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518050

" This lnvention Talates to the eatalytic eynshesis
of hy&f&cazhuns and oxyzensted hycrovarions br-interactiOu
of carﬁﬁﬁ monoxide snd aydrogen, and uore pertleularly is
dirzeted to s#vothesiz of Llguié hydrocarbons predominately
of the type adanptabls for the uze as motor Tusl,

I¢ haes been known for somstime that liguld bydro-
sarbong, and sxygenstad aydragarbons, can be produced b
the eabtelytlec tresiment of mixbtures of hydrogen and narbon
monekide in tite presence of & catalyBt. ae t¥pical eatp-
1lyet for thiz reaction comprizes s metel of ths iron groun

such, for example, as irchn itself, niutal; oobalt or ruti-

anium; Proferably sasgeiasted with any one of the Enown

aetivators or promotars such as compounds of the alkelil
meiels or elkaline earth metels, cor aiumina {41203},

The fresh fesd gas or sa-called Eynthesiz gas i3
normally typiflsd by a produact compoged essantially of
iydrogen and certon monoxide in the moler ratis af approxi-
metaly two to ane. In many instzaees, however, I profer. to
cperate at ratios substectially highar.as Tor axzample,
2.5:1, or 3:1 or s high as 5:1, T% has beso Tound desir-
able in carrying cut the cotalytic reaction in question, to
maintain:as nsar as possible the predstermined rolar retio
throughout the ¢ouras of the vemotion. This ebjsetive,
howeTar, pfesents some AifTisulty sines the progress of the
resction does not eppear to uktilize the two reactants in
thelr original pruportions wlth the result that the mpler
ratic at polats subsequant o tne point of fnitlal santact

with the catalysi 1s progressively altered.

More zpselfieslly I have observed thet ipm the typas

of operations with which I am familiar the molap ratio of
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. position, during the course of the resstion, by the addision
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ﬂyﬂregﬂn_mﬁ carbon mozozide of tis residusl unreacted grass
tends to Inersase as tihe resctants move through the contaect
masa. This obaervation covers the moymal type of operaticm
wherelsn the synthesis gas iz passed throush & catalyst mass

in conventioral manner within the cotiaum tempersture rangas

_ of treatment end over the substantially fall operating range

of pressures. It appears it 18 alise +4rue ion respesch to the
Tull rapge of hydrogen and esrbon monoxide molar ratlos of
foed gas extan&ing,.fur oxenple, from & Teed ges containing :
less hydrogen than carbnﬁ monoride to tiose where the molar
ratio Ie 5 and sbove, It iz strikingiy characteristia of
cperations empleylng 1rom catalysts although it mey typiiy to

I

a lesser sxtont, operatlon inm tkhe presemce of cobalt, nicksl,

or ofhey ecatalysts. ;
While 1t has been propossd to employ fead gases of

vary praclsely datermiped ucmpositian and to ad)ust the oom-

of gasea rich in ome or the other of Said reactents, this
procedurs demands the conetant avaiiability of gases of vary-
Ing controllsd composition snd theréfure Introduses & parti-
ciler turden upon scononlo n;aratiun.of the process,.

An object of the present iﬁvention is to previds ﬁi
process whereln the composition of the gasecus reactants may!
be malntalned substantislly abt or near ths desired relative E
mylar eompositicn of hydrogen and carbon ﬁﬂnaxide throughowt
by means which are ecomomlcal o operats and whieh utilize
praducﬁs ot the reacticm. Anathgr.abjeut contempleteas the -

eperation of the procsds as above in:a menner saeh that I

ad Justuent is made for a wilde variatiﬂn in the compoaltion
of tha feed gases thus permitting the uss of guses whioh way |
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!?ary somewhat from optimwn,. Another object is the sttainment

lof & hlgh atilization efficiency in the converaicn of Tesd
H
igas fo hydrosarbon or oxygenated hydrooarbon producta. 5

: In accordance with ths pressut invention the process

‘1a controlled by sdjuetlng the incremsed molar ratic betwesn

hydrogen and carbon monozide in later steges of the reaction,
: A i
with reformed. prodaets of resetion so proporticned ss to |

v

icompensata for tite inerezss and woua aspproack eptlmm in

later atages or zones of reaction. This is aococnyllshed prs-;

fearably by resctlng ¢ffluent produsts, such as gaseous hydro-

carbons end carbon dicxide to produnce a synthesls meke-up ges
|
preferebly of lower hydrogen to carbon monexide ratlo. At the

| 2eme time the desired reaction products Buch as tha highsr i

ﬁydrncarbonﬂ as w=ll as by=-product water vapor may be Sepa-

rated hétwuan_stagas and aubaequent'té_ths final stage of
operation in order te enhence the'raaﬁﬁﬁon. -

