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This invention relates %o the syotbesls of arganiﬁi
i eompounds. Ik axe aspeot this inventlon reiates to the i

Lydragenation of &n vxdlde ¢f parbon woder contlvlong such thatp

orgends compounds heving meps Lhe= gne esrbon £tfom per moleoule
B are prodguced. Iz anoiher aspect this invention reletes bto =

method 2ol apperatus for the symthesis of orgpiic compounds

by the aydrogsraificn of carton monoxlde with a relasively
:_law rakle of hyurﬁgen ta serbon mdnoxide in the presancé af =
finely-~dividen powdered colulyat.

1o It hos been lmown for some time thet Lydeogen and

caphen monoxids may be made te reick exethermically in the

Trasonee of cartain gabslyste and nader speeifie reactlon:

condifiona Lo form hydpecaroons and oxygehated orgenic comRe-
pownds heving mora.thaﬂ o2 carban Eton per mﬂaaﬁule. In : ;
15 gensral, the syithesls of hydrocarbons by the hydrogsnatlon I

of gerbon monoxids iz sooonplished in the presence of & metal

or en oxlida of 4 metal chosen [rom Group VEII of the Periedidg
Table @& a astalyst &5 cressurss below abcut 500 pounds per
sgnare tneoh gage and ol temperabures bGelow sbout TEOdF,

=t Varicua mebthods aeve been priciicsd to effect the

reagiton of hydrogen snd carbon monoxide to prodoce prEanic

compounde.  Among these mwetnocs are those known 2a fixed-bhed

aatalyat oparaticna and filwid-Ded catalyst opsrsationa,. The

o5 [ hydregen smd ¢arbon mewoxlde throungh e stationary bed of

" 1 gateElyst in & resction Zooe, and tho fluid-bed operstlon

conprizgn passing & reactlonr mixlars Uwousgh a flnely-divice

d
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i
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fixed-bed operation cauvrleea passing o reactlon mlxture of F
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1

¥ satelyst meass anaperdad in the reaction alxture in the reaction
%: Enlsa.  Chapecteristically, cerbein meestlon concditions are
HL

: nesassary for asel of thess processes and for the perbleular
opabalyst used.

= Tha =yrthasiz fegd gas or rsfction nlxture come
prises & wlztnrs of stout 1 te ¥ meiz of hydrogen par mol

of =arbon moroxide and wmay De predared by the cabtalytis ooa-

varsion of nstural gss, steam, aad caybos dloxide,

The mozt recant dovelopment do the synthesia of
10 preenio compounds from nyfroger aod osrbon woncxide hes been |
o the fluld-~bed type ooerstion. 1his fype of cperatlcon bas
had sgverel apparent advaclhages over the fixsd-bad operation
fmd nes yielded orgpanie compounds of Bigh Quellity and din o

large duantity. I such a Fluid-bed operatlon st & tomparalul

[F

=] |'..

15 Coof Eoomt GOOTF. and at guner -atnoarharic prpeasnres using &

flutdlegsd iron omtalyst, a scotreesicn of abong 41 par cent

b abozn YO per cent and & ocdrbon menoxlids dlashpearaaces of i
moont BE per cent bto moout L0 psr cant heve besn observed,
The selectlyity of the rescilon indicutes that about 25 per
20 sent te aboot &0 pr ocent of the G0 1z converted to O0p, #ngd
eil and waier yields of wbouwt 100 £0 150 oc per cubie melsr

and abowut 80 to 1EQG ¢& per cuble wsterp, respeoilvely, cre i

obtainabls,

Bven in view of tne relatively good resuliba obe

25 talned by the fiwld-ted tyos opar&bioﬁ'certain Irnerent dis-

il

pdvontegss have besy found. Ta anen fluid-bed operakloss in

which the ostalyst is suspendsd in the resetion gas,
ulaséification of thne satelyst ofbten occurs. Zhere le also
8 tendenoy for the fluld bed to zettle after sxtended usa of

30 tha cetelyst dus to wex and carbon aceusmletlon on the cetalyst.

i
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Afpese tendenzies have required cerbmnin dgaipn vensldersticns

qin meintaicing certels disbanees bewweer tae heas transfer

saurfaces, Furthermore, special aeonzijeratien mast be made

for Lhe peucesl of hess liberatad 1o the reasticn, and with

fiuid-Ded opereticn spzelelly consbrusted &ppirstus is N&G- i
|

gasery ror Los removal of such heat wlth sttentlon direcbed
:
i

£ ths fluldlzsd catalyat itsell. Et iz mach to be desiped,

jherafore, Lo provids & process fad apparafus which overcome

trnese difficultis=, a8t least partially.
10 é It iz zn objeact of this invention to provide =
preadalil-Ff:| aﬁﬂ'appar&tus for the syntnesis of orgenic compoumds
P Leving wore then one carbon alom per oelecnls,

It iz anothor cblect ol shle nventlon %e peoduces
hﬁdronarbnns mnc orygancted compounds Ly the reactlion of cope

15 bon mencxide sad hyorogen in tha presence of a kydrogeratlon

aubalyst.

; anothsr object of this Aluventiaon s to provide an

1 '
|| improvement in the sycthesls of hydrosérbors in the preaanca%

i| ef & finsziy-divided floidicsd cabelyst io the reoetion mix- ?

20 ture.

B£ill o further objsct is to provid: & mathod fopr |

hhe gynthesia of hydrocarbons using a relotlvely low f'aad E QQW
rutio of nydrogen Lo carbon monoxids.

31111 aroiher eobject iz to provide & iluiaize&
=15 nrooese for the hydrogenstion of cerbon menoxdde 1o whick
the catalyst 1ife Is extendsd end prolonged.

Farions other objects and sdvanitegea will become
apparant to these skiller lo the ort firom ths aspompenying
Asgepiptd on andl cisclosure.

=0 WMachn S0 sur surprlae, we Rave fousd that sn ocoedds |

1
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i
i’
gf corbor may e oydrogenaled to yizld orgunic compounds i
]
Raurng mor: than eog carbon atoce per avlzeuie la the preaencef~
of o finely-dividsd rydropsnntics catalys: wiolek is prresent '
i1 o EHEEOWS ':'-ee.-:.ti_:.n M wrarc i 2 mack sme’lar mooeoand th'a.ni
heretefore Shouzhb Teswrible, e hevs found thet e oatalyat .
comoentration in Tho paseous regcotlon mixture of leoaz whion
wbous b poands per ouwdlu ool of gas ls sdeguess to osry

vul the resctlen hebwesn Dycrogenl sad farbon mogoxlds wita

a gomparable vield of products te dtoer syrnthesis proceages

uslng s nmoh lsrger goncentration. fFartnerrors, the gontact

tima oatwesn edatalyst apd peepghanis 1n the resction sone Is :
iesz than & 2eponds por pass, nswiliy detween sboalk J.5 &nd i
ghoat ¢ seconds. Contast time is deflned =aa the dims ot
conieet of the syntassis gas wibh eatzlyst per pasz,. o
eflact [he reaction 1w the prasencs of a Pinslyp-divicded lrom
caltelyat present In thoe resetion mlxonrs in tha uneunt
heretofore deserdbesd, accordinz o so gmbodinment of thia iow
ventieon a reacilon mixture of hydrogen and oopkon moenoxids 1s
pesEed uppardlt through an eloogared, substantially werticzl,
renotion zone st & veloolty greater than B feet per ascond agd
az hlegn gz 40 fest por second, although velaglties =25 low as§

4 or 6 feek per zacond mey s used wnder cartalo pondltdons

witiignt depzoticg from the seope of thiz Invention,

¥
1
1

At such velosliiea, the [ingly-~divided hydrogenald
ing salslyst, such as iron, is entrained or suspendsd in the
Feagtion mixturs 1n an smoont betweén sbout 1 mnd abouns L8
pourfis war cublo foot of gus wac forma 4 contiompus catalyst

phase ln the resction Bone. In £0as SBS8E B oouoestiration
r

gz Dlgh as EL pounde per cuble Tool 18 dAsszlrable tob praferablly

lows:r: coencentrations are wued, The resctlon wixters and the

. : !
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aokbslyst wyhich iz entrelsed dx the Ilowax, geaes are passad
through Lhe siengated rsastion zone &nld ape removed from whe
wups s corvicn hherest bopsliier sller issy Shenr abnut%ﬁ
aegonts of regidances thsrein. Losording to this-ﬁh}éntiun,
the patulyat iz eotralined in the reaciion mixtars In the Te-
zetion Foneg and flowa Lkerethrovgph fn the directdon of Tiow
af the gases under oconditdensd #udn whob ks cooventional
dgnse, peeuda~liguild caialyat phass s not forped.

Ie vonwentlonal fluid-%Tyoe opsrations the catalys
forms a ég-called ogrse ahaze cateiyab bed" in ths rezetion

sona =nd conseduentily remoing targely in the reaction Zona

itgelf unbll remowved. Antually, twa phries arg formed 1o the

reantlon zone, 4 dense catalyst phase in the lowsr portiona
and 8 dljute phase having enly & small amcunt ef estalyst 1o
tne upper perblon. "Ths concebtrstion of catalyet in such
e densg phese iz at lessst B5 wownds or 35 pounds per sibic
foot of gag and uswslly batween EC pounds and 130 pounds per
subic foot.

it has been Found lo opereting wlih = ooplinumovs
catelyst rhesde Acuercting to this laventlon that & hydrogen
to cerbon mecoride fesd reiic a8 low as 0.7 0 1 gan be nsed
Wil éuccess. Thizs ryatio will vary from sbout C.Y to 1 toe
shout 1.5 to 1 and higher railos may be used, if dealired,
bub 1r any event the ratio La less than thab genarslly re-
quired 1n cooventionul fluid—b&@ operations.

