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Chydrozen znd is particulerly concerned with t£he improvement i

| snd resoverad from by-product water yapor or farbon dipxide or

41645486 |

The present invernblon relates o the synthesis of

mwdiroearbonrs oy the satalyolc rodustions of carpon oxide with

in both yislé and prosertiss of licuid nydrocarbkons produced
vy the reaction. '

It Iz known that a aoreanm of earbou mensxide and
hydvoren, upct psssyee in contact wilh a syntnesis cazalyst
comprising, for instsnce, a metal of the iren group, at sulh-
able glevated Lemperatwra, undsr slevated pressurs or Nt re-

sults in the synthesis of hydrocarbens which ey te sppargtesd

both. Toe normeliy liquid producghba usually tend toward char-
apterlutic ssraight-chain aliphatic compounds with a more or
lesg inevitable preportisn of oxygenated hvdrpearbons, &5 &8
regult of which, reforming or any conversion which results in
pranching or iscmerization of hydrocarTbons and dehyératisn of
oxyenated compounss to produce olefins, causss &n improvemard
in respect to antl-detonation characteristics. The same i=
trus where the product is trested to effect an increase in un-
gaturation. However, further treatmsnt of the product inwvolee
a separate processing with upeconoiic expenditure of addition-
21 thermzl enerzy &nd corrasponding product loss.

It is #n object of the present invqntinn to provide
an imtegrated procsse wherein desirskle conversion of bydrocar
ban preducts of the Tforegeing synthesis is obtalined =nd addi-
tionsl yields secursd of products raving improved propsrtles.

A farther abject eentamplates an interrzted pTocass
a= above wherein ths thermal requirements af hydroearbon con-
versicn are made up by the sensible heat resi]ting frem the

avohhermic enetrpy of the synthesis Zas Zeneralor.
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Yot anchbher object af Tha prasnent invant ion conhem-
olaboz &n impreved sperozing flexinility pormibting selective
convergion of any degirad oortions of She hydrocaroon reectlon
preducts Tron the synchesis reactor wilh return of appropristd
convertes frartions to the ﬁynthésis rEanhol. i

Tn accordencs with the presen inﬁentiﬁn, a synbhe-
sis zas renerstor opsrabting ot typioally hiph SenprRraiuras
supplies a mixzure of essentially hydrogen snd carbon MO ROXLGE
to a catziytic synthesls reactor, hydrocaThun produets of
whigh ares circuleted Lo 2 sydracarhon Convarslin Suek tharmal
1y suoported Ty the gensible hest of the generater effluent.
Fore spealiiczily, the syntheatic hydrocsroons are aunvaTned It
a rone supplied with the neccgssTy heglb encray by & heat ECCU-
mutating meterial recelwing its therral ensrey direstly from
the high tempsratur: synthesis gns, the heat zocumiluabing ms-
terial prefarably comprising a golid thermophers which is
auccessively raised Lo & Eigh teﬁperature in direct eonkact
#ith the generator efflusnt and thereafter passed through the
hydrocarbon cenversioh Gome.

Advéntageeusly, the thernophore may L& & typiczal
catalyst for the selected conversion reactlon. This may bde,

for Lostsmee, & conventional {eomerization catalyst where 8
motor resoline fractieon :a ynder trastment. In the caze of
wauxite, for example, whers ‘e now only an isomerisstlon of
the hydrocesroons, but & gehydration of oy menatpd hydrocerbeng
to form wnsstursted hydrocarbons of Adesirnnle motor gasolins
characteristize. Corresppndingly improved efTects may be

sepured where the catalyst is g pombinstion iscmeriszation and

114

cahrdrogenation caLalyst. In feet, under such genditions, th

normal.ly fa3€01S hydroczracns from Ehe syathesis rescuor may

3o !
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ihe 30 Lrested wizh ar without the Sinuid product fractions,

11 of Lho unsaturstod &0d brshehed spso0us hydroesrhon

prgduacts 27 the nonyersion mey RAVARLIERDUSLY D recyeled ta

Loe srnsheosis rsaeusT WGhoan irnrovad overall yield snd

eunality of iicsid hydrocarhons.