The aceompanying drawing ié'ﬁL}a or less dlegrem- I
|matic rﬁpfeasntatian of ome Torm nf'ﬁpﬁﬁratus eepable of |
saTrying out the pregent prucess.l Mb&é.particularly,'rarer-
ring te the drawing, a synthesis zas from eny sultable =oorce,
(0ot shown, pagses through linee é, 3 and 4 to the lowar por-
tlen of a reaetor § containlng a mass of catalyset. The
detalla of the resctor 5 form oo Dpart of the present inventicn

|land are thersfore disclosed only symbelically. While various

forms of reactors end éunditiuna of contast mass mey e wtils
ized, it iz sdvantagecus to smploy the ap-galled Pipldimed
jtype of reastor whereln the reacﬁiunfvﬁssal containg a pow-
iderad mass of eatalyst through whicﬁhfﬁé'raautant £EBGS paps
aprardly in duch a mapmer that they guspend each partisle of
satalygt and yet permit *aindered sétiling" er alippage of the

partloles in the gases. Operstlog ln tals mammer the catalyat

upder proper oondition of reactaat fiow assumes & fluld-like,

rboiling acndition of ool thermsl propertlies with an opper

| e
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surface in the nature of 2 pseude 1lyuid level, The reactor
ig advan%ageously eooled, sreferably by cooling =zunrfaces dis:
posed iq cqntaet with the eatolyst powder apd éupplied in-
ternally with a suitable coolant effective to Rold ths 2o0ie
ing surfaces At B predetermined tempersturs level., Under
these eopditions the reasctlon temparaturs throughout the mass
msy be closely eontrolled within a few degress of predeter- :
mined optimum. Schematloally, it is shown that reactor 5 ias
cooled by cell 5e, the goolent entering at the bottom and .
leeving at thes top thersof,

The gesiform efflusnt from.tha wp of Ireactor &
vagges threugh outlet condoedit 6 iﬁté'é separator 7 adapted
o remove the more or leaa inevitahié'small Jusntities of
entrained catalyst which ars raturﬁaﬁlin 2 know: mapnaer o :
the catalyat bed by means of standp;pe g ponbrollsd by valvai
9 lsading into the reastor 5 aﬁ a péfnt below the normal
ievel of oatalyst therein. The catalyst-free effluent

rassee through conduli 10 €0 condenser 11 preferably opera-

ting &% atmocspheric or other convenlent temperators anit-

‘#ble ko condense noymally lesa llpuld produsts, thence mve

sonveyeld by plps 12 %o separator 13 where condensad weter :
vapar and hydrocearbons separaie, water belng withdrawn i
through pipe 14 and o1l throush pipé.lba. Thiz pil produet :
from pipe lia &% well as gimilar pfuﬂucts derived 1o later _
stages may be pasaed to appavatus for further gaparation, i
recovery or other treatment, the détﬁils of which stepa formi
noe pert of the present lnvention. | I

The effivent zases frowm scparatoer 13 pass by line

15 into inlet line 16 feeding the lowsr portion of & seecnd

etagey reector 17 whlich may be substartisliy identical im
eonstruction with the rirst atage resotor 5. It sheuld be

noted that the present arrasgement necessarily coniemplates

-5
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g%aperatianlcf the prossmas in e serles of stages wherein only
j?partiﬁl converaion of toe reactants oceours in ssoh stape.
E:In the =xample illuatrated by the drewlinz oaly approxicetely
:EEUﬁ of the reactants are comsumed in the firs: stage. Tt
;imay pa fursher noted that, iz vliew of the wolums contrection
between the twoc svages, reavter 17 mey have advaniagzecusly
a' substentially smaller volume ozpaclly them Feactor 5. Mi-
ce88 heat of reaciicon Iin the fluiﬂizéa masz of resator 17 is
; carried away by & ooolant flowing through ooil 17a,

A The feed zases supplied throuzh line 14, and stpe
. . plemented s will hereinsfier aprear more in doteil, pazs

: upwardly through the fluldized powdered eatalysl in reactor
17, the effivent seseous products paséing through line iS

intc = secend separator 19 to removs entrainsd particles,

- Buch- partiales =8 recovered sre returned to the catelyat hLead

i by way of standpipe 20 and control valve 21, The separated

gagiforn products pess Lhrough line 22, condeiser 23 and 1ina§
! 24 te a separator 25 from which Gondéﬂsad water iz removed i
- Ethrougﬂ pipe 26 end normally ilguia ﬁraﬂucts are removed i
through pipe 26a. ike guaeous cfflueht fron separator 25 i
combriseg largesly or eatirely cerb0£ ﬁinxi&e end Hydrocarbon
' gagea, especially methane, which pasé:upwardly throcugh lipe

| 27, controiled by valve 28, into'line.ég supplying a reformar;
¢r aynthasle gas regenerotor ﬁD. The ﬁrudusts of tae reform-!
- er 30 conglating essentislly pf B gEyntiesiz gae mizfure are

i

;délivereﬁ threugh a Yine 31 %o supnlament the second stags

I feed gases in line 14,

Refer»ins more particulariy to the reformer 3&, I

“have inflieated o synthesls gas regenerator wilch operates o

i eenvert a mixturs of carvon dioxide and methsns or othor

-
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: hydroearbons to & product eontalining caroon mwonoxide snd

il

Iﬁ hyd-opgen substantlally in the molar ratio of 1:;i. The regen-
E gerater 1s showna anly ﬂiagrammatieglly_ar symoellcally sines