The catalyst ewploysd in ths present lnvensdon Is
& rinalyudi{ided poudsret catalyas of & metal or metel oxide
winleh iz op becowmee ln the reactlor 2ore o gotelyst Tor the

hydrogenating resction. Finelyedivided metallic ivon or

iron oxide or & mixture of metallic dron &of ircn cxlde ore do

t:

e onno
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1| :
o |
b |
%. ' la metwllic lrom cebslyst is used 1 the Fingly~aivided forn. !

sxanple of the eatelyat smployed 1o Lbds imvention, Preferably
|

Other metalas and makallle caldes uway 9s erployed Whlen er: :
n .

mffwelivs Lo ocnbalysing the npdrcgenatlen of curbor monexdde,
| aqen ae cpnalt, aicksl, @ud other mefsls of Group VEILLD of

-
il
i
H
| et
i
|

Jtne Poriedic Tebis. Uinile the ooialyst poudpr uznelly eou-

Jeizts of such entalytic metsls or thalr pxides, 3t moy also

ipplude o ohiaor smouby of promobing ingredientha, such ae

I

aleuiies, alamina, silica, iitanis, thoeria, manzensse oxlde, ;

Lo

sné magnesis, Alse, Ihe cutelyst may bs surported on &
guitanle suppert, such ez a bendonite byps clay, sillea zel,
Touper ¥ilteol" mnd miztures of lLoeze sauporiz. Im the
follcwing dascfiptian, catalyet powsers consistlng of A meialj
1
sndfor & metal oxide and sontalning at mest A miner proportiop
1B of promoters mraz referred to as finely-glvided metal sstelyst.
The exact chamicsl condltlon of the eatalyst dn
1ts mest sobive fopm iz nob sertein. It may ve theb the
active Torm is oressnt when toe mebsl is at an ofbdmwn Jde-
gree of oxidation avd/or ocerburization; ccassjusntly, a

0 metallle ipon astalyast whick is in s rednesd conditlen when

firat conbtected with tne reactsntz may ranch lis stabe of

I higness mctivity through telng oxidlzed endfor osrburized ini .

i
E

the —eaction zons. Therefsrs, lo thls speclfication and ;

‘ claims,'the awhbalyat employed is described by reflerance o
1tz chemlgel composition when firss conbacbed with the re-
ooackants .

’ . The catelyst 1o smpleysd in & Tione atate of anb-
| &lwleiom. Preferahlg, the powdared cetzlyst inlilelly con-

kEains no mors thapn & minor proportlon oF welgnt of materlal

a0 whosas aversge particle diauster lp zZreater then ZH0 nisrona.

T - 1
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\fthe greabsr proportlon of the caialjyso mass, areiarably, ocom-
1

I _ -

ilorisss = miterinl =heose swaragje pARYEigle ddawcuesr i1z amell=r

;
ltherm 100 microos insluding av lexst ¥6 weigat per eznt of ihe

graterisl in a particle size smaller ibus 40 mloesobe. AD 8X-
L3
iat toass YR pev cant Dy weizhb of =eferlel smeiler than 150
Misrocs snd at lesst wB par cent by welght of muiarials
snallecr then 40 microns.

The tsupsrature of reeghlon for the hydragenation

of parvou mopoxrlds is gpensrally cet¥esn aboui S005F, axd

hampla of = deuipable rowdarsad cabelyat iz ong whdch comprilaes

gnouy TAQEF. With e mstallios 1loon patalyst, tenpsratures Do- |

twoen AEGOF. and THOPP. ere uwsuslly employed, Wl a cobalt
gatalyst usuzally & Tempersturs balow 48C°F. 1s suffieisnt fl;ar'i
the hydregenating reaction. Gersrally, the preaaures soploy-
ipd mre soMewdat above stmospherle auh rangs fras sbogt 10

pounda to s mieh us BOO pounts per squere Inoh gage, proferal

FORE.
Ir effecting the resetion it may of'ten hedons

LecEEsary ©o cool the roastlen zane to maintalin a ralativaly

conztant bemperaturs. Verious methods of cocling the re&utiuI

song itsedf, suds as by extermal ceoling mssns or by lnjectio

of a 6poling medivwe dirsotly Iabke the resptlon mizture, nay
ta praoticed without dspartizg frem bhe =gope of this invan-
tlon. PForthermore, it mey often becoms T@ceslBry to nranekh

the reacticn migbora prior $0 satry inlo the psactlon sone,

and sleo the cetalyet may he prensstsd befors lotroduction

irnky the reastion mixztorces, HAowsvsr, the eooling snd prebsst-

apparetus Delng wsed end the perticular cousitions under whic

ing are faghors whilch will bs characteristic of the partlculaﬁ

1=

T
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he roastion 1% efisched. '

e e

3 gemerally, he rssobion fona itselfl will coaprizs 8

leingle or a nultlzla nusbes of pondmita or bibes of sn izalds
|dlameter beiwveen aboat 1 ines: g abouit & lnches. Frefooanly :

toe diomeger of the riactlon bubes te harwest oboat 1 inpck snd

iR

anont 2.5 inchea. 1i I1s Eoaoan bhav the ﬁlamstér of the bhube !

i5 of considerable lmportaancs when enbraining = oatalyst 1n

sho preacklon mixbors aloos tha wall.aeFfagt of the sube itzelfl

neE & cgnslgerable stfect on the diapositlon of the sakbalyst

1o in the resction stream. Cooseguently, 1t hus ngen found shat

gengrally the vzaciion tube size should Te Duolow aboui 2.3 L 7%,
tpeihea tn dlsmetzr for opbiqum operatlons. Howsver, wiih

cwrtain catalysia and witk serfain conditions of operesion,

tubes or reaction sones mach larger in dlameker may be nzad.
15 From the stamcdpoeint of cooling ths Taaction 2ona, gmal ler
tubes arc mlso cesirabls =luce they pressnt large? Ak

kransfar surlacas.

aeeording to a preferred smbodiment of thia luven-
i tion, 8 freosh feed zes heving & bhydrogeh to carbos nenoxide
20 rafio higher than s ratloe 1n W¥aloh Theaes conpowdds npe oon-
varTed to otuer compeurds is employed and the ratle of bydro-
gon to carbon monexide in Bhe reachlon anne lhagld may be
snoreassd ebove the ratic in the feod go3 and %o o depired

value by recyelirg & portisn of the wuconverksd sis from the

papstion rome, after remevel of 2 pars or all ol the normalljy

o
£r

A 11oule profuct by condensuticn. A patio of hnyorcgen to i
]

capbon monoxlde in the frash fesd gas iz msed In whieh only

! a portion of the hydrogen is coaverysd to prodachs of the

procesa. 4 powrsion of tha gf™inpnt &fier ramoval of the

= ‘ greater oart of the liguid prodast is reacyelsd b whe rapghlign
|
]

=
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sobe i & volumeiris paklo of recycle to fresh feeh gas of I
o 1

‘about 0.5:1 to atoub 10:l, seneraliy sbout 1il fo aout 50}

op B:1l. Toe ratlc of hydrogen Lo cazbon rgmexlde 1o the re-

setion zgne 2tsaly 1s wmsasldly sbaoat kil Lo about S3l anc
I3 according to this process way be paintained at abont lil
‘withend Gebrimenial effget sz the aynthesis reacticn., The

]
iratio of hydroges Lo cerocn moucxide in the fresn feed itaelf:

| mey be comsicerably lower thea iu the reactios sone md
lusuai Ly f&ngsa frow abowt G.Til 0 aboub l.&:l.  For very low

i0 feed rabios of less boan Q.9:1 the ratic in tke resctiocn Zone

| iteelf mszy be svern iess then the fosd ratio 3z & resuly of
i| the conmumption ab mydregsn relutivs 4o ¢apbon aonoxlie Relng

Ersater tnuan wns Lesd retic, Oroe throagh apsrations wlthowt

recyels, although cob geuerally used, are wlthin the agope

-
'

15 | of this invsnkien. :
. The }logor valociiy of the gaszsods reapticn mlxturl

L asginug upwardly through Ene reuption Zone ia convendently

sxpreaged ir terms of superficial velooity, which 18 tha linarr
veioclby she fresh foed atream would azsumes L peased througi'

~20' || the reastor in the abaence of vatalysk, snd tekes into mecount

the shrinkage in volume csuscd by the hydrogenation reashlon,
iﬁs previcnsly stataed, theze superiiclal velowltles are 2hoFE
abok 8 feet par sspond, prefarably abowe sbout 12 fasl per

| sesend, and mey be ss hlgh a3 40 feet per second or Digher

e without departing frum the =cops of ikils lavsation. The P

apperficia]l linsar walaslty 1= oslovlated from the arlthnetio

evorage of the mas rake at the bottom =nd top of the rsaetion

| gone. The Lobter is arrlved ot by sorreeling the ocutlet

zaa volume for water asd hydrocarbona condgnsed in the ra-

an celvers, with corresctlons for prassurs snd averaze catalyst

=k
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B Phagpersture. Contact tloes are caloulated oy diwviding the

lengih of the rsaction zone by ihe suparfleial veloolily.