LN

The invention is, howewer, nok limpiked to tho forg-

#uing types of hydroearhon sonvarsicn rentlencd DY way OF

preferance, but ™y crelude the conversion of the hydrocer-

hong 1n cccordance with any selected iype of conventional
10l trestrent involving endethormic nost BOETEY rocuirements =t

nigh tempereturss above that of the hydrocarbun synthesis
reacticn.
! In orser to degeribe the iaventlon more speeiiically)
: reference 38 had to the figure of the drawing wherein cne en-
; 15t todiment is asst forth moTe oF less dlaprammatically.

The mumeral 102 thersof indicotaes gymbolieally a syn-
thesiz g=s gonerstor fed with streams of oyzen snd methens,

respeetively, from amy convenlant source, not zhown, throagh

inlet pipes 1l and 4- The regiective stresus, i advance of

20 the generztor, pass throuzh preheaters 13 and 14, respectlve—

.

T R R R T L

im ipdireet heat ewxchange relation to & Flow of heating

;- 1y,

N gas hersinafter %o be described, znd sre raised tc Approprist g

E

Al v

LA temperature, as for example, COCceF. ,

it the gensrebor 10 the fwo stresms meet, sreferably

in a mixing neozzle in the approximete meolar rablio of 2 parts

& tewserature of, for example,

methane to 1 part oxygen at

21006%. [lnder these conditions, the.gaseous efflusnt [Tam

the generator passing ot wardly through ploe 15 somprises

essentially hydrogen and carben ponexide in the molar ratlo

of approximately 2:l.

b -




4

P
¥
H
g
H
:
g .
t
5

e

B .'\“-:\."'-i_}!'_::“f'N‘}mwm{]_‘?&lﬁ!wm-?ﬂuﬁ;.&i‘{trT""' -
e R e T

| limited to the Paresning tyos of Asnerstor sr Yeed gzscs but

10

20,

23

30

1y proposed zenerators for the partlel eombuszion eof any

464H40

It iz te be understosd thas the inventien is not

ap the conirary mev somprise any type of gererator, the oub-

let of which supniies a synthesis zez comprising essentlall
I = - =

carvhon monoride and hydrogaen an an eleveted semuersture, for

example, sbove 10C0°F, BSuech mey inolude any of the previcus-

hydrocarhons, together with axygsan, or oxygen compounds, suck
48 Water vapor or carbon dioxide.

The synthesis gas ln pipe 15 may ke pessed through a
sultable cooling uait or heat exehanzer 16 to lowsr the high
initial tewperature from, for sxampls, 21C0°T. down Lo about i
15002 F., suitable Uor the hydrocarben gonveralon step.

The hydrocarbon conversion is esrrled out In & aye-
tem comprising & pair of wertically disposed chamners 1Y and
18 through which catalyst is clecuwlasted by suitaﬁle ArTETEE- '
ment of faeding and econveylng devices. Mors specifieally, ths
chamber 17, which operates as a heat accumwlating or eatzlyst’
preheating chember, has & econdeal lower portion merging with
a standpine 19 contrelled by a star feeder 20. Tha lawer
raaption or gonversion chamber L8 similarly discharges st
its lower portion inte a serew coaveyor 21 which delivers
ecatzlyst continueusly to an elsvator designeted by the dotted
iins 22, The elgvateor 22 in turn delivers to &N URPAr SCIEW
conveyor 23 which recysles catalys:z direetly inbo the upper
chagher 17. 3y apprapriate coordination of the feeding and
gonveying means, the catalyst may be eontinasusly elrozlated
in the elosed cyclic path shown while 23 211 times malntednlng
amsroximate predetermined Ievels of eatalyst in the respectlve

chembars.

?lﬁ_:..wfﬁ::. e b D
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The shressm of synthosis ges 1o celivered by vipe LE

fintz the . lowsr sortisp of bhe prehesiing chamher 37

, passing
wowerdly TR oREr tre pptalyzl iD CUUNEETSUTTENS reletion and
hesting it no apy szlesled tempersture bor direect countercus-

L rent neat sxchznge. 2ffiuest gsses from the mass of satelyst

sans througrh refractory [Llter 23a, ripe 2, ang cooler 25 o
Lae Lower worticn o aynthesis resctor 2.