E deviees of this slass are wellukncwn.in the. art. Aceordiag

to one method of cperetlon the reaction takes ploce Et.ﬂPPIDI;
lmately 2000%F, in the presence of @ nicksl catalyst sup-
pcrﬁsﬁ on 8 cley of bigh slumine content, such a2 fire clay

ox alundum, This perticular tyse of synthosis gas regen—

erator kas oeen selected for the purpoze of betiter illus-

trating faeilities adapted to earzy out tas synihesis of E

| hydrocerbone a2t z predstermined aclar reatic of hydrogen to
garbon monoxide in ihe Tange of about 2:1, Thas the specifisa
regeneretion or reformling steyp, which.results in a product
having & molar ratio of i:l, im effeéﬂiva to adjust the rela-
tively high melar reiic of tie affiﬁént gass8 in Iipe 15,

In it=s broa&eéﬁ aspoct, ﬁﬁwever, the invention is
) 1 not so limited, but enables the aﬁjustment 0% reactant fseds |
to eny deaired range end in the case of specially conductsd
; progaesass wherein the molar ratio of aydropgen fo carbon

menexide bocomwes excesslvely low msy even be used to reige

" tne retio, Thua, where en abrornglly low ratic of effluent

i ges I3 to be sdjusted upwerdly, -egensrator affluent of
higher hydregen to. carbon moncexide ratio i3 wsakle,

To this end, the regsneraticon step mey be modified

by the eddition of oxyzen or evan atéam, which function to

rrodiase g produck, reapesti#ely, of & 2:1 and 2:1 ratic of

! hydropen to carben monoxide, In fact; i vrafer to provide
Tor the z2ddition of mtsem, and oxygen 17 Seatired, throamh
b pipe 32, from a source not ehown in order to psrmit soms

. desiroble control of the provess. lorse specilicalliy,

“Pu
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controllgﬁ guantities of stesm ney be Introduced, or not, as
regquired 0 mMRIntein whe ayster in bealanee depending, aof
course, upon the rete of carbon diexide and methane produc-
tion snd ¢ither faoetors,

In operaticn of & typleml hydrucarkben syathesics
procsss, mas, tontainlng predondnotely hydrocgen and carbon
menoxide in moisr ratio 2:1 normelly with & smell quantity
of cerbon Aiczide and methane and sdvantagecnsly froom of :
nitrogen and nthe£ inert diluents, is fed +o the first stege
reector 5 and partliolly reacted therein with an izon catalyaﬁ
The working tempersturse of the Teacior normatly falls within
the range of 5009 4o FO0PF., with & sressure of mbout 100 to
500 pounds per sguare Inch, sdvsntozeonziy about 200 pounds
per #@guare ineh gsuge.- Wilth cther eotalysts the conditions
of temperature and pressure will be verled to {home char-
acterisafically optiwmum. In the sasze Df eabalt catalyst, fcr
exawple, the operating tempersturs may be zbout LODYE, and :
the pressdre atmospheris or slightly thereabore.

The separated efflusnt gases, approximstely 50%

rea0ted and with the normally lignid rsactian proflucts re-
mowed, have = h?drcgen to corbon menoxide ratic of aﬁprox-
imately F:1, These gases pes: intoc the bottom of the second

gtage reastor thyoggh line 16 tmgetﬁar with sdventagecusly

an mgnal guantity of resenereted syﬁthesis gas Frow the line
21 wherein the molar ratic of hydrugenﬂtu carbon monoxide f
iz gpprozimeately 1:1, The flow of reformsdt sases iz adwen-

tageously sontrollied insafar as possible o sdjust the rela-

tively high melar ratic of the geses in line 16 to an
everage value spproximsting & rawlc of 2:1. Accordingly,
the catalytic reastion srogresses in the second stagze ro-

actor 17 apdex The fgame feed conditions as in stesge 3. E

-
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Preferatly the other conditione of reection sre simllarly
maintanined within identical rencges =nd Lhe afflusnt by-
Freducts are cosveyed to the réganerﬂtor or relormer 30 Ho
complates the erclo.

in accordance with coe deslrable medifivation of
the oresent inwention, means is provided Lo rscyele a por-
tien of the gasecus reactlon products Trom she final atage
through either or both of the resetion chambere. This eom-
prizses a brench line 34 Supplyirg the respective Teastor
foad inlsits throwgh = bﬂméter pamp 35 and inlet pizes 36,
4 end 37. Valves 2B anﬁ.j? =¥ he provided to comerol =ush
recycle.

With thls ﬁirect.raaycling of tall zZases, addi-
tional advantases are available, The build-ur of cerhow
dloxide mnd/or lower hydrocarbong in the fesd gos exerts a

benefieial influenece in inhlbiting undesired side resctions.