The coneentration of tha catelyst Ic Lhe gassous

peastion mixture in tne reacticm meae is vauslly leas then

n

;| abeut 18 pounds per cuble Toob of gas, =nd preferably betwesn-
| i
chout 3 pounds emd #ooxt 15 pounds psr cublc foot. Tae getugl

poneatnbraticn veduired in Ghe abovwe range wlll cdepsnd to alx E
sertaln extent upon the smount of ivert gas in Lna rsacticn

zope and also Upon ths seeumulation of carbon =l wax on the

pix gatalyst particles ez the operabion procaada. The annummula-i

tion of wex ané carbon on the oatalyst daoreswes the weizht

|| of catelyst per suoic foot wf goe thus the acove values

j| repredent the extrems limlks and mey vary in zceordmnes with
; thla discuaslicn.

16 Altnowph the invention has been dessczlbsd with
pofepence to an apwardly-flowing guosecus stream of raautantﬁ
|t ana astalyet, 1i should be understood that tha.cgtalfst G

i peagtants may Flow together devnwardly, horisontally, ar even

H

i
}| angularly, torough & renction sone wlithout departing from thei

1) scopa of thls inventicn. Inportant regqolrements of thilz ln-
verzt;up.ars grhat the woight of the catalyst par cuble foot of
gas and the oontact time be within the limite previcusly dias-
| tuszed. 1% has been found thay by apward flowing of gas i
| purough & substantially verticsl reackion zone the walght of
35 | catalyst par cuble foot of gas emd the reaction time tan be
pontrolisd conveniently amd acouraisly and for opne reason 1z
the praferatle uathod of operaklon, i
- In apsretlng & syuthasls proosss accerdlng te bnis
irventicn with &p iron ¢aialyat and &t = temperature baitwean

bita) shont BE0YF. and shout 350°F, et ralatively Llow supar-atmuspharid}

=l
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bgen obssrved. The sarbon monoxids disappssrance 1s about

pegotion likustrated by the eocvavaion of pasbon monoxide to

toout 90 e Bbout 17T cofs per oubic meber, respsstlvely, ars |

. process have Deen phearved. Ons o0f Thess ad?antégss which ia:

present rathod uhicﬂ somparas with ss mogh 52 23 oar cent

51575{;

pressarss & esphragticn ot ubous 56 to aboub 85 por pelnt nas

7o per cent to showd BR per celd snd ke salentivlity of tas
curpon dlioxlde is ahout LS per cent Lo ghout 30 per cenb. !
Aondensed oil and water ylslds ol abowk #0 to abount 100 and R
cbteined by operzting according o the prasent process and ;
LAy contsin soprecisble quantitisa of gryonic chemioala.

Certain particulsr advantagss of the orazent

of grest importsncs la tne rapt thet & relativaly 1ok hydrogep
te eapoon monoxide feed ratlo cén e utllized and as a4 resuli:
a prepo;biunate deprease in the sost of the Drodunetloh df |
hydrcgen is effscizd. At the axtremely hign relosity capabls
of being used by the pressnt proceas mnd spparatus much iess
catély=t 1s used mnd much greatsr hear trensfer iz obbainsd.
Furthsrmors, temperatars eonditlond can be eassily mnd readlly
cantrolled &t such %igh velocitles and eb guch short compaok
timss, Py the use of & ghort contact time highen sélactivity
gen e cotmined as the result of decrezasd alds reactions,
guch éa oyer-polymerizaticn. Less then 3 per cent per wesk

wax agenmulBEtlion Do tne patoiyat has been obs envead witn the

per weslt wax secumulation with & low veloctty fluid-bed
type_aparatian. fopoen deposita upan the ¢nbalyst have alsp
Loen pbgerved to be muck kess tnan those obhsorved in low
galocity operations. A oarbon deposit of less than shouk 2
par oant per wesk for the prosent prooess as compared o above

gpont 5 ver pent per wesk For khe 1ow melocity proeess has

Y-
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leleg Daen 0I2eTVel.

he a resalt of nd.n veloclty ynti ingreased heat
[spansfer, it 1= pogzible to w3s mich Eroster temp;ratura
lpredisuta betwesn she cotalyst snd a ooollog mediuwn, if one
& 15 waed, with the present prucess. In the low veloelty flnicdd
wed wperasicn & Leuperatuirs diffepance ostwesn casleant end
resstion mixters Debwesn 1D°F. aud 100%F, is conventionali,
ﬁﬂowaver, witn the present process 2 aredlent ponsidersbly in |
exosgs of 1OOPF, i3 poesibls. Also, retetively cold gas feed
30 2msg te smploved ic the resptlios Zonpe. Mixikg is &0 rapid
nndsr suoh consiticns that no delsterious e¥fect is cbserved,
e lnvention will be deseribed further by referange
to the Aoocnpanying drswings pniph are views in elevabioa,
lpertly in crpag-section, of suitable apparetus for carryling
15 out the prossas of the preszent lovapbion. #Fig. 1 of the
drﬂU1ﬂ”S iz =y elevabionsl view Aimgremmétically itlustrating
a perclios zune and sulisble auxilisry equipment “for narvying
ot ons =mpodiment ol the preseunt lnvention. Flguras £ and
3 of tha dpawings ¥re otner ppaptics chambers erbodylng the
20 | osaentisl Fzeturas of the presant invention and may be mub-
sfitutaﬁ for the reagticn chamber zhown in Fig. 1 of the
'Jdr&wiﬁgs.
Iu ¥ig, L of The crawlings & synthesis gas compris-

ing hydrogen anc capbon monoxids present in @ ratic betwWaon

oE Y goout §.7il End spout l.4il is goteired from Eny sultable
b aourcd. For. exanple, b snltable sourse of hydrogen sod c&rbn¢

k
monoxids is the gonverslon oI =ieEd, garbon Aloxids, snd
metbme in the pressngs of a suls shie catalyet, such as nickel.

f gue resulting mixiure of sueh & sorversion WSually uohislns

=0 [ sl pioar and guwlphur compounds, né the z£8 iz oraferanly

| v ~Ld-
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i
;uurified Lo remave such compounds therefrou. IT v suipkur
b P

pesistant casslysl is ussd the purdifleatioh siss is unnetess=ny .

foer pepiflcation In comventlenal maner knowin Lo thoss

sgilled in the sré, the mizbwre of oyarozsn snd carban monoxice

ig introfuced inio the lossr exd of 4 246 foot length condunid

o tabking B of Fig. 1. Gondnit € 1z a ourved conduil whien

i
{1y and 1z msde of sxtra peavy 1 incn steel tubing heving =

hes a major popbicn thertef tositicned swhatantlally vearslozol

!
%1nsida ﬂiametaf of 0.85 iuuhea snd en oubsids diamsier of l;Eﬁ
in;hea. Condul®t B is aleso legeed with about © inches of heav}

legsing. Whe verticel seckiom of ¢pndult & iz about 19 feet

in lengtn. The gsssous resciion mlxture is}paﬁsad'upwardly
throszh condult B and ombalyst fiom 2 stané%ipa 10 1s intro-
| fucod into she Flowing gessous stresnmlr the lower portion of |
ponduit 8, 48 suoWwn. TFhe velooity of thg gas in condulit B i
is malntairsd above svout 8 Lest per seccopd in the vertigal

section ln order to prevent she fermaticn of a peeuda-llguid

deuse phase of easalyst in the wveplbicsl seetlcn of the condult,
tut instesd ta form @ contimacus oktalyst phaze of relatively
‘ailute ooncentretion. Ususlly the velosity of the gsseons
stresm in oonduit 8 iz betweern sboul 128 aud abont 40 feet
Tan sénund and at sueh velccities the catalyst is antrelosd
in the gaseols sthenm and pasoes prevhoad inka the uppar
portion of standpipe 10 with the gaseous streum itaaif.
Sinee & continnous cokalyst phese is present in conduib B,
the Ssmount of catalyst taken overkssd inte Ehe standpipe is
spproximately sgulvalent Lo the azount of cateiyst introduced
ipto tne lower portion of pondait B from standploe 0.
Standpipe 10 comprisez twe substentislly veritlcal,

aongentric, sxtra beavy shesl pipes; &u outiplde plpe 11 of

o
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o

ikpproximately & inches in Glemeter snd an inside bubing 10

fo
[
Al
#
.
&
A
2.

nafhng en inside dlaseter of L.9% inches ard en oussids

Er TR
T

':diamﬂner of 2,5 inenas. 'The ouszid: 4 lzch nlos 11 is welded
:at ine emds To the 1n¢1ﬂa pubice 10 to Forn an enclosling
5 ' 'jackét findch may e rillec_with e liguid 2z & ceellog or Lentq
iiié ﬁwdium. mhiz jackat ex%é;@s choat £0 fesd or the Toial

;enghh of 23 feet of tublog 10 Taos cooling or nsatlng msdiuﬁ

is “iptpedused lnto the anﬂulaﬁ space formsc by ine two cob-
|
pentric plpes throwgn Lice 12 snd nay he witodsawn therefrom

10 ghrough lire 15. 1In some instenoss he epoling or neating

imetium nay be jmtredneed throwmgk line 15 and remeved turdugh

:ling 12, if deglred, In srother empodiment wpere the 1liguid
introdaiced Lnto the srmmlsr spece is evaporatsd therein and

sha lagent neet of evaporstion ls used Lo cool the catalyst,

15 ligoid iz lptrbduced througn line 12 end vapors sre renoved,
gleo through libe 12, '
gatelyat peeses from condnlb B into a oonical