anly simaclizcally, mETF

o

*he gynthasis reacisr, sh

tesl typr of resctizs unit as, Jor gxample, &
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shamher ceriaiiniag g mons of [luldl=ed synutesis gabalysd im-

pmersins & suitable heat exchanger 27 adsphed Ho mainkzin a

aniform predetermined tempsreture during gperstion, Acoord-

ingzly, the cynthesls yeses passing wpwgrdly “through the
fluidized mass of sepalyst separete Trom the wpnar paeltdo-
liguid level ang pass inte the eutist pipe 28 throuzh & suit-
stle cersmic filter 29. The gaseous roaction oroducts ars
suecessively ccoled in the condensar 30 and subjectad to
physiesl separction by & sepavator 3l into & wster layer, am |
overlying liguid hydrcearbon layer, =nd = normally gaseous
rosidue. The weter lsyar ia withdrawn by way of pire 32} the
liguid hydracarbons Ly way of vipe 33, and ths normglly gas-
sous sLrezm passes sverhead as =% 1

In ageordsnce with the present invention, tha hydro-
carbon product or any selected portion therend ls subjected
to eatalytic conversion by the action. of the hou uataljst.
previously withdrawn from dirset exchange witk the menerstor
efflurnt. To this end the pipe 33 is provided with a brarch
pipe 33 controlled by a valive 3%a. The liguid hydrecarbons
may, therefors, be passed hy way of & pumo 36 and heat ex-

chapger 37 into the lowWer portion of the cavalytic conversion

I -
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chzmber L&, Heet sxchanger 37 may be connscned tc exchangsa

th

| heot with cosdenser 30 or exchesmper 25. It, however, may be
P af materizl advasmtsss only whare -iauld hydrocsrbons zre to

e vaporised snd scocordingly may be by-pagsec o omitkad

5'where prly normally gasecus hydrocarbens ere Yeing subjected |

kg ponversiom za will be heresinafoer move fully described.
Tnis arrangzment is suitable whera the gynthesis T&-

actor 26 is speratpd under such condinicns as to reguit iz a

ligwid produect gssentislly in the motor iereline boiling

10l range.  Thas the stream in guastion is passed vpwerdly din dd=

reot sountercurrent contact with the hot cstalyst in the

i chamber 18 at appropriate optimum converslon temperature auch

that the hydrocarbon stream is subjected, for axample, to de-

nyarogenation and isomerization. The comverted gasifoerm re-

15] action products are withdruwn shrongh tilter 38 and vaive

; pipe 39 te thro lower portion of any sultable frachionaticon or
. separation =y3tem represented symbolically as at Lo, Thne
separaticon sysiem discharges & primary prodoct of motor gase-
line by way of the outlet plpe 4i. Heavier fractisns, 1f any,
20 may ve remcved through lower pipe 42, and normally gaseous
hydrocarbon fracclons are passed by way of the valved pipe 43
into the lower pertion of the synthesis reactor 26,

The normelly ssecus hydrecarbon frastlons largely
in & stabe of unsaturation after passage in coutact with the
26yl dshydrogenating catalvst, a= well as wagaturated hydrocarion
gases resulting from dehydration of Iizhe oxygenated hydro-
carbons, are consumed in the tydrocarbon synthesis step pre-
gumably by reacticn with the aetive fTHSh ferd gpases or with
the ineipient or naseent products of swynthesia %a Form addl-

s0f +1onel hydrocerbons boiling in the liould hydrooarbon TENESS.

-7 =
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fEesacus unsELUTELIG bydracsrbons rezglting from hydrogarion

shiz impertent effect ny providing owtlet pize 3 with & ¢

fwill be preferrsd that the streams be 20 Fandled that tney
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ig short, a neb insrenss 1 the Formetion of licudd hyorocar-

Yo emsues nE contrisbad with &moeparatisn whergin normally

converTsicn steps are recoversd B suck and not rzivrned to
the proczss.

The pregent embociment Further takes advantege of
F =4

welved branch pine L4 Jolming wisth the ragvole pioe 35. By
thisz mazns, zny selacted porilon, or 2ll, «f the gasecua ny-
drecarbons in the reagtor affluent may be returnsd to th

reeyele stresm in admixture with the iinuid hydrocaruons. it

resch the conversion champer 1% &t regular »redeteramined raies
of supply end are constantly introduced in any, selopbad rela-
tive proportions. Separate plpe lines, oot shrwn, for the
normally licuid and pormally zaseous streams will insure this
affect. - If desirved, the gatalytic converalon step mey he op-
arated on s stream of normally zeseous hydrocarbons preferably
in the Cp-C; range, To the exclusicn of a liqui& feed. The
pormally paseous hydrocarbons from the reagter are thus isom-
erized and dehvdregenated in the chamber 18, and wltimately
return theouzh pips 43 into the zassous inler feed of the
reactor 26. '