HJowewar, of additional importencs, is the Tact that the tall

geses, usually csontainins some hyﬂrogéﬁ; may ba uged o
supplement the hydrogen o ¢arbon monoxide ratio of the
fregh feed gaa, In particular whera.the efflvent geses Ifrom
the flaal staga Btill cenbeln some unraaobad hydi-ugan ani
garbon monoxide, as is ffaquently the sase, the recyele
stroom may be 8¢ controlled as to snablz operation ab higdher
rétlos than normal. This folleowe from the fact, Indicsted
above, that the unreascied geses in the effluent from the
catalyst mags will genérally hevs a Algher retic of aydrogen
+2 carbon monoride than the iadlet feed.

| In appiying these vrinciples, a fresh synthesls
gas heving 2 hydrogen te carbon moneoxide retic of Z:l mey be

budit up ko a ratic of 2.5:1 or sven 351 ia the Inlet pipes

4, ued 37 by means of =ash resvele of a porticz of the tail

gug, The zorresponding ratic In the efflusnt gases fron the

...9_.
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Tlrst stage resctor will be hlgher, as for eXsopie, s ratio
; of L.5:1. Thia will be sdjusted down ko the desired ratic
_3 by sddition of so-eslilsd raformer or “Egeneratar aynpthesie
LogB8 before Iptroduction inte the second gtage roagior.
In ecnnestion with the foregoing L mey seclre &
E further degree of conirzl by srovidiag & brearch pipe LO
L supplied througk walve 40a from the synihesls gas inlet pire
: ¢ wzd provided with seversl lateral brancheg Al feedlng
4 through valves 42 into the contsst mm2s st spsced points
_i alang 1ts vertiesl dimseneion, By this expealent it wiil te
i epparvet ihat the gascous reactaats lx the oontact wass,
ijtending to rige ip bydrogen to carbon menoxide rstio with
Igthe Irogreds of the reaction, are adjusted dowrwarily tc the
; Proper pre-~determined waloe of such ratio by the =spaced in-
j troduetion of the orizinel synihas=is gés heving a 1&wer

hydrogen to carbon mowmoxide ratie, In view of the foresping

it will be simple for amyons skilled 1n the art t¢ 2o edjust
Ithe flow in the =everml lateral pipes hl g8 to meintain m
|raasonﬂhla gprroximation of the desired rredctermined feed

i

f gas ratlo throughout the Teactor wherehy snch ratio in the
efilueent reectant zas can be held within limdts readilsy

;. wynithesiz ges intreduced Just prior to tae fecond stage.

A elmilay srrangement may edvantagecusly be pro-
vlded in econnsetlon with the sgecond stage reactor and may

| eomprise a brapch pipe 43 proviced withflaterally extending

i inlet pipes 44 with valves 45 projecting into the catalyat
_ 1EﬂEE at’ spaced vertinal puints. ﬁanjﬁaiﬂar subzldiary medl-
irications of the foregeing are also avullable. Thua, for
|Bxﬂmpla, & poertion of the refermer aynthssis Zag fmn the

Iline 31 mey be introduced into tke limes 40 and/or 43 for

Eadjustable by the additional Inerensnt of low ratio, reformer

i
| .
I the purpese of adjusting the elde fewd nake-up 0 any desired.

t hydrogen to carbon monoxide retic.

=10~
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Atteniien is dirocied to tha faet thet the Fresent

“invention iz not iimited to two 2tugs. oberawicn bit contem-

P uhile the drawlng iz limited to twp-stage operation im tha

i, blates dlvision of the process inio anﬁ number of stages.

. intergat of olarity of the ewemplifisstion, as mapy sg zix

o more reactors way be emoloyed by eo ocoadueting the ro-

antich in eacd a8 to oomplete a proportlonzte partd of the
reacstion and conducting the effluent afier geparsstleon of
the ligquid fractionsg az previcusly indjicated to the next
succoeding stsge. In such zn errangswent the aynthesis gas

reformer 30 way be supplied with tall gas frow tha last or

later stages Lo supply a reTorted aynthésis g88 O ANy or

81l of the prevlious stages aubsequenﬁ.to the firat.

_Attention iz =lme directsd o fthe fact thak, for

the pureoesa of this Inventlon, multifia stage operation does |

not necessltate multiple resctors but pan be carried out in
& single reastor. Thus, fur sisuple, ploe AG with Talve L7
oould be used to corvey reformer synthesls gas from reformer

30 tp manifeld iine 40 akd thence through the ssvera]l bran-

ches L1 and valves AR to several yortions or zones, disposed

| sonseotively along the wertical dlmension, of resstor 5.