. gootion 14 which hea = lsrgsr dismeber then conoult B and

speTedy the valpoity of the guaes are diminiened and the

=0 | aptelyst separetes from the gassous gtresn Bnd flaWws GowWH~
werdly inte conduit 1G. & slides valwve 1% in the lower porbion
of stepdplpe regulatea ChOe flow of cotalyst from conduli 1O
[into cotduis 8;. The upper end of gencuis 10 1= oonnectad

/| by means of & coninel sgoiion 1é to an enlerged conduit 16

o

25 compris¢_g | length of Beinch extra hesvy atoel tablng
\ \
havring om insids dizmeter of abouk 7,53 lnghas, Conduilt 1u

., v_..u-\n

Papllitutas uhe digerpgapament of Lhe catalyst Frow the gEs
steasm efter the psszage of the latter into gontoal seontlon

] 12. Gonawit; 16 i3 connected ©Y msens of munileld 17 with

20 _ﬁunduitu 18 anﬂ 19 which sompriss other ssstlons of extre

]} Fimm
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15

20

28

heavy #-inon stesl tubing. Oovwdulis 18 =nd 1D conteln

|| apeoe betwsan the filters and condulia 18 and 39, The woper

|
i
.*
|

|
|
i
[
!
i

;20 snd 21 1a epproxdmsitely %G inchee long aAnd £-1/2 inches in

D ygloclty of about 15 feoet per sacand in coaduit & a leading

I of about & pounds of patelyss per cublec foot of zas enterlom

&
P:-.I.
T
g\z.
SE
il

.

Geramic filgars 20 spd £1 walck are cobzirncted of norons
materlal, sush ss aluodun, permaabls to tha gfascs mad vapors
sperged fiom condult B bui impermesnle ©o nateiyst Yfinea™
gutreined in the gasedus affluect. Filters EC aﬁd £l ars
criipdrieul end ere closed st the bobicm ends. A aubatantisl
sppnular spage is provided betwesn the wall of the fiitars and
the wall ot the enclosing conduit far ihe puasage of gaaes

and vapors and entraincd salbslyst upwerdly through the anommley

enda of fiiters 20 and 21 are mesnted inalds conduits 18 snd
17 oy meeng of chelosure weans 22 snd 23. The gases and
vaphre pust pass bhrough eltber or both filter 20 and filter

Z1 bo reach outlet conduits 24 ang 28. Edeh of the (ilters

(5

ouatsids diﬁmﬁter, the filter walls hBaing apprnximatalyfﬁfé
of &sp inoh bhiok. _
. _ . Union of the verlous comcalis In the usper ;DDI"EiE?DEr
of tha standéipa 10 ia meds by welddng.

hen walng & metallic iren cebalys: 1ﬁ & ficely-
Aivided sista, ususlly between =boub 40 snd sbout 150 miercual
the beaversture uf reastion ln ceonduit B ie Detwesn SEQOF.
and about G509F, A pressurae of sbout 80 poands per zduars
ineh gage heog Leen found to be gquits safisfaotory. Héwéwér,
va}iaua;preaﬂures anove =pd below tals may be used withoub

depBpting from the ssope of tods invention. %ith a veloelty

'graatar than L0 feet per 3econd in ponduit & the reastisn :

#ime 1s less than 3 seccids par paaa; Dperating =2t 2 g&s

gonduit B will preoduce & conosotraticen of about 12 pounds of

0
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ihatziygt per euble foot of pas lu bhe vsrilesl section of
' i}anduit f. Similarly, 31 the loadlyg is cut to asoud 4 pounds
i

e cuble foot ol pas the sonesntration of cataljyst in Lne

N |%artical zgption of conduit 8 is ebouk 8 pounds per cukic footy

5 EFn 211 chzcm the veiccliy of the gas passing through conduil
;F iz maintained sbeve aveut 5 or & fest per second in ordsr 1o
éhravent g formetlon of & dsuse pacudo~iiguid chose nf %

g#atalyst ard Lo @asurs & conbimwons phase of catalyatl din i

_?conduit %, In operating at sweh high veinuities the cawalyat

ils sntrained in the gesscus mixtors snd flows from ths lower

:purtion of soodwit 8 b the upper portion thersol apd zetiles

?or seoarales from the gegecus mixiture Zn coniewl sseblon L1t

arad anlérgsd copndnit L&. The gasecus portion of thes mixture

From condguwis B Flows upwardly througn the Tilters E0 snd Z1

1% apnd ingo ke respsctdve outlat conduits 2£ and 8. Ea;aratsd:

catalyst Flows dewnwsprdly through comdult 10 and By the

regulation of valve 13 is introduged into counduit @ at the
deciprad rhlba. The deusity of the ¢betalyst in condnit MO 1a
meually soout 50 sounds to 110 pounds per eubic foot of

an Tolucs,

In aone Lnst&nées, the wnzat of reaction may Le ro-

moved 1y conling the catalyst and using tne ssuelble nest of

the opatalvst a8 = mesks £or pocling the reaclion mixturs in
the reaction sone, Lo accomplish thls end, toe aatalfst in

4E PEis partiouisr epparatus mey be oooled in conduif 13 by

2

introduping & ilgquid, sush B WwitsrT or Lowinerm, tbrough con—

fult 12 inkg tha mooulsr spage Letween coneselirie oondults 10
lena 1l. The evaporsilon of the water or Dowtherm in the
agnular apane remavss m l1args porbiorn of the heat in the

=0 eatalyst. Ths ogoled: ~gatalyst ie ifhen introduced into uonduﬁt

—lf
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20
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'|the vert‘ual sgotion of conduit B sod cal;bratlrg the rennrdE?

18 inte ﬂmniuit 9._J”his'céﬁtwol of glide walve L5 iz obbaine

memng of cnnuulb ??"hnd 51 tu- the wpper @ndé lower porticns of

|
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;
| |
iB for reeyelicg through the roocbien zons or copduit B, :
Eﬂnnduit 2 ey Do cooled ddreetly itself oy imdirect hesy sx-
iuhﬂng“ {mot shown) without deperting froem the acope of shis é
linventien, Vepices obher methods kncwn io those skiiled in !
tﬂe art may be u=2ad to cool elilisr the reastion onixtsre in
Hooncuit 5 or the cotolyst in condunit 1O without departing
‘fram The =cope of thla d-wesntion.

Slnce toe pressure diifereatial Setweoen just pelow
alide valve LZ and the upper portian of reactlon Bone B may
very to B conalderabls extent, 1t 1s necessary fLo.control

glide valwe 13 to comperszaie for the pressure differantial

in apder to obtain a conatank flow of catalyst from standpipe

sd by uonnactinﬁ & diifevantl1l pragsure recorder 23 by

-

standnlpe lG aa-snﬁwn, ﬂnd traLsmitting changss in préssurs

ﬂiffarentLal tu SLlﬁﬂ valvs 1& 8 thet whoen the pressure

jG@iiferential ia ln"raaﬂed valma 13 is clozed elightly end when
ths pressurz diiferantlal is decreased valve 13 ls opensd

allghtly. s conpentration of the catalyat per cublc Foot ox

1
Egaa in the veryiceal gacticm of oondueit £ may be determined by

lGUﬂHEﬂElﬂE & preasure differsntial recorder [(not shown) on

_faaﬁlhﬁﬂ dun terms of concentraticn of Latalyat. The gaseous I

effluent from elther condult 15 or 19 is prased through

Pilters 50 =smd 21 inte viblet condulbt B4 end g, raayactivaly?
Jsually ooly ong ocublet oenduic is uapd af & $ime. Thua, for
gxompls, the giseous aifluexnt passes throvugh cuilet comduls

24 to pondoit 3%, throwgn enodenser 54 ghere the effluent is

I
I
I
gooled ko abowt 40YF. at aperating pfeésure ard then pazaed . I




i

15

B0

(e

! I
o Bcomunletor 56, in seowaulator S, mERaUME COMPONSRtS |
|

sre soparated from Ilguld compeneals of ihe cooled sffluent.
neondepsed somponeshs of the elilusnt, sach s hydrogeb,

carbon wonexide, methane, propylsne, butslens, ilaal capathe, |
ged orgenle oxraenebsd tompourds, &re rasyeled by meapa of

condnite 38 und 44 end a compreasor or oLlower 45 to the

S fpam Epe ratio in ts original fesd. As shown, the raegele

lower portlon of condalt B in a ratlo of aboub iel to sbout |
i
% or 631 of volumss of recyule to volumes of freab aynihesla |

SAarbon wmenoexlde

goa, Yhe muount of warsrcted hydrogen Shd

1
iin the recyole gss delerminss Row much thg ratle of carbon

i

' monoxids ud hydregsn ln ths veaction zoze ttealf will deviabs

i ga8 1s insreduacsd into ne frezlr fesad befors tne satalyst
fa iptrpoduced 1nto the gaseous mixbters, nowever, the reeyole
mey be introdmesd luto ihe|gassoua nlzwure after bhs catalyst
is intreduced tutec Ehﬂ Pagd stream or tﬁa foed gaz mey be
introduesd into the gassous slxburas aftsr the intredention
of the cabalyst without depariticg frum the scope of this
invention. _

After passage of the gaseous sffivent through
£ilten 20 for & time, tho fllter Decomss ooatsd swd clogged

with catalyst fines which heve not sebiled et from the

gaaeous eflluent. In ordsr to rsmove thess [iass fromw the

catalyag filters so 82 0 shsurs conkinnous RR3ISAg of the

gasac2s piflvent tnrough the filters and so

catalyet, Hhe course of gaseous elfluenb is

1
H
ag to recovar the
chianzed to flow |
1
|

through f1lter 81 and conduld 26 snd a portios of the un-
epndansed affivent 1z pessed Incn atcummlator 34 by m=EnE ofé
sondult 38, compressor 41, sud conduit 24 te filvex BO, Tne |

i
3
i
i

prassura of the gas blowa the Iinea srom tha Filter into

-19—




10

=0
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| cubed saffloient catalyst is sarrled Dy the gas to affect the

SIBTEL .

bondmit 1B. Tas finse then settle in esndult 1B Lo standplpe
10, ODiher gazes then the wneondsused effluent may Do used
?ta ramave the fless irom the filter and way 2o introdwesd
;tnrough ling 48, 1f d=alred.