A number of modified arrangemenﬁs may be advantageoy
1y employed depending upcn the specific resctlons seleckted and
the preducts desired. Thus, for exampie, where the gasecus
goreamn in olpe 44 contains 2 substantisl porticn of ine-sts or
some undesired componsnt it may be by-passed through a zZas T'r-
povery plant desiznated diagrammaticslly by the reference num-

eral 45. The plsamt &5 may Lade any popyentional form apnro-

-5 -
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% cpriate o tne seesrnTion dgsired. For gxempls, where =ub-

| atantially pure byerocearbon £ases Are o ba reeveled Lo Ebe
phamber Y8 the recovary sysbhem nay inclikle any typical hydro-

i

carhon absorpiion and stripping srrangosent. G ths other ¢

'Ehanu, whers sarborn oioxide is in excess, & conventiomel ab-

(Y

[ sorptisn system invelying, for exampie, & trietbhanolamine

absorbant mey be enployed to serel out this zas. Tn zuczh
case Lhe coarhon momoxide sesarsted through the autlet nips L6
‘may be recycled to the synhbhesis gis senerutor to be reacted
104 with additional hydrocarbon Tur the zgeneration of agditional
synthesis ges. Usually, howsver, garbon dioxide i1s intention-
ally recycled $o the synthesis reactor =0 that carbon dioxide
i1 the totzl feed is maintained at 2 relatively hich Level
which kends to suppress net carban dioxide Formation during
15 hvdracarbon synthasisz. Thus carbon dloxide may githzr be
separated 2nc recveled directly, or 1P, iv the eatalytle eop-
version processes menticmed it 1o not ohjecticnable, 6 may
flow through the convertsr with the hydrocaroons .

Moreover, when subjecting iguid hydrocarbons fram
20 the symthesis rescter to isomerizaiion, dehydration and/or
dehydrogenation, it may be ad#aﬁtageous to separste amy frac-
ticne boiling hizher than motor gaseling in erder to avaid
undesired conversion of the characteristicaliy good diesel il
[ractions, for example, Lo a procuct af laower oshans yalus,
24 To this end the products conveyed 1ln pipe 35 maf be by-passad
inte & fracticnation system 47 through vaolwed inlet oipe L.
The hizgher boiling fractlions are racovered through outlet
? pipe &9 znd the lower boiling motor peswline Lfractions paes
overhead and are returned, via velved pipe 50, to the lizme 35.

Ouvicusly any predeternined fractien can e separated in this

gl

-G -
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Cmannor.  Woreowsr, suifable gos oll froctiens moy he spleo-

gively includad in the stream Lo converter 1% when cracking

tig & gegsired Tumetisn Lhereel.

refractory matsrial. This constitvtes an pffective measns for

srigte for conversion. jGn sne ghher hand, neth of these ax-

e
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It witl he apparent Fron the Torcgsing thst ths pre-
sent inventisn ls, smeng cther things, particulariy advantage-
sua in effegtlng good ermssrvstion of heat cnelgy in o zystem
whore a siresn of vagses 2g, Tor exanple, a symehesis gas

oy nly)

zererator effluent, 1s encountered &t gugh high tempersturess

that handiing and heat recovery pressnts a difficalt problem. |
In mecordance with the pregent inventicn, howsver, the gases

ara exchanzed direetly with a suitabls retatively lnert and
recoverins thermal snsrgy 8t bigh bemporotures evd cooling

4 pertion of the hot synthesis Zes may be recvelad
through walved branch pipe 51 guccesslvely throwch she 1n-
direct Mepot exchangers 13 and 14 mentioned atove, the somewhah
cpoler Tetwrn stream being handled by plpe 52 connecting with i
the plpa 15 at the outlet of thoe exchanger 16, fa indicated
zbove, there iz z wide permissible Juristicn in the disposi-
ti=-n and errsnzement of the heat exchanging devices involved
in the preseat invention. Tha exchanger 15 may invelwe 4
waste hest boiler or altsrnatively may be interconnected with
the hest exchasnezer 37 to prehest the hydrogarion streamn in
pipe 35. In short, the higher level of temperasurs in the
conduit 15 peroits heatﬁng af mhe stresm 35 to a lavel appro-
changers ma¥ cbhyviously be ohviated bﬁ appropriste proportion-

ing of the chambera LT and 18 and u=e of & vatalyst-fead ratio

- 10 -

{the gas stream Lo 8 lavel where further hondling iz slaplifi=d,
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| s=an that toe syathasis zes la adeointcoly cosled by the ceta-