In this wey, the spaced Injesctlon of reforner synithesis gas
of low hydrogen to carbor moncxidas rﬁtiﬁ, gay l:1, serves ko
ad just downwardly the ratlo of hydrcééﬁ{ta oarbon meonoxide,
gay 2:1, of the reachtant zasss antéf#néﬂthrougﬂ Teed inlet

4 sines this ratio tends to inursasé ag'the reactant gnses
flow up through reactor 5, If the aysten had only one re-
aptor, then the geseous effluoent tron eeparator 13 would pees

dlrectly to reformey 30 by connectlng plpe 15 with pipe 29,

5 I desired, the spaced lnjsetlon of refarmer synthegis gas

=]l
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. tarough pranch pipes 4} oould bs supplenented by some frash

© gynthesis gas from line 2, admittsd into menifold line 20

" by opeiipg velwe Ala.

: 6009P. end a pressure of 200 pounds per square inok gauge

By way of illustraiing one feasikie mﬂthaa.of pper-
atiun in eceordznce with the present isvention, the resctors
are supplied with catalyst comprlslng en iren powder which
pesses throush B 200 mesh screen, awvoutb g5# of whleh pesces
6 325 meek scereen. Toe powder is subabantlally purs Lron

contuining abowbt 1 of potassiuom oxide (HKz0) and about pel:

1 alwrina [ﬂ1203] irgorporated a9 promoters. Synthesis gas

! having & hydrogen to carbepr monexzide retic of about 2:1 and

o tempersturs of aboot 5309F%,, is fed irte a reactor having
8 mass of flidldized cetelyshs eprroximately 12 feet in Geptlh.

The reachor opsrates throughous with a temperaturs of ahbout f

mnder & confition of dense phase fluidimstion. The gases :
paszing through the rezotor have m linesr veloelty of awaut .i
1 foob por second. The ldgquia prodects in the gassous =I- |
flusnt are sondensed and ssparatsd énd the realdeel zases
continpe through a second stape reactor reaetlng upder 2ub-

sbantlislly the same condiitlions as in the flrst stage PBAGTOT. .

| The effluent from the szeond stage sepsrator, consistlag

largzely of carbeon dioxide, hydrogen and methsne With smeller |
smounts of 2, 3 and 4 carbon atom hydrocsrbons, md sebatsn- i

4tially no crrbon woncxide, is passed to the syntheais zas re-|

" former where sarbor diozide ané lower hydrocarbons react withi

" the Pormetion of a syothesis gas siTeam of 21ighily ebove but%

!
slosely approrimating & hydrogen to earbon momoxide ratle af |

1:1. This stresw is mixed with an efflnent gas atresm from

the firat stage sevarator having & hydrogso to carbon mon-

Cgxlde ratio of-approximately 3:1 0 briug the resultlipng mix- :

turs o a ratlio of subatentielly 2:1.

—1a—
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" pecyoled to the flrat stage reactor and the remainder pass-

.. nf tha hydrogen to carbon monexide ratin of the feed to the

' otherwige weste gzasoous preducts in the manper heught, i%

518050

The ligeid produst of this reseiicon comprisss
about 80% hydroearbone bolling in the gasollne range, i.e.
a freciicm stertlpg with hydrogarbonsa of four carhon atoma
and terminating at ao end poimt of 4COYF.  About 20% of the
hydrocerbons formed boll above thié range and the cverall
comversion an the basis of carbon monoxide supplied is
approximately 95% of the theoratlngl 7ieid. whille the Fore-

going example does not cuntemplate recyele of unrelormed

tail gas, in secordance with snother example, the teil gas

from the final stege iz =plit into egusl perts, 50% belng
ing to the reformer s vefore. This results in an inorssse

first stage reachor, substantially atore the fresh feed 1) i
r&tiO'GI 2:1 gnd in thiz embodiment tha proportion of re+’
former syntha51s gas mizad with the”zasecus produut?qr"ﬁha N
firat stagé fHF feed %o the zcoond stage 1s advantaggééﬁir
T propurtiened a5 to meet the same ratic. c

It will ba apparent from the [oregoing that ‘the
prasant inventiun proviﬂaa an effective meens for waintein-
ing tha reastion in close conforpanes with a pradatarminsﬁ
relatiun of tie two reactant gases end in additien H06GM-
plighes an extramﬁly high utilization effleisnmey of sym-
thepls gas, In shﬁrt, ky cperation of the process under

degineﬁ hydrogen %o carbon menoxide ratios and Wy recyeling

18 poselbls w0 atilize subatuntlally all of the reactant
feed 1n the productlon of hydrcoarhons.