Tiguid oondensste ln sgownniator 36 i3 peised

tarorzl conéull S8 te separaiing mesns 48, wiich may represenq
papious zeparsatiog unibts, such as disiiliation celwma, ab-
i

ILEorptj.un nnits, extvackion urita, and the lice, e meparating

mesrs 48, water is ssparabed from orgsnie compounds end remev-
ed through line 49; oxygensted orgsnle conpounds are separateé
thepaln and removed tarcugn line 31; and aydrocsrbona apg |
geparsbad ond rapoved bhrough llne S59. _
Tnoondansed gis from ecommelator 34 net uzed fop
recycis, e00., Ls removed from the system shrougn condult
40 end passoed to oll and chenical recovery squiment Lo
110w .

It has bess Ffound fhat operating & aynthesls
Lroopan ﬁccardlng to this inventien, la wonich the synﬁhesia
{£ag is paszed through & resctlon fome ai = high velacity,

i
;good vields of preducts are reslized, Ordinarlly ona wouldd

telleve tbet lnsufficisct cotalyst z'or acceniplishing the de-
sirad reaptlion would be cerried by the gas at zuch Ddgh

velocities, out it has besy found Sast within the r=nge ingi-

reapkion beiwesp hydrogan and oarbon mapoxids. IT desired,
the syathesis gas entardng conduit B mey we prehasted; but

‘1% nes meen found that preheating the gas is uannecessary in
:noéé‘sinsﬁ:aﬂces md ghabh the sonbtact of the het satalyst from ,

0

stendpips LO with fresh feed gases antaring gondait 8 doea

nay oeu=e belling or egzlomermuion of the natelyat mess,

20—
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i . . . .

It n#g &lao been fowed, 88 previcusly meanticesd, that the wax
aad sapbon sontest of the satalysl wilh extsndsed use iz mash
lless tnen thet owbszerved ic the conventicual Fluid-had epesratidns,

Jerd it 28 pelieved the reasco for ihdas ls fhat catelyst-sddy-

£ ;currents are gqmininized ir nlgh voloellby cperationz wnich
éa}‘e&tl;}" ghertens thy coohact time bDetwean casbtelysbt and re-
ag ban e per radz, LoBgar oRLalyst liTo wmay ais50 redult from

shortsr contact tHihg per 98 babween reaclanta =nd ¢atalyata.

The above thesry Is oflersd mersly s o pessible explanetion
10 Lof thg-&xtandeﬁ Life of the gatalyst realizel in e preseny
iinvention #rd is not censlidersd to annesesserdly lismdt the
irvention.

Fip. £ of the drewings is =nother Dpossible errenge-

il ment of Apparatns switebis for carrying ceb this inveﬁtio&.
15 S:The apparatus shown in Fig. B may be substibuted for condulit
e apd sbandpipe 10 of %ig, 1. Jhe filter ssebicrg of Figures
L and 2 are wne same, LAccordlibgly, 4 gyninesls gas ccompris-
ing hydreogen and csrbon monexide 1a peisqd into a rsactlon
2ome 70 threugh & line 22, Heaction zooe 0 codmprisss =

=0 bundle of wvvbstentlally vertlesl twbza Tl through which the
gofas paga upnwardly inse 8 eylindriosld section T4 of a largar

total prosg~ssctlionsl ares bKhin fhe toiul] cross-sesticwAal

graa of tubes 71. The oubter surisce of tnbes 71 ara seplsd |
i off do Form 4 wmnular spsce T8 Detween the Lbonsr sarfaece of
Me outer skhell of meaptlon zone TO =nd the cubar surfecs of |

: !
£ - tupez Yi. & cooling {or heatizg) £luid may be pessed throngh

fond
1]

- apnular space T2 to caol [or heabt) the reacvion mixturs as 1§
pasyea upwardly through wmbess 1. Tabes 7L corraaponﬂ to
pputnis 8 of fig, 1. Unon resching enlarged gectlioon 74 the

&0 | wveloolty wf the wazecws wixbtwrs ls decrenzed to such B0 sxtenk
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thab ths estalyss seitlss from ke sLEluenl and passsd dowh

thyousn a ghandplss 73 inte fne lower portiocn of reactlion

zoize TO wWhere the sakalyat falla on ia dpswn ifito A high f

# ‘velosity gasscus atrswn pessing upwardly inso tubes Tl.

LN H |

L]

The lower poriicn of resactlon zooe 70 sud tiobes Tl sre of suan

‘o gerogs-sgeiiona)l epea Lhat the eatslyat iz entrajued in the
Ponseons sbresm.
5 Toe sooling medion iz iztroduced into the ecoulap

apaes VE through Line ¥ and ia withdrsan toersfrom thraugh

i0 lina Y.
I The reaction efZluert {rom resctor 70 pespes ap-
wardly throngh scndaits 17, 12, aud 19 of which the latier
| twe vontalz filters as previcusly dlscuesed wish reference
E to Fig. L. Cocdults lT; 18, ang 19 ars pthe asme sz cooduits
1B % i7, 18, spd 1% of Flg. 1. The gassous aeffluent passas
E from ¢concuits 18 and 19 throagh outlek condaits 24 and 26 to

epnduit 33, The elffluwent in condult 32 of Flig. 2 1s contienrsfi

! end swpazmted sccording to the desoription of Fig, L md 4 por-
ticn af the ungondenssd geses may e regyelsd {no% showa] to
pomdult 68, 1f desirad.

The crogs-gacklanal sred of cocdaits YY) with respect
Lo tna'quantitj pf g&ass fiowing therethrodgn la sueh thaes

the vetocity of the gkses is greatsr then shouk & fest per

gaoond, while the cress-gacilonal arsa of enlawged section

o 74 1 sSugh that the veloeity of thne gases is balow sbout 3

feat pap zecond so thet the catalyan may zettles from the
gageona eflient. Io sectlon 74, ¢ caialysi may form s dense
% paoude-ligulid catalyst phase naving a cooeantratlon of
cuapulyet greaier then spont 20 piunds ol 25 pownas per cubic
50 foot of gaa. In sueh & cuse, resstor 7O has twe reaction

sagtiong, tubea ¥ in which the gos flows ot a ralatively

-,
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| cetalyst end snlargsd section 74 in wnich the gus Tlows ab a

515757

bigh velosiby and wita = pelatlvely low concentrasion of

relaglvely low veloclity asd with 4 pelutively high aomcentru-

tlon of catolyst. The sams 6iiest mey e dchlsved in the
apperatus of Flg. 1 of the drasings Ty sxisading the leagth op
sectlon 16 ond adjustirg the aros: ssotlon thereol such thag
whe veloclty of the gdses tnereln ars anprooeiate for she
Formation of & dense vesudo~liguid satslyst phaza. In thils
waner, o high velogity sentlousus gatalyst phase wlil exist
in condwit 8 and a dense pagudo-ligquid catalyat ghess will
gxist in saction 16.

A moveabls valvs 6% is provided at the letwer and
of etandolpe 73 to pontroel the flow ard diapsrsion of tne
catalyst inko the g3seous atrean. Valve B9 mAT ceusa an

agpirstlon gifect LY Sne deflectlon of the gasea passing by

snd ug B rasult of whilch Ghe datalyst ia drawn inko “he

capaous atredn. -

4

Flz. 3 gives o dlagrammstic Lilustraticn in eleva-
ticn of snothsr arrangemont of spparatus for the svnthesis ufg
bydrosarbens according ¢o Sthe present inventden. The apparataa
in Flg, & L= very similar in operstlon to the sposeeius of
Flg. loed Plig. B acd thuas only & brief dAlscussion of 1tz
opsratigue will be inclubed. 4 syathesis gas pesses thvoush a
gondnlt 104 $p 2 resctlon chamber 1C0u. Foactlon chamber 106
comprizes 8 bundle of yesction tubes 107 asurpounded by a shell
10& to foro an amnuler spase 109 belwssn the ounteide il ematar
of tubes 107 end shell 108, Aommlar spAse 100 is for the
clrenlation of cooling $Iuid zround pecebion tub;s 107 dn
order bo malntain the tempsraturs of reaction sabstentially

eonasant. Thne coolling flnid, suah =g Dﬁwtherm, BILLSTE

e
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1
|
‘annular space U@ toroagh gondadt L3S. ke preasure io

lannulﬂr spage 109 1s such tnat the Tuwihsrm hoils Deiow the
Eﬁesirad tepperakore of reactlen in tnbkss 107,  Ths reporleed

)
! Dowiharm passes Pron susular space 108 through coadult 11%

H
lto sz sppamslaotor 1le. krom ageunulator lld vapors paas

i
§ithrough line 115 to a4 condenser L16 in wkich substaublally
;}all of tha Bowbherm vapor is aondensed, Condossate from
i

il poncenser 115 pazses to maowaulasor Li4 through condult L1E.

| Fpom anoumulater 114 riguid Dewthernm is pecyelsd to anpular

space 109 ihrough condwll 113, Any uncondsnsable vapors  ors

i removed from the gysbom through sondult 317.

b rzaption effiuvent eoocprising reactlon proeducts

gad finely-~divided cutalyst entralned 1z the resciion affluweng
is pasged to & settling snd sccomilseticn ohamber 120 through ;
condult 111. Chamber 120 comprlses = wppeT settling uhamber?

