator by a-piﬁc g, The gas fron which liquid
| producte and final traces of catalyet have beon ro-
moved ls withdfnwn by a pilpe 9 and the liquid ls sop-

arated in the voseel 10, water belhg withérawn at the

wlfm
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bottom by 11 and the hydrocarbon product by the pipe 12,
Within the roactor 1 it will be understood

that the catalyst particles are distributed throughout
the reacting gases in the form of » densc susponsion,
wh;ch conprises o denscr phasc below and a lighter
phese above whlch are separabod by o po-called inter-
faoo or lovel which is indicatod gonerally at 13. With-
in the donser phago cooling pipes 14 arc located but
1% will bo undorstood thatlthey nay bo arranged in any
proforred mannor, not nocesearily ng shown,
4With1n'this reactor the susponsion 1g in
vigorous motion which insurce officlont utilization
of thd cetalyst and accurate tonperature control from
top to bottonm.

Tho gnscous foed consisting of the mixture

”.profofnbly'of tw675ﬁftéfof"h&dﬁogdﬂwﬁo"ahc'of 0o 18~
gupplied by tho piﬁo_lS tnrough a hoater 16 which 1s
employed until the apparatun hﬁs boon raleod to ro-~

_aotion tonporaturc. Theroanftor the gas is preforably
dirooted, or ot loast o part of it e dirccted,
around tho heator by means of a pipc 16, It will be
undorstood that the reaction 1tgelf normally produced
quffioient hogt to naintaln itsolf and, in fact, 0001~
ing b& tho pipes 14 1s roquired.

At intorvals a portion of the sotalyst nmay bo
withdraﬁn by a pipe 17 as indicnted and the catalyetb
nay be goparatod fron the carrying gas and regenorated
or reworked ae dosired. Fresh catalyst nay be sup-
plicd by the pipe 14, proferabiy in a carricr gas

which nay be a portion of the food gas.

Congpideroble variation ooy bo nade in the ap-
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paratus for carrying out tho renction but in goencral
that shown in the drawing is suitable., In any case,

1t ghould consipt of an enlarged vortlcal rcactlion

TR

veggel provided with cocling mcansg, fod with the re-
anotant goscs at tho botton. ™he catnliyet 1s profor-
nbly soparsted from tho gas wlthiﬁ the reaction sholl
gc ag to Laintaln the bulk of thc‘catalyﬂt nlﬁays
within the rcactvor and‘to withdraw produst vapors.
Aftor tho separation of ftho liquid product frOmltho
gas, tho latter ndy be roclrgulated to tho reactlon
eharbor, usually aftor a suitaﬁic adlustnont of 1its
conpositlon. '
.In ordeor to undorstand nore fully tho opora-
tion of tho prosent proooss, 1t should be notod thtt
the gas volocity upwardly jn the rcaotor apaca 1 od-
o justod 60 as 467 naintain tho distribution of tho T
.oatalyst particles throughout the gas 1n a denso sus-

'

_‘pcnsion. The volocity 1g proferably of the rango

of 0,2 to 1.0 fect -per socond, measuroed on the ovorall
oross soction of tho vosscl, slthough it nay be as
. " high ne 10 Tt. por socond and will usuelly be betwoon
1' : ) 5 and’'s ft. por gacond, When tho progsure 1lsa '
if “ ' oplovated, say abovo 10 atnospheres, somowhat lower
t_ ' " volooitics are onployed, This upward veloeity 1s suf-
ficiont to maintain the cntalyst in sugpension. There
is a conglderable slip alsé botwoen the oatalyst and
B 3 tho gas, that is to say tho catalyst particles rise
o . oonsidérdbly slovcr than the gas in which they are
suspondod. Tﬁe tempcratﬁro of reaction depends on
other factors, principally the catalyst, but 1t is in

tho rango of from ahout 350° to 675°F. With catalysts,

e
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the active elenent of whieh is lronm, the preferred

tonperaturc 1s fron 550° to 6500F,, while with co-
balt a lower tenperature range fron sbout 375° to
L7507, is preferrcd. With the iron catalyst 1t is
areferable tﬁ uee o preesuro of 10 to 30 atnospheres
where hydrcbarbon production ls to b onphasized
and even higher pressurcs can be used if it is
dosirod to increass the yleld of oxygenated derivar
tives at the oxponso of tho hydroéarbons. With co-
Bult-containing eotalyats, atmospherlc. pressure can
be sonveniontly used, although 1% 1is prqferable Lo
run fron.5 to 15 atrnogphorcs.