' T¢ 18 desalrable to employ & fresh feed gas whileh
1a fraa-from nitﬁugan ne other inert diluents lo order to
preveat excossive bteild-up of thesa matarials in the renyule{

&Fhrosm. Where, howeverr, such lmpuris ies are necessarlly

~1l3.

e
.
i
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- ard the sglits of melyhbdecan and chromium a2 well as meny

i others, may btc employed preferably in minsr proporticas up
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pregsnt in the fresh feed they #ay be remcved and separated
from the reﬂynie atream by mny ann?anticnﬁl Eegns. Branoh
line 33 with wvalve 33a may he ugsed for venting o portico of
the resgols stresn and thus avolding duild-up of isert dil-
pents in the system. This ventlng of recyels zog 1z also
lmportant in beiancing the operation of tha entipe process.
Ag indicoted above T prafer Lo ass & iron cetsa-
iyst although the advastages of the present Invention are
avgiluble to a leaser sxtent when usipg egulvelent cata-
Iyats such s3 iren and nlekel. It is, of course, unisrstood ?
that wvariowns promoters suck as the alkall and alkaillne sarth !

matnls menticned above, the oxldées of titanlum ant ailicon,

ta, for sxample 5%. The catalyst may be smploysd In sither

supportad or unsupporied condition =nd the supports, whare
employad, may be any of those cunventianﬁl, gugh az die-
tomAceousd earth osnd sllica zel.

Whiie the foregolng invention has hesa deseribed ;
more specificelly io econnection with certaln preferred embodl4
ments, it is to be uoderstood twhat théée are by wey of 1llu=-
tration apd pot by way of limltation anﬁ the inventlon
ahould not be limited thereto sxcept as determined by the

aeope of the following claims,
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The epboniments of the invention in whiesa an
exclusive proparty or privilege iz claimed are defined as é
fullows: :

1. The uwrcesss for she synthssis of ecmpounnds of
the olass consisting of hydrocarbshs and oxyienatsd hydro-
carbons by the catalytic reaction of hydregen and garbon
monoxide, which comprises passing a paseous mixture Compris-
ing hydrogen and carbon mondxide uﬁdsr reaclicn conditions
through & firet reacticn sonsg cantai;ing & kess of catelyst

comprising a metal of the iron proup, witharawing from safd

first reaction sone & gassous reaction effluent conteining
unreacted hyérogen and carbon monoxide, passing said effluent

under reaction vonditicns through a subsequent reaction zons

4

comtaining a mass of catalyst comprising a wetal of the iron |
group, withdrawlng s gasepus reactiocn effluent #rom sald sub-
gegquent reaction Zoie, éeparating irom the second gald
£ . effluent desired resctipp products and a2 aermally Sasedus
iraction containing cavbon dioxide and FZasedis hydfocarb 5,
subjzcting said nermaliy gazeous fractiom ﬁn reforming condi-
tions whereby the conseined carbon dioxide esad gasecus hydro-
carbonz react to produce & synthesié gas having a relatively
low hydrogen to carbon menoxides rstic, and supplementing the
# first said effluent flowing to stid subsequent reacticn kone
with =aid rafﬂrmed_sﬁnthesis gas o adjust the hydrogen to
rarbon monoxide ratic thereod dovmwardly.

?. ‘The process for the syntaesis of cowpounds aof

the alzss consisting of hydrocarbensz and oxyzenated hydreo-

garpone by the catalvtic reactien of hydrogen and carbon

monoxide, which vomprises passing & gEseous mixture conprisimg

|
|
; £ r"'-f
| /-~
|
|
|
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hvdregen and carvon menoxide whirouil g piuralizy of successive

regactlon zenes each containing 2 mess of calalyst couprising |

a metal of She fron proup malniained under reacticn cnnditian%
to eifect only partizl reaction in each zonz, separating = 5
pormelly gasesus fraclion cpatalning carbon dioxides and i
razeous hydrocarbonz from she gaseous reaciion effluent from
a gone subsecguent to the first sone, gubjeeting said normally
gaseous fraciion to rsforming conditions whereby the cuntainei
carbon dipxide and gasssus aydrocarbons react bo produce a i
syntheais g&s5 having a hydrogsn Lo aurbon mogexide rasio 1
approximating L:l, supplementing Lhe Fasecus reaction =filusnt
flowing from one of sald zones L0 a auccessive zone with aaiq
reformed syntiesis gas to adjust the hydrogen to garbon !
nonoxide ratioc thereol downwarcly, ahd‘recuvering desirad
reaction products from the gaseous reaction effluent from at
least the lost of sald =zsnes. . |
3, The process for the synthesis of cempounas of
the class conslsting of hydronarbuns.and cxyganated hydre-
carbons by the catalytic resction of hydrogen and carben
monoxide, which comprises passlng & gaseous mixtire comprisl
nydrogen and carbon monoxide througn a plurality of suuceagiji
regetion gones each containing & mass ol catalydt comprising
5 metal of the irom group maintsinsd under reactlon conditions
1o effect cnly pertial rveaction in eaﬂk zone wWith 8 consequert
substantial 4ncrease of the hydroger Lo carbon monoxide ratig
of the gaseows reaction efflusnt frcm epch Eome as comparad
with the hydrogen to carbon monoxide rut]O of the gasecus
fepd therete, separating desired reaction products and a
nermaily geseous fractlon containing”Eérhun diocxide and
gaseous hydrocarbons from the gaseous reaction effluent from
the final sone, subjecting sald normally gaseols fraction to