:

121 end 8 lower accuaulahion chamber l2w. Ths grossz«ssoklong]l

area of sBattilng chamber 123 is such thst substautialiy all

of the cotalyst separgbas frem ths gassous el Pluent and flows

downwardly through = funngl-shaped ssptue 12T Iato toe lower

porticn of aooumaistlon chamber 128. Gasss containing o small

snount off fine catalyst pass apwardly lo gebiliapg chambsr.lzl

il ntoe = cyolens seperatar 122. OGeges from gyclone sscarator

122 wpe removed Lherefrom by condaii 1EF mnd may be treated

1o the afnaer nerstolors {deseribed, Separated ©ine gasalyas |
' i
iz remeved Trom oyolons seperator 122 by mesns of & concalt

184 mmd vaesed bto funmel-shspad serowa 2%, 4z =hown. Firoely
divided g¢atalyst ecocumelatse in agcumnlation chamber 128 to
g leval above the erd of the fuuonsl 15T in oyder B0 prevoot
the passegs of bhe gossoua effluent downwsrdly through
funnel L&Y. A4n seraiblon ges, such as hydrogem or racycle

o gagd, ia dntroduced inte tie lower pertion of Stluduwlaticn

-
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| e1lowing for certraction, A rescsor capanle of & 40 feet per
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snapber 120 throagh condwit 13E aszd is injecbed leso bhe

spontmletes cabulyss thersin By waans-of disperzion meansg
F1¥s whioh mey eompriae a pericrated soudelt or the like.
|
|
I

Spressuls then sebtiing chanosr 121 Ly ipsrodoeing & 08

hoeurulater 1256 msy ve nainlsined at & subobantially hilghsp

ftneredn through conduit 1¥l, AL desired. Iy malutuiuing she
épp&ssure higher in champer 128 fhan in chamber L5l Dasaage of
;gaseous effluent into ihe soounulatet catalyat is prevented.
Tropsuring gas and aspation gag wmay be pezsed, if dasired,
from charoer 1558 ta pheambper 1EL throeugn gonduit 134.
Alternapively, ssretlon gas mey bs pussad from chagbew 123

through condait 121 if thab conduin ls nol belng.used Tor the

Hlntredastion of & PrEssuTing SE8.

Accurmlated catsiysb in sconumlator 126 pagaes

i hrongh & gtandplpe 1E9 ©o condudt 10¢ to be mixsé with frash
éreed.

Uyelone sepapator 122 may e omltted and dn Ite
place smother Lype of ssparsting mrans may 28 used, auch &z

the filter means of Figures 1 mng 2. Variousz other medifics-

itioms of Fig, 5 may bscome obviows o those skilled in the

fapt whthont departing Prowm the scepe of this invention.

sasuming & reastor izlet gas walume of 25,000

% npendapd gubic feebt Cer hwwr, B reector ccusisting of four
tubes havlmg sn inaide dlaweter of E dncues would operate

at & meximar lilnsar weleclby cff % feet Dsr second. Using &
twbe length of 36 feet, veloelty of 9 feat per seocnd would

| correspond to about 4 seeonde of conthcht bime per pess,

i sepond linear velocily and 5 seconds sontinot Ttims per pEad

wouled invo.Ta a flow path or abowt 200 feet in length,

= H-
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ls single hube having a 2 anch lealde dlameter wight be sub-

R TEL

Bl

srituted for the four tubes having & ) inch inside disanetes

Pt

Y

Lwith subatenbielly the ssme velosity and throughout. :
1

Varipus mofifilesticns and siterations of Shoe

5 apparajus and flow spewm 1o Fipspees 1, B, and & mey be
precticed by btheoas skllisd in the arl without deperiing from
the soope of %Shis irvention. Verlous coeolers, condenzers,
:uiatillatisn onilta, mad other cgpsrating means have oot besn %

showr, Fop 4 watsier of converience an® eimpilcivy, but Tthedr

10 areserts Will Be obvious to those skillsd in the ert.

The folluowiug exempls 1z offersd sa & meens of
hather understending the applisetion of She present inventior

to tne hydrogenzlion of ssrbon menoxlde and the speoifle re-

fpitation of fertaln limitsatlicons thersln is nol considersd
- tﬁpneuaaéarxly 1imiting to the pressst lnventien.

L EXANELE
s Tn secoréapes wita thiz invention an iren eatalyst
_ 'ﬁﬁsfﬁraﬁarsd in the falléwing merner, . 13,800 grams of

, Fpﬁwdﬂra& Alan Wood Cre was mixed with 66 grams of Ti0p snd
20 . 175 grams of ZOB by Iformding £ solatdon of the potaasimn

hydroxids dissclved in 16060 ml. of distilled.water and adding
Cihe sulut;an to tke Aalen Wood Opra. The titenlum diexide '
:was edded to the uixture of potasaine bydroxice selution mad
| thia antira.mixtura.tnofoggﬁly agitated for atout 1& or EHD?L
25 minutss. The wet mlx waé dried overzight 1n poreglain dlshes.
st ebous 210°F. to about QEGDF. The resulting heared éry oske Jaa
groued to about 20 mesh in & disc will. Tas flrely-grouud
moterisl wee fused ot a bempsrature of ebous 2600CF. to

ghent EROOUE, After fusing, the material was brokem Up inte

0 {1apge ohunks snd ground sgaln lu & Glze will end pulverlzed

-
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4 & hall plil.

The pulverized materisl wae then pslletad be sboul,

13716 inck to 1/4 inoh pellets end wus recuoed with hydrogen
H
{EE ADout 1400%F. to 180G°F, for sheut ten Zourd.: After re-

b3 ductlon of the pelletas wlth. hydrogen, bhe Lellets wera rae- i

Jpowdered Io 4 ball mlll, The redwstice of the fused mizture

1
[

saas carried cut in a flxed-bed operatloes in wnich tne catelysd
formed & 2istionery ped of pellets in thw resstlon zone,
Alen Wood Cre comprises sbout 1 per cent toe B par cent

g i'r alvwsing, about 1 rer cent silice, sud less thog 1 oper cent _
titanivn cxlde, and bhe remsindsr irez oxldes. The resultiog
catalyst sontadns in adeidion to Lae lron, akeninz, titaniun
dioxide, end silics, sbout 1.8 por cent %o abozt L.4 per cent

i potassiuwa oxide. The sise of the prepsred oetalyst Lm shown

15 i Tokle I Galow: ' !

TASLE I
POWLERFD IRON CATALYSET
PAHTICLE Si%h

. w0 . |[Sersen Analysis Weisht Per Osnt
. Mazh - 7
¥ 40 - !
40/160 245 ,:
W 100/20C 8.1 :
L 200/Fan 15,8 5
' oo .2 i
; 100,70
. Eoller hnolysis
ag “HIeramsTT T
- L-10 . 16,2
10-20 - 17,0
B0—-40 ' 1842 ,
40-60 : B4.0 :
G0+ _ E5.6
Reoovery - % ug L8
Denally (basls woter) .k
20
! ) -
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| Huving orepared & ofualyst obf the desired propsrtieé

:?nd the regeirved slze, the eacalyst was Introouced ipto & oon-

;huit, glmilap e conduit § of Pig. 1 of She drawings, in whioh

; mixpturs of nydsogen mnd carben moncxids woa Flowleg npwardly:

%t a reletively hiph velocity. Tie epndl tions of reactic: and
e snalysis of The produet isg skewn lo Table I1 Beleow, In

f nheatantially =l) respects the appsrsfue uwsad for obtaining

ol

i . - : o
”uta dete ghown im Pabls I@ wis the §&0¢ 823 Lhe @DpPRPATUS ol
1

Fig, 1 of the drawings. In cotsinipg &eba varicus gas

velocities as well os gongecirationz of oatelyst in the re-
lsction Zors (copdult B) were wsed to detarwire lLheirp eifesct
lan the raastion =nd product. Alse it wlll bo motsd that tne
i ;
fguas. 1o some ypuns, especlally the later runs , ths temparatuers
; ;

proasurss used veried from 50 to 150 pounds per sjuare inch

of the inlat Teed gss was decrsesed Lo & Deletively low valus
to determine the effect of conutact Detwmen relatively hot

catalyst and relablvely sold gus and whether tamperature

i| pranditions condd be melatained iz the reacbion fone. The o=

aatlon efflusny was wilthdrawn froo ‘he rezciicn zone aftor a'L
ralatively shopt nentact time »ltn the catalyst. The catalysé
seﬁarated by grevity fron the sifiusni in an anlerged seatioui
t of the apperaims md pessed by mesms of = standpipe, sush

&a gondmis 10 of Fig. 1, to the point of introduetion of +hs

pabalyst ioto the synthesls gas strean. Tos effluent paased

thnrough filters to saparete [ine esbolyst therefrom. The
filters were clemed intermlitently or econtinuously by Flow-
ing resytle zas haok through Then aw previsualy explainad
with peferencs 50 Flg. 1 of the dreawings. Tas sfiflwent thexn
oagsed torough A condenser at 4097, and ef operating pressurs
gl unahnﬂﬁnsed:gasss were recyclsd o 8 point Just ﬁefore

the first contect of catslyst snd sjntheals zas.