In rogard to the cafalyat giec digtribu-
tion, 1t lias now been found that sgatisfactory opera-
tiong, in which the fluldization e good and can o

natntainod stedlo, oxiéf“oﬂljrunéér a'golativoly
norrov rangc. This'is ant to say that no oporation
whatovor oan be rnaintatned outeido of theso condlilons
but pich operation la not anooth and it ig aublest to
orratlp poriodas An which the optalyst appears to
rugh upward through tho epparatus in sluge end large
bubbléa or channels of gas pass through the densge
satalyet nixture without adequate contact with 1%,
Tho'spocifioqpion of the catalyst is ag follows, 1%
boing undorstood that a uniforn noderate sproad of
cotalyat sizos 1s hetter thoan an extronoly narrow
range on the ono hand and ar¢ oxtrencly wide spread
on tho othor. Tho ontire Gatalyet is finely aividod,
in sﬁito of tho one porflon deslgnated as boing'ovcr
80 miorons,‘containing partlcles as snall as b nicrons

and loss. The larger partielos above 80 nierens will

-7~
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bo prodominantly smaller then 100 ncgh and will con-

tain no particles larger than about 10 negh.,

Catalyat Diancter Porcont - Prefcrred
0 to 20 microns Loss than 25% 5 to 2%%
20 to 80 1 30 to 85% 30 to 85%

Abovo €0 -mierons but  Loss than b, 5 to 35%
gtil1ll characterized
ng finely divided
Thé catolyst may be produccd 1ln nany ways,
firet, for cxample, by grindlng larger lunps: of tho
- oatalyfip noterial to approxinately the prbpor slzo
nnd thon adjuat%ng vithin ﬁho 1inits above montioned
by the additlon of finos or ocoarso particlos as re-
_qu;rod. Rough soparations'of ground catalyst nay bo
nado by air flotation or by othor mochanloal ncans .
.and, those rough ffactions nay boe blonaod.fo give the
L”doalred diatr#bution. EEETE I
Oantalysts in substantially sphcrical fornm
can be nado py forning & a0l of the catalytlc or cpr-
. rior natorial, disporsing‘1t~ih droplots in an inert

. gn8 or innlecible liquid, for‘oxample by enulsifilca-

llkﬁtion;?and nailntoining. it in thie condition until tho

soi nals got 1nt5‘a gel. It will be understood that
the burticles of sol are brought 1nf6 sphericcl forn
unddr the influcnco of interfaclal ﬁonsion. If'car-l
‘riors aro uged such as sillca gol nixed gels, eotc.,
‘thoy onn be lnpregnated with tho catalytic alenents.
| Catalysts of the above spoclilcation can be
roadily fluidized in a stable conditlon which is not
subjoétlfo sudden orratic bumping and slugging, and
tho hydrocarﬁon synthosis process nay be carricd out

amootnly and cfficlontly, Catalyst lcss is not oxeos—

=&
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“glve; the yields of liquid preoduct are groater than

obtained during unsatisfactory fluidization, pro=

sunakbly becpuse of tho botter distribution of tho
catalyst throughout the gap and more cfficient tenp-
. grature control,
Exanple I.
The epporatus onployed in the present cox-
anplo was quito sinilar o that 1llustrated above.
Tho reaction veascl was about 15" in dlancter and ho!t
in holght. Cooling'was effcctod by & vortical cooling
pipes donnoctcd st top and botton by ring nanifolds,
cach tube boing 30° long and 2" in dlamoter, placod
in the lower part of the rcaction vogsel and fed
with the cooling fluld.
Thc.various oporations degeribod hereinbolow
froro carrlcd ‘out in'tho roactof with from 200 to 1,000
pounda of catalyst comprising cobalt on an lnort
oarrier and at atnosphorle prosaure or up to 20 1b.
gago. The tonporaturo rangod in difforcnt portions of
ﬁhorruns fron about 3&0 to 41O°F. Tho synthosis gas’
was nodo up of about two voluncs of hydrogen o ono
of 00 and contained gono C0p and at tinos 1t was
' diluted with additional hydrogon, Tompornﬁuro noeag-
: urononts were takon at scveral levols in tho roactor
‘_nnd prossure nanoncters were also plnced along the
- roacfor at diffcront levole., From tho nanonotor roads
inga, tho halght of the dense layer.of catalyst could
;;bc roadily dotormined as well as the total anount of
"catalyst in the rcactof. The tetal run covercd sover-
al weoks of operation and 1g-dividod into scveral