raforming conditians whereby the gontained carbon dioxids

/b
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atd mascous hydrusarbous resct Lo produce o synthesis gas !
having a nydrcgenl to cardon monoxide raktio epproximating 1il,
snd supplemsnting the gassous feed 5o a sone sulsequelt Lo i
the Tipst zone with said reformed syninesis gas to anjust é
the hydsogeu to caroven monoxide ratic therecf downwardiy.
4. 'lhe prﬁcess for the syathesis of sompounds of
the gluass gonaisting of hydrocarbons snd oxygenated nydro- 3
sarbons by the eatalytlc reaction nf hydropen and carbon
mpnoxide, which comprises pessing & gaseeus mixture compris-

ing nydrogen and carten monowide in predeisrmined molar ratio
i

through & vluralizy of successive reaction zones gach contalns
ing a mass of catalyst comurising a_meﬁal ofF the 1ronm group
paintained under reactibn ccnditioné to effect only partizl
repacticn in each Zone with & conaequ;nt subsLanbial incroeaze
nf the hydrogen o earbon monoxide ratio ol the Zaseows
paaction effluent Irom each zZope aa cﬁmpured with the nydro-
pen to carbon monoxide ratic of the gaseous fesd thereto,
separating normally liguid regetich products from the gassows
reaction eifluent from esch sone, Eeperatiog a normally
Easeous fraciion cohlbaining carben diexide and gasecus hoydro-
cerbops from the gisecus reachtion sffluent from 2 Zone sub-
saquent to the flrst zone, subjeubiﬁg sald pormally gaseous
fraction to reforming conditions ﬁﬁéféby whe containsd esarbon
dioxide ard gaseold nyarocarbons rééct to produce a synthesls
gas having & hydrﬁgen Lo carboh monoxiﬂa ratin substantially
lower thar tnat of ths gasecus feed.;o a8 sone subsequent to
the first zone, and eupplementing tﬁa gasapus fesed to said

Fone subsequent to the rirst zone with said reformed syothe-

gis gas bo adjust thae nydrogen Lo perbon monoxide ratio thears

of downwardly.

/7
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5. Tne procsss of Claim 4 whersin Lhe step of
supvlenenting $he gaseous feed Lo sald zoens sibsequent o :
the firskt zone with said reformed synihesis gas is condusted
so as to &djast the hydregen to carbon monoxide ratip of
said gasgouz fred to substantially the rredabernined melar

ratio of the gassuous mixtvre fed to the first zone.

&. The process for the syathesis of compounds of

the rlass corsisting of hydreocarhons ard puygenated hydro-
carhbons by the estzlytisz resctien of hycregsn snd garbon
moncxide which comprises wazsing a gﬁseous pixture comprising
nyﬁrogen and parben monexide in predetermined mﬂ¢ar ratio
under reaction conditiorns through a flrst rEdCtan Zone Cofe !
gaining a mass of cetalyst comprising a meval of the lron r
group, withdrawing from gald first reccilom Sone & FAS&0US
reactinn efiluent containing unresvied hydrogen and carbon
monoxide in & ratic substantially greater thas sald pre-
determined ratip, separating rormally liculd reaction products
from sald gasecus sfflesnt, passing.tha resloudl paseols
elfluent under reaction conditions through a subsequent re-
action zene vontaining a mass of catalyst comprising a metal
of the iren group, withdrawing & gasesns reaction pfflusnt
fpom said subsequent reaction zone, separabing from she
second said effluent Gesired reaction produets and & normally
gaseoung fracticn containing carbon dioxide and gaseous hydro-
carbons, subjecting sald nermally gaseous fraction to relorm-
ing cchditicas whersby the contained carhon diozide and
zaseous hydrocarbons reaci W produse & synthesis gas having
a hydregen to carbon monoxids raziousubstantially smeller
than said ratio of the gaseous eifiuent from sald first re-
setion zone, and supplementing gaid residual gaseows elfluent
flowing wo said subsegquent raaction zone wizk said reformed

synthesis gas to adjust tie hydroges to carson meonexide ravid

¥ a
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| theraof dowmvarily to spproximate s=aid predevermniged rating
7, 'Mme process for bhe synthesls of compounds of

the class censisting of hydruearbons and oxygenated hydro-

carbonz by the catalytic reaction of hydrogen and carbeon mon-

oxide, which comprises paasging a gaseons mixture comprising

hydrogen and carbon menexide under reaction conditions

through a reacticpn Zons aontaining a mass of catalyst compris
ing a metal of the iron group, withdrawing = gassous reagtion
affluent from said reaction sene, separating from sald efiluept
desired Teaction produects and a normally gaseous fractlon cong
gaining carbon digxide and géﬁauus‘hydracarbomé, subjecting

aaid normelly gasecus frastion to reforming conditiens where=

by the comtalined carbom dioxide and gaseuuﬁ hydrccarhon reaet_

to produce,a synthesis gas hav1ng ‘g pelatively low hyurngen : gt.:@TJm
o carhon monexide ratio,, and supplementing . said gasaous 1
wrixture paasing throuwgh saxd reaction mone by inbroducing
said reformed synthesis pas into said reaction zone at jated B
less than ons spaced polnt along the length of said reacsion