~2Em
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Cutelyab 1= Lhe atandpdpe woas qmintained at abont
BOCYF. by meanz of elzgtrical heating slaments wound arcund

tae 4 ilnek joekst surroending tke 2 inch seandpipe. Vapious

predaternivred léndinge of the cotalyst inte tho synthesiz gas
5 Byream wers wssd sud She sendsney for vardeiics in lomdings fuﬂ
1 .

deny partlculay pob ceussd by varistlon 3n Aifferanthol preasuﬁe

on the Bottom of the skandpips by a conventienal ditfsrentisl
Fressure retprdier responsive o ths differeniial pregsture he-:

in

?in Lhe reagtion zone was wmipimized by contrclling e slice valve
twesn the top 2nd hotoom ofF Lie standplses. The differschial
i

1

i

!

pressure pEGOrCar wad set nt veriows reafings of lagnea of

pwater depsnding uool Ths cabilyat fosding dssiped. The oo

lgentration cf csbalyal in the resctlo: zoce or elongated oom-
Edﬁit wea deTormined by the ditfepsntisl pressure 1o a 15 foot
15 {vertiggl'section of the condait. 108 overall length of the

}reaetidn mone was Hbout 26 fept and 3-1/2 inches, i.e., from

the po;ﬁt the getulyst was first pontected with the synthesis

&ag and the point whers the satelyst was separated from the

renction sffluent.

a0 : Yne wveloclty of the ez stramm was 2o grest that ;ﬁ .

|| the catalyat was entrained l1: the aynithesls ges stirean

throughous the redvklon zone in & sountinuous phass withoud the

formatlon of tko sooventicnal dense p&eﬁdn-liquid mhase of

eatalyst.

£
E

£5 Gaa blseds Inte the icatrument lires were used Lo

iprevent sobsalyst froa elogging dnsitemnert lings and lostrumenta,.

In mgme cazes recyole pas wae wgsd 63 the bleed gas, in ﬁtneri
Inetances hydrogen or Trash faad zas were ueed., ) i

The catalyst 1x the stacdpipe woes peraited Witk re-
o0 .| oyele gas or nombined inlet gde In most instances,however other
|| guses, sach 88 cerbon dloxide hydrogen,nitrogen,snd stesm could

kave oean used it desired.

e ] e
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un From the above datz 24 1s spparenit Lnzi the produﬂt!

i

%icns weiag o eonventlonal decze ghuse of cotalyass, It ﬂhﬂulﬂé

d pesnllba in genersl pompare favorably wlbta Fiuld-bed onera-!
i i
be noted that o considerably Lower rotls of hydroge= bo carbon
%ouaxide In fthe feed gos le ussd then 19 asually prachiced in
#1uid-bed epareticne. Slezue fthe consentration of eatalyst 1s
.o small ma conpered to other Type cperations, the amoant of ;
1&talgst per unit voliwee of mas throughput is correspondingly
%mnll.
<t i3 asznmed thet o pzbalyst slip of ebonb 50 par
ent la pressnt in thka vertlorl szoftion of the resellon sona,.
etuelly, tkersfore, the catalyst 1oaﬂing ef pounda of

|
gatalyst per.cuble foot of zoo may be cvout half the oonpentrad

ton of pafalyst in the reacticn zone. Tous, ior & conceniroe
thon of 8 pounds per cuble foot of gea, the oetalyat flow was

,ﬂlculated to be nbouk IOO0 powlds per houp.

Whan opagating at 1 41 retlo of hydvn&en 0 anroon

ATy ey _
= T, i

1nnnxiue, RE in Tk i3 to- E&, with o resyole ratio of aboug ;
Ao
§:l to &§:1 the gas dnlet compcaition {inelnding fresh feed

tnd recycie Eas) was about 18 per esat carbon montoxide snd &

EOTIE .

iarn eartsis puns, It was found that with & catzlyst

H

.

Loading representsd by a differential praasurs of 80 inches of |

ﬁatqr the flow of omtelyst in the reattion fone was koo zresat
EG permit wnifors settling in the stapndsiss, However, with a
arger dismeter or longer sbendpips or bigger slids volve,

vadings higher than that representsd by BO inches of water

gould be used satisfactorily. In ran 24 s combized inlet gas
iemperature of 150°F. wos wswsd, Wheo fperesing ot a combinéd j

pacyele snd fresn feed gas tewpereaturz 4= Iow os 1S09F. it wasi
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. . o
\ecassnTy to mainbaln the cabalyst tewmperaturs ab least H607F.

te ensure a suffislenily kign reactios temparature. [he

.-

catnlyst was mainbalzed =% sbout SE0YF, in ths stendpipe by

heakiry the sajalyst eleotrically, as previcaaly dlstmassd,.
fitn the pressnt equloeent, the catolyat gould not be maintain-

ed at & high eancuph bamperature bo permlb 3 lewer 1nlet gas

tempﬂr&ture. It iz believed tods an inlet gos bgmpersiura &9
;1cu as 1GQY¥F, or fowar cowif bg ussd i7 the catalyst cowrld

‘be meintained st HOUYE, in the sbandpipe, i
{ In Faug Ho.'s 20/through 22 ¥he neleclbiviby appeare
to Ts good wlth 21 psr cesmt G0 - {0p and a/ainilar;ameunt of

B0 - 05, Analysls ¢F the protuct of mun B9 dndiested that

mhoug 40 per cent of the comdensed oil cowprissd oxggemstec

T

pompounids of winich 18 per cent were aedids. Tie waebter contalne
Lbout L4 per'nant chenleals, avproximately half of which wars.
Ecids. b yielt of about 40 ccfm;_of totel oxyEensted compornde
raLg obtaiﬁed.
Operations at 250 pounds per sguare inpch prassure
heve proved to be sucoezsfui with resulits aomswhat similer
Lo thoae at lower proasures,

A& wlll be noted, o exdternsl coollng of tas ra-

acblon system wes naed dnring the pres:ni set of runs far the
brdrogenation of carbon menoxide by the provess of this Inven-
tden. JIn faet, heat was added to the aystem through fne :
cebalyzt stsndplipe by slectrical heating ceolls around thg
jacket ol the staﬂ&pipe whiph- aoninldedsPamthsrs onder pressuia,.

e reaction zone was heavily lagged =id elsctrically wound Lo

B SR dubstantially sdiabatle gocditléns in Lhat none. If
the ertire amggewbly of apparetus had been compleately adiabatiﬂ,

ancd if the reactlon hod Peen ofrrliad nub on 4 lerger scdle,

BB
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zoolizg of tne stendpips or the reection zono would probably
1 ;
i 1
@ava been necekaary, ouch eooling gouid heve beso carrled

n

!

i . s , . -
aglif by contanh with s ccooling medivn survoanding the regotion
th

N

E]

[FOTE guoly or cocolisg with wawer or Loviowre, o by Lotroducing
1paiatively toid Feed gas or celd rooyelo gas or 26th.

4 :

i
i

|braviou51y deses-ined, bat whkich hsd Desn weed 1o conventiceaol

Prior to run 1% an Lrow ssetelyst gimilar to that

derag=phase, flald-bed operstloen for about 400 nours, was subf
zoituted for fhe original cutslyst In carrylog owt the Dvhocossk
e eomposition of this vasalyst polor to uze iIn the prooesk
iz shown In epingm 1 of Table TIL. Afber Uhe cataiyats hed
beaes used [for o pesdeod of fwo deys, five days, 2nd ming dsys,
panlyzis of {he catalyst wews made Lo delgrmine the cffcet of
this bype aof rezelion oo nhe esrbon and ell eontent of the
cabalyss, énd alzo upon bthe oatslyst sie. This dsta £33 shown
ir Table XIT.
TABLE 11x
CATATYEHY AWALYSIS

£ dayg o daye

Chemioal &nalysis Cherged ¢ news
011 ¥ Wex 4.0 445 5,5 5.E
Carbon 23,1 25,5 25,4 24,0
Total Epon G6B.3 BE.& Gla.d §E.0
Foller fnalyals Welght ner gont
Miopons ' b
=18 0.2 . 1.4 R
Lo=-20 “ Q.87 2.8 Z.T
E et T.5 0.2 1.9
(-8 . 22.4 33.3 S2.4
i ac -+ 68,3 LY 44 .6
It
i Density Bod 3.1 B.2
s tne data of Table ITI Jodlcated only a slight chang

1
Bin pnemicsal eompoaltlon apd gize

o

L : .

af the eatalysb from the

e e R e e
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lerizinsl meterlsl introeducsd su ke beglooing of run 2, Wha
|
1 - - - . - =

woax eongenl ivccreased sbout l.o per conbt sod the fixsd LR

:pcnt&:t irnpressec fhout B.3 per senb. A decrease of leas ;

E%han b e pent in $he yotml fron waz udsed, Yoe partlols siz;
vanyels Andicslea 4het the cntalﬁst becemne sllightly finar

n use, From bhesze resulis the estslyel composliion in the

sivoulelley aystem of ths preosnt feventlon was probebly mors

eroble than with the conventional dsnge-phuse operation using

a finid-bod.