pedode whercin dlffcrent'sxzcd eatalysts wore usecd

-9
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undor various conditions and different attonpts were
nodo to obtaln good fluidizatlon. 1% was Tound that
whon Kydrogen alone was uged, tho gizo of the cata-
: lyst had 1i1ttle or no inportancc and operatlon could
bo carricd out cvon at reaction tenperaturc, but as
CO0 or synthosis gas was added there cand o tine when
filuidization weuld becone oxtronely poor. In those
. runé one deasuro of tho dogree of the puccess of tho
particular oﬁaration woe the orount of aynthesla gas
(2 Hp + 1 CO) which could be enployed and st1ll '
obtoin good fluidizatlon, A wholly succossful run
fpor tho polnt of vicw of fluldlzation would thoro-~
fore hae an oporation in whieh pure synthosls gasf
that is 2 Yolunas of hytrogen to one voluno of CC,
wae onployed under snooth opoernting conditions. Poor
runsg woro thoso in whiéhﬁa 1argo“volune'of'oxtrnneéua
hydrogon had te ho added to tho synthesls gas 1n
order to oﬁtain fluldization if 1t was obtalned at
all. Difforont soctiong of the rung will be congld-
orod oarcfullyi
A. Tho opcration began with hydrogon alone
end 395 pounds of catalyet in the regcior which was
naintained ot 350°F. and nbout 16 pounds por square
inch prdssuro. Tho volocity was 0,23 fcot per sacénd
and when tho opocratlon ﬁaﬁ stabilized, fluidization
was good as indicatod by the unifornity of tonpcratufo
within the roaotor, The nancneter progguros at cach f
p&int werc atuﬁle during the porlod. - Tho catalys?t

sizo distribution at this time was:

=10~
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0 - 204 21.%%
20 - Lo« 5.8
4o - B0 9.7
&0+ & 63,2

B. After an hour of steady operation under
the oonditions doseribed above, synthosls gos vas
nddod to the stresn to tho extont of aboub 60%. The

- yoloeity was now 0,52 fcet por aocond; the tonperature
s wont up fo 4oger., indlcating that rcaction had be-
r gun, and vory poor fluidization vae irmbdiatcly

- ovidont by an immnedlate drop in the o p over the ro-
actor, (difforcnco betwoon the top and botton nano-

'jnotor rondinrs) nnd vory rapid surginp of the levol

At

up and dowu fron &' %o 3.51, wharoaa in the stoady
oporation under the conditions of "A", tho level

ronalnod substantisily constant at 11'. The torp-" "

oraturo during tho provious soctional run had not
~ variod nore than about 59F. ovorall, but undor tﬁc
prosont cqiditions wide and rapid varlations of EGoR,
. naxinun wore found., It was obsorved that catalyst
was boing lost fron the top of the roactor in 0Xxcog-
aivonaJounts. In an attonpt to 1nprovo thc oporation,j‘
' 100% of tho synthosis gas was onployed, that 1s with-
put any oxtranooqs hydrogen, but this gave no lnprovo-
‘nmont nor did a change of tho veloelty to 0.73' per
aoéond give any inprovenent, HOWOVQf, at this polnt

purc hydrogen was agaln cut in and tho stoady operat-

ing conditions found dﬁring poriod "A" worc inmediato-
1y osteblishod: Some catalyst had bohn 1oat tut the

;i ' : conditions bacane uniforn 1nncdiately and fluidiza~

L
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tion beeane extrcmoly good again. It was found that
about 65 poundg »f catalyst had boen lost. The velo-
ity was run up to 1.5 feet poer gooond and tho condl-
$iong renaincd good. Product was nade during the
ayntheeis poriod but yilcld was ioy and appoarcd o
vary fron tine to tine.