1,

more,  Seonald the sensitle heel of the cherni-

5

lyst oo therms

i

whore be excezsive, zdditicnsl hest excnonen means in the

Snem of & woste hest oiler or ecuivalent devices mey be in-
tapnoned within the cireslating sbresn of cztalyst, for

inxample, gucsenuent to Lhe gham-er 1d.  Io any gvent, the
process permits recovery of heot ensrgy oy iadireat exehsinie,
dat she seversl points indicsted as recuired. i

Gofarring by wWay of exampis to one spapific mathod
af operstign, s sinthesis zas generston ig sunolied with =
strecm aF substentisily pure methans and & strean al OXyYEen
af 984 suriny, both preheated to F007F., and in the respao-
tive moler rstio of 2:1. The gengrabor gperates at 4 temdeTsa-
ture of 2100°F,. and & prassure of abowt 200 1bs. per sguare
inch gouge. Thé pezgbicn gases, comprising sssentdenlly hyaro=
gen and carbon monoxide in the molar retio of 2:1, leave the

generator ot the temperature of about 2L00e7. and are ccoled
to sbout 1200°F. im a waste heat bodiler. From thers they
pass in direet hest exchange relation wish a combinatisn
isomerization and dehydropensiion catalysz comprising & sil-
ipa-alunina~thoria complex mixzed with a sscond gatalyst oo
I
prising 104 chromite cn aluming.

More specifically, the complex 1s prepared by mixing
parg 2lkali-free silica yg=il In a solution of aluminum—therivm
seirn. The solution is pre=cipltated with ammonia, the presl-
pitate thoroughly washed, dried znd csloinesd at 3D0°C0. for
two hours, the original proportisns of ingredients 5eing such
as to result in substansizily the following compoaition:

20 8i0g ¢+ 1 ﬁ1203 : 1 ThD2

The Cro_pAls0s catalyst is prepared by absorbing 50 parts Wy

- 31 -
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; weizit of = 204 sclutisn of chromium oxide per 4G parts by

i’

wedzht of 2 6 to 10 mesh activated alurina, sod dryiag the

j oroduet. The tws senarste satalysts are Lhoroughly mixed in
the ratioc of about 3 parts of the {ormer to 1 part of the

¢l latter. Freferatly cetelyst parzicle size iz about £-10 mesh.

The svnathesis gas passes upWardly throuvgh the cata-

ivst leaving the bed ab akouz EU0PF., ths catalyst beling dis-

1 sharged from the lower cortion of the preneating vessel ab a
temperaturs ahout 1150¢F.. Fraferébly catelyst gﬁaviﬁates .
10| downwardily through the heating chesber without substantizl
agitation;by the upfleowing gases.

The synthasgis gzs from the preheaiiug chamber at a
temperzture of about 600°F. passes directly inte the inlet of
a synthesls reactor g¢ontaining a typleal fluidized iron cata-
150 1yst of 200 mesh end finer and containing sheout 1.5% of alum-
ins and about 1% of sodium oxida. Tempersture throughaus the
catalyst is meintezined by sultanls cooling coils at a uniform
level of about E00°F, at a pressure of about 200 lhs. per
guare inch zauge. The upflowing reactaniz maintein the ecata-

<0

1yst in & state <f dense phasze fluigiwation and the gasiforn
reaction products withdrawn consist egzentially of hydrocar-
bons in both the caseous and liguié ranges, together with
water vapor, carben dioxide and small ouantitics of uwnreagted
hvdrogen and carbon monexide. This gasilorm stream is con-
25k densed, the water layer separated, aand the gombined liguid
hydrocarbons and ggsecus residus is orehested to S00°F. and
passed in direet contact with the mazs of catalyst previously
prehested &s sbove and withdravm from the rreheating vessel
at a temperature of about 1150°F. Aversge Lemperature in