' fone beyvond the point ol sntrance of said gaaeuus ml&tura

te adjnst the hydrogen to carbem monaxide rhtiak'h&rﬁmi duwn-

wardly.
g, The proceas of flaim % wherein the cataljs%'snmn'

prising 4 met#l of the iron grmu% is predominantly an iron—

type cabalyst.
“g, In the synthesis_cf;coméaunds of the c¢lzas ecom- | . ;

sisting of hyﬂrguarhnns and axygenatédlhydfouarbans, by the

catalyﬁic.inneractiap of hydrogsn and carbon mancxide, where-

in o synthesis gas ¢omprising aasanﬁially'hydragen and ecarbon

L)

aonowlde is sucpessively passed throuzh a plurality of succes
 sive resction zones in contast with catalyst comprising 2

metal oF the iron group Raintaiasd vnder reaction conditicns

/7
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stch that substantisl conversion of the regesancs oocurs im

Bso?h peschbion Zone with progressive increase of the melar
" vetio of hydeogen Lo carbon monoxide in the resiaual affluantg
Trom sach successive reactlon ¥one, ﬁhe improvemnsnt whinh i
corprises continuously readjusbircg the melar ratic of hydro-
gen to carbon momoxide downwaraly in & subseguent zopne Lo &
value epproximating thab being supplied to an sarlier sone oy
steps including wishérawing the sffluent prodact stresm Iron ?

L

the €inal rection zone, resovering desired prodeeis of re- |

agtion therefrom, subjecting a residual powtion of the saild

efflusnt product stream containing essentially carbon dioxice]
and undesired bwdrscarscns to reforming conditions incinding
an elevated tomperaturs ai whicn said carbon dioxide and hydrde
| carbons react te produce a synthesis. gas of charachariztically
-low hydrogen to carbon mengxlde moisr rasic ang contimoualy
supplemerting the gaseous feed to sald subsegquent sone with
reformed synthesis gas in a regulateq ameuns sufficient to
affect said readjustment of she relative proporhions of hydroy
cer and carbon wongxlde cootainsd in the fsed thereto, -to a
value approximating that of the earlicr fone. :

1. ‘The method according tu'ulaim'Q, wheresin the
A || catalyst comprisss pasentially irom.

1l. The method acuordiﬁg so Claim 16, wherein tas

VAl oles ratic of hydregen So carbon moncxide 1n the frash feed

synthésis gzs is of the order oy Z:1.
12. In the syntbesis of compounds consisting of
nydrocarbons and grygenated hydroecarbons by the satalytic
| snteraction of bydrogen and earbom monoxide wherein a syunthe-
sis gas comprising szsentially hydregen and carlon mongxlce
in rolatlve melar rasic in the range of aboub 2il o 311 1s

passed in seriss thurough a pluralisy of succEssive reaction

20
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g rovies, sach conbaining o mass of catalyel comorisirg a matal
of the iron zrowp, oainteined undeér resciina conditions such
tnat = substantial propertion of the resctants ds converted

in sach rezction sone inbe sald desired producte of reaction

with the formation of aubstaptisl cuantitiss ol by-praduch

l carhon dioxide and the progrossive increase of the molar Tatli

of hydrogen to carbon monoxide in thae eliluent {rom each

Y 1~ O P

! successive reastion fons, the lmprovessnt which comprises

§ contimmously effecting downward readjastment of tha molar

rutio of nydroges to carbon nemoxicde of ihe gas stream peing

1]

supplisd to 3 subsequent zeas of gsald zuccessive reaction

sones o & value substentially sgual to the wplar ratlo of

!
E
hydregen wo carhon monoxide of the synthesls gas entering che!

First reaction zone of sald series, by steps including with-

drawing the effluant product strezm from she Final reaction
zone, recovering deslred wreductz of reaction therefrom,
subjecting a residual portion of said effluent product straam
comprising eszentiaily said by-produet carbon digxide and i
gaseous hydrocarbons to reforming conditicns, including an
slovated temperature at which sald caroon dinxride and gaseous
hydrocarsons reaci to produce a raformar gRe ochharac:er—

istically low hydrogen ta carbon monoxide moiar ratic, not

above about 1:1, and eontimuecusly injectlng sald reforder gas
into the gas feed te 3ald subsequent reaction Zone in & rela-

tive amount such that the ratlo ol nydeogen 1o carbon monaxide

in the vesuliing wixture supplisc to sald subsequent reaction

cone epproximates that of the synthzsis gas sopplied to gaid |

first reaction zone,
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13, The nethod according we Claim 12, wnereln the |

1

i
El .
’ catalyst comprises essentially irgn snd whe temperature wWith-!

1

im said reaction zones is in the range of from about SC0-700PE.

1k, The methoed zcgording te Clalm 12, whersin

” nermally liquic reaciion products are separated irom the

reaction Streai passing between successive reaction foned.

A
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