C. Switching inuedintely %o 100% aynthosis
pas, brought an 1mncﬂiatd upsut_of'tho entire condi-
tions ﬁ gocond timo wlth cxuétly the sano reoulis aa
roforrsd to boforc. At this %ino & portion of catalyst
was withdrawmn and wos found %o havo the following
. analysie: ‘ _ ' -

0 - 20 ¢ 13.4P

20 - ko A 6.2

bo . - 80 At 12,7

B0L 7~ | 67.7
D. AL thls tine the anount of catalyst re-
neining in the roactor was agbaut 230 pounda so that
500 pounds wore added and the opcration wos resunod
on ﬁupo hydrogpen. .Fluidization‘was extrenely good and__‘”
_tho oonditlons wero about the sanc ng in poricd ﬁA“."i
Syntheels gos was nov alowly addod and tho anount ine-
crdasod 80 that it was Tound that a fair rogult could S
bo obtained with ¥2% of synthosis gas ond 58% of
addifionsl hyarogon, It will bo notod that in this
onso the roactor vas oporating at only 42% of its
‘ﬁbmlnal cnpacity. Subsequently continulng tho sanc
typo of oporation showod that tho pereent offsynthcsis
gns that Gould bo tolorated slowly deelinod to ebout

20% and an analysis of the catalyet showed the follow-

-1 2w
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6.9%
13,8
23,2

56,1

4_It wos apparont that the conditiona naintain-

lap ob thig tine were no% satisfactory and ﬁluidiza—

Cbion was 3romrossivcly beeoning poorer.,

E. At thig point a further voluno of catalyet

condidorably smnllur in sizo than that origfinally uged

was odded ond the analysie now showod.

i

N 0 -

St B ) N

. . L 20 -
- bo
) 8O+ -

20 A
ho
80 %«

/‘E‘

ol g
18,1
23,0

3k, 5
F. Aftor tha addition of tho oatalyst

" nontloned abova, tho oporatinn 1mubd1ntuly snoothod

nut uithout any nthor changes in tenperature and prose

. aura oonditlona which bocane quito constents It was

;? ‘.:  i now found posaiblo with tho abovo catalybt tooporate 7 ”f

RO with 100% synthmeiﬁ zas and with o vclocit; of 1,14

foot por pecond, Tho tomporaturc had stobilizcd at '

.*‘stnntinlly constant.

hout 485°P. and thore was practically no variation
fron point to point through the roactor. Bach Qf ‘the

prossuro nnnonotor readings waa alsgo [tintainod pub=—

During this poriod tho pfoduot

wan oolloctod continuoubly but due-to the low activity

of tho catalJat the gonverslon was only about 36%. It

K waa alao obhegorvad, that thero was 11ttlo lose of

e

3

:atalyst Aurding any of thls poriod and that at the end
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of tho period the conpositlon 6f the cotalyst was aboub
the sane as hefore. The unlt wos operating at its
noninal capacity but as stated the conversion was not
ae hipgh as it should be on neeount of the péor activity
of tho ontalyst. The operation was much superior to
that ﬂuring any previcus period, 1n other words, tho
unlt wos found to e operating mochanically porfectly
- fyon the polnt of view of fluldization. Tho previcus
poriods had been parkod by rapld and wide voarlatlon
in tenporaturc and prossure fluctuations while in tho
prdsont poriod the operation-wasﬁextrdmcly grnooth
ahd quite sotisfactory.
Exanple IT.
Durlnp tho previous rune 1t had boen dotore-
nlned that the size of the oatalyst was one of the nost
. 1nportant fouturos of tho oporation go that in the “
progent run o nov nnd activo catalyst was cnploycd of
‘the following aiatributlon range"
., 0 = 204 13, 9%
20 - b0~ 39.9%
ho - go4  37.4%
BO+ A~ 8.8%
During this run the tonperature was hold at
approxinatoly 4O0°F. by noans of o cooling‘Jackot in
"place of tho cooling tubes used in the roactor in
Examplo I, with 1llttle or no variation fron polnt to
. polnt in tho reactor and 100% of the synthosis gas
~ vas fod. As bofore, tﬁig ges comprises 2 volunes of
hydrogon, conc of 00 and a enall anount of CO,. Tho
15roasurc was 10 pounds.pér square inch and the velocity

in the rocactor wag. voried fron tinme to tine from 0,56 .