230F thig zone is maintained at about 1000°F. with & gassous hourly

- 12 -
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L meturn of unsaturated hydrocaroon gaces Lo the aynthssis re-

i volvinr endothermie enerzy reoauirenents £b Lemperafures abava

| preferanly from abeut 50 to IO5UPF. Opace velosities may

{tazeous where only normally liowid Hyarocrrbons beiling in

and dehydrstisn of the foregeing sxampls may be cerried out

46454¢€

spaee veloaity of sbout 10C0.  The paseous efiflusnt from the i
panversion sote 5 condsnged end separatec Into A ohlr maso-
lins Irzetica of sbout 2CG octane by ths COFR monor mzthed, &
refetively small freciien of Risher boiiing components, and i
a normally zssseus resceion which I3 returned te the indet of
the svnthesis resctor with partial vensing of the last-named

stresm in oxder 4o ralievs the accumulation of methene, nitra-

#em znd the Jike. When the foregoing exanple 1s Felipwed

wnder precisely the same condiiions as sbove without, however,

actor the net rroduction of liguid hydrocsrbons is subsbzan-
1511y reduged. There is, morsaver, un increass in nel
hydrocarbon gaz praductisn.
While the inwention has been illustrated largely En
terms of one gpacifie form of hydf&cafﬁon conversglion, it is

hroadly adaptable to widely varying tvpes ar conversion in-

200°F, and wherein the cotslyst is relatively trert with

resﬁect +5 the synthesis ges strean. dhus, the isomerizaticn
in the temperature range of Ifrom about P00 to 110Cew,. and

yary betwesn 500 end 1200 on the forsgolng hasis.
I place of the combimatlon isomerization and dehy-
droFenaticn catdlyst, we may smoloy sinply the silies-alumine-

thoria cemplex described above. Thia'is particularly adven-

rhe motor zasoline rane are to De cycled to the oatalytle
conversion stage, the gaseous atrTesm Deing zeperately recovaref.

Conversely, the coenversion step way 0perate On gimply & dehy=-
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rrarenation cstolyst, sarticulacly whea only She gFsoous or

lswer bydrecarheons £@e Lo be racyelsd o the conversicn zone
and thencs pessad no she syathesis reactor for tﬁe production!
of &dditicnsl metor poscoline fractions.

Chhar cotelysts martienlsrly uselul in tha prasent
srogres are sciivated beuxibe, e.g., sv-colled Crelooel, e

actiystazd =iaeing.  These e phrllenTs~ly sdvantagesus in

reforming syothesis hyarooerbons snd rarsinnlarly in delydrac-

ing  crypenated hydrocerhens normsdly opourring An the aynthadis

sroducts with a sorrespondingly inerssscd vraduction of desir-
abls motsr #zsoline hydroearbons.  Tn comnsctlon with these
cetslysts, comversiom bemperstures.arﬁ rreferaoly in the rengs
=f absut TOD o 250°F., preferably 200 oo Q0C*F., depemding,
&5 ig knawrn, upon the naturs of the oil prcduéed by the
synthesis step end the typzs and suslity of motar fuel
regilired.

In additizn to the foregoing, the conversion step of
fhe invention msy embody craecking, re-forming, eyeclization and
apomatizatisn of the syathetic hydrocsrhons in the presence of
any catalyst conventionsgl for this purficss, and generaliy all
sthars sypleal of endethermis hydrogsroon canrerslon procasse;
Obvipuzly, Trection Lemperaturs, pressurs and other condiflons
will be adjusted in accordance with the zeeepted cphimom rang

recognized in the art for the casalyst In russtion. Woreoaver,

the inventicn is met Limited to eatzlybic conversion bub in itjs

brasdest aspect, conbempletes substicution of the conversion
satalyst by 2 relatively inert hest ansorphive thermephore,
refrgctory &t the temperaturss invelvad and capapnle in the
hested sondition of promoting thermal dscompositlon and dehy-

ragenstion of the hydrocerbon stiear.

I,
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mysmplsz, subsecnert Lo The canversion nome.
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Yhile regenerstlon of cetniysts per se forms nwa pars
of the proseqst invenilon, too parvarsicn eatelyst may well he o
e trested in ooy cowvensianal manner, either periodically or

"

2 spitshis regsnerabor may Te ioterpossd in tha oyele, for

while the foregaing exampls ta beesd upsn 3 syrthre-
siz rescticn emploving an iros LYpe ol satalyst, the hydroosr-
bon syntitesis may be carrisd out with any pther suitable
Fischer cete vet, typicelly mstals of the iran gfoup, such as
irom, cobalt, nicke: snd ruthenium. In fact, it is particuiarp
1y important to umote that the {avention finds a most preferred
adspbation in connsctisn itk tre uze of typical cobhalt syne
thesis catelysts wheredn the lignid hygroearbons cbtained are
peually of relatively low cectzne value capable of greas im-