This Fnvention hes been deseriped vilth papticounlar

'%f oparation. However, various modifigsalicra of ths apparsatos

lamd verlooe operating conditlons may e used within the 1dmies

refersnoe to apecific apperecnz :ud o speclfPic copaltdons

Hisclosed withowt departing from the scope of thla ioventiom.

Essentinlly, the spparstuns deslgn ltsell wast pezmit high

- ,_.....
L)

velopity of gases in &t leest a portien of the rezctlon sectly

1
BB o




ﬂ The smbedinents of the invention in which an

|bxcluslve property or privilogs is clalmad ars defined ez

E?ullows:
%, 4 proceas for the hy@rcgenaticn of an oxlds of
i?arbnn to produce organle cowpornds bavlng mors then cne
5Earbon atom per maléaulaxwﬁlaﬁ.compris&a Introduoing &
finely—divi&sﬂ metal - _hyﬁrﬂganating cataly=t compriaing ivon
hnﬂ 8 gagecna olxiure cmqndaing hydrqgan and an oxide of
- :@arbun into the lower portiﬂn of an slemgated reaction zone,
%passing gesed upWard throogh sald slengated reacticon sone
éft & linear veloclty of at lezst sbout 5 fest per ssoend to
tanspend sald catulyat in the geses such Yhat the concentratlon
of cabalyet in g=ses is smallsr then the eomoenbtratiom of the

aams cetalyat when utlllzed under cparatling conditiona to

iﬂiviﬁad metel ocatelyst movea in the diraction of flow of the
kasas through sald elongated rsastion zpone, maintaining
gsuitabla conditicps of temperaturs, presenrs and realdenco
%tima fuf the convoralon of a walor oroportlon of apld oxids
ch carﬁon in said elongated reaction zome, malntaining the

temparature of said reaction zons at at lsast 550“?.,;F3331ng

ohtain & d4ense phese catalyat bed end such thet finelyw H

from the upper portion of 3aid alopgeted remetion zome & i
gagsous offluent containing finely-dividsd matal hydragan&tiné
satalyst Lo 2 sepavatlon zome in which finely-dlividad uatalyaé
ia sepAreted From gases, racoverlng from gald afflusnt organly
somponnds hsving moroe than one carbon abtom per medacnle oa
praa;lcia of %the procesa, withdrewlng catalyet from aaid

aspervetlon zome, and pasalng catalyst thuas asparated to tha

:1ﬁwar porticn of mald elemgetsd yeantlom zome at a bemporaburd

hwiﬁhin gbeut 20°PF, of the reecticon Lesmpersturs.

:2. A progags fop thﬁ hrdrogenation of carbon monoxida
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;to producs orgsnle compounds baving more than one carbon atom

15753

?par molecule which comprizses Inkroducing a finsly-dividsd

QAL et

chydrozanating catalyst eomprlslng Iiron and sn alkall a#
.prqmoter and & graems mizxture compris ng hydrosen end carben:
menexdde Inte the lower porticn of an aloneated reaction
:zcna, paasing gases upward throogh said penctlon zone at &
linaar valccitj of at lsast about © fest per seuond to
suspend s8id satalyst in the geess auck thet ths coneenbrd~
tlen of catalynt In sald geses ts smaller thean the concenbra=
tleon of ths game eetalyat when utllizsd under opsrating
pendltione to obitaln & danse phese catelyst bed apd such
|that finsly-divided catalyst moves In the dlvection of fiow
?af sald gases In sald slongated rsaction zone, nelntatning

;& tamperature of reactlon/at lesst aboub 550°F. 2nd e pressaps
ﬂbatwean about 17 a&nd sbout 500 pounds par squars inch [P
|auch that & major preporbion of the carbon monoxdds is
|cnnmarted, remoying From the uppsr portlon of sald siongated
Iraactiﬂn zome & gaseons efflwent combaining finely-divided
satalyat end prRasing sems to & seperation zoms in which
catalyat 1a separated from gases, recovering organic oompoundd
havipg more than one carbmm Btom par molesuls from the
gaaen:é effluent as producta of the procesa, withdrawing
catalyst from sald separation zons, and posaing catalyat
Ithus aeparated dirsetly to the lowsr portion of geid alcmgated
reactlon zone at a temperature net lowér than aheut SCEORP,

3. The process of clalm 2 in which the linesy gan
veloolty 1s between abeut 8 and sbout 40 Teet per second.

. A proceea for the hydrogenation of carbon moncxids
te produce orgenic compownds hsving mors then one cerbom atom
per moleculs uhich ccmprises introdusing A finely-dividsd
imetal hydrogsneidng catalyst acuprising iren and a gassous
;mixtura comprizlag hydrogen and carbon monoxide lnto the
lowsr portlon of an slongated resoblon none, pasaing goses

apward through said 2longated reastlon zome &t & 1ineapn

i ﬂé @ -
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i yelosity of at lesst sbout & feat per sscond to suapend said;

satelyst In tha gaszes and such thet finely-divided catalyst

i
ommbtinnonaly moves In the directlon of flow of games In Aaid|

i

elongatsd reaction zone, mainbteining & resctice Semperabuars
hetwesn sbout 550 and aboui GE0°F. and & veschlon presyura

betwesn abkout 10 And ebout 500 pounds per agquare inch gapge

such that a najor preoportion of the cerbon monozide ls con~

rartod, meintaining the reactlon tawmpersturs wlthin e

I relatively nerrcw range within ths abeve temparature range _
Y by Indirsct heat exchange with a cooling wedlun which in &t ;
a tempareters spbstantially belew the tempereturs of reaction,
removing from the upper portion of sald sliempeted rsaction

zona an sifluent contelining finely-divided cotalyst and

pRaaing g&Ms ko & sepsration gzons 1p which eatalyst ia

separated Trom gaszea, cooling &nd condanaing said afflusnt

to form a vaper phase &nd & llguid phase caprizing organle

T 2T

cogpomds, resovering from daid 1fqgnid phass organis corp a

i ag produants of the prooeas, racyeling at lsast a poriéion of _
) i the Tapor phase to the lowsr portion of said alopgated raaatinn ;
cone In a volumetrie retlc of recycle gas to frach feed gas |
of about 0,5:1 te abomt 10:1, withdvaiing catalyat from

said sspapation zome, conbantling catalyat thus ssparated with

8 hydrogen=-comtaining gas, refurning catalyst thua aeparated

and ccontacted with s hydrogen-containing gas to the lower

A R S

portlon of sald elonghated reaction zome at =z temperatura not
lowar then abeus SH0°F., conbrolling the »ate of veturn of

e R

said seﬁaratad catalyat te the lower portion of sald ]
1 alongated raacﬁiuﬁ zone auch that satalyst loading rate 1s
gt least | pounds per cuble foot of gas.

H. The process of elalm } im which said ydrogenating
catelyet ccomprlising iron contedinz an alkall and the presaurs
ig beitwesn ebont 00 and about 300 pimnods per sgoars inch
cage. L .

F B, 4 process for the hydrogenatlon of carbon monexide

e
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i %o produce organic. compounds havlog mors then one cerbog

E ator per molscule which comprisss Introducing a Ffinely
: divided hydrogensting catalyst compriaing irom end sn alkell
i a2 1%z pronoter containing no more than & minmop Proportiog .
: by walght of materisl whose sverage particls dismeber ip

I
greater than 250 microns and a gasaous miztuse conprising
Bydrogen and cerbon memoxide inlo bhe lowsp portion of sn

slongated reachion sene, pmesaing E2328 upWardly through sald

alongated resetlon zene at a linear voeloelty of as loast

gbout 5 fest per second o suspend astd Tinely divided i

i catalyst in the gezss sauch that the conceatration of catalya%

in said gases 1z not greater than abhenit 25 ptunds per ouble

R EE

foot of gas and such that Finely dividsd enbulyet moves in

the directiom of flow of sald gases in safd glongated ro-

actlon zone, meinteining a4 tesmpereiure of reectlon betwsen

e

shtut 550°F. and eboub 650°F. and A pressurs hetusen about

T

10 end about 500 pounds par aguars inch gege such thab a i

T

wejor proportion of the carbon monoxide i1a converted, cone

trolling the tempersture of reaction by Indivsct heat

axohange with a oooling macdium which 1o st g subatantinlly
lowsr temperature than the reaction Ssmpevasure, removing

from the upper portlon of said alongatad rsacting zone a
- geasgus sfflvent contadning finely divided catalzat and
i ragsing ssme through an unpesteicted ¢opnflined PassRgowaRYy
4 to & separation zoms in whileh catalyst la sspareted from
gasea, recovering corganle compounds having more than

ang carbon atom per molaswls frem tha gAsaons

affluant as products of the Frocead, withdrawing




51 57 5%
catalyat from sald zeparatlon sane, stripping cnbalyst thos j
withdrawn with a Jydregen conbelnlng gaa, and returming :

catalyst thus geparated and strippad dipsctly to the lower

pertlon of szld slongated reaction zome 8% & substantislly

: highaer temporetnra than the gesacuz mizturs comprizing !

i brdrogen omd earbon wonoxids Introduyced Into sg21d reaction
zene =nd st a tomporature of at lemok S50° F,

7. Tha proteza of slmim &, 1n.whinh the liasan i

wveloaliy of the gases pafging upwardly through 2a1d elonpgats

reactlion zone la between aboubt & end about 40 feet par =econd.
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