wllm
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to 0,70 foot por sccond but without any substantlal
cffeet on the roactiecn. Durlng the period neasurc-—
nents were continunusly tuken over tho roactor and
the followlng yiclds wcra.obtalncd:
Gonversion of CO _ 86%
Yield cc/eubic neter of nas 162
Bcloctivity o (ey to 03) - 30%
Sclectivity to Cyb (Liquid) 5HH%

Fren tho ahove‘it will be seon that not only.
wng the reachor oporating srioothlys. bﬁt the convcrsion’
was hirm, the yiold good and thc‘soloétivity Talr,

Thc run- continued for sonc 6? hours and therc was lit-
tlo loss of cutalyst throu.h tho ontira peorlod. At
the 59th hour a eanalo of tho catalyat wms withdroawn
And At was found to bn ag follows'”“”bww" '

0 - 50 A 13, 5%

20 - ho* 38,8
%0 - g4  38.0
gof e 9.7

- This distribution of cantalyst 1g substantinl-

ly . the same as that with which the run wos comnenécd.
Exenplo III.
~Apparatus doscribed in Exanplo I was

oporqtod with an iron catalyst which hod the followln(g

charaotoristios- .
" 0-20 nicrons 27.48%
20-40 - " ah.2%
VI'FO‘-SO o " 27,6
8¢ - " 20.%

~15-
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. After 120 hours reduction with substantial-
ly pure hydrogen, synthesls gas wasg used. During
syntheais operation temperatures of about 600°F, and
pressures about 300 1bs./sq, in. were employed. The
r.overall gag veloeity was about 0.5 feet per second
and opération was good. After 119 hourg of aynthesls

operation, oatalyst was drawn off and the analysls

showed:
0~-20 microns g.5%
20-40 " .
40.-80 " 0,0
a04 L 23.0

Tho heighf of the catalyst bed was between 20 and 2H
-féet and the temperatures of tho catalyst throughout
this length varied only about 10°F.. Tho pressuro

manometer roadings were smooth and 1ndicated the true

4welght of cutalyst in the reactor which was about

. 1140 1bs._.The heat transfar.coeﬂfloient which 1sa . : "ﬁfﬁgﬁ"“

moaaure of tho fluidization, wos 44 BTU/Hr Sq ‘Ft.oF,
When a ooarser -iron catalyst was tried in

-thc aame apparatus, thig heat transfor coofficient at

__othorwiso comparable conditions vae only 34 BTU/Hr.8q. . éf :
Ft.°F. Furthormore, temporatures’ varied from point ' )
-to point 1n the oatalyat bed by as much as 22°F, This

ooavmor typo catalyst had the following particle size: -

0~20 microns 2, 5% ' SO
20-ko = 17.8 e T
40-80 L 278 L
8ok -~ 51,9 Lol o

[T I

rhiE'anﬁlysia vas mado after &2 hours of synthosis opw
*“*ﬁfﬁtion., These dats thus indicntc that this coarser .

oatalyst was markedly inferior.

-16e
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:
i, TIn a process for producing liquid hydrocarbon

materials by reactlon of.carbon oxides with hydrogen in which a
finely divlded catalyst 1s malntalned in a vertical reactlion zZone
in a fluldized form and is mechanically separated from the vapor‘
produet, the steps of employlng a catalyst contalning a metal
from the group conslstlng of iron and cobalt and characterized

by the following size-frequency distribution:

Mieron Diameter Percent
o to 20 5% to 25%
20 to 80 304 to 85%
80+ 5% to 45%

2. Ina process for produclng 11quid hydrocarbon

materiala by reaction of earbon monoxide and hydrogen in which a

' finely divided catalyst 1s maintained in a stable fluldized form

within a vertical reaction zone and thereafter the catalyst 1s

separated mechanicelly from the product vapors, the steps of

| employing a catalyst containing a metal from the group consisting

of iron and cobalt of the following size-frequency distribution:

Micron Diameter ) Percent
0 to 20 ' 5% to 25%
20 to 80 30% to 85%
80+ 5% to U45%

and maintaining an upward flow of gas through the reactor within
the range of 0.2 to 1.5 feet per second.

3, Process according to e¢laim 2 in which the reaction
zone is maintained at a temperature from 350 to 650°F,

4, ¥Progess according to claim 2 In which the rezction

zone 18 maintained at super-atmospheric pressure 5 to 30

7

atmospheres.
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Certified to be the drawings veferred to

in the specification hereunto ay nexed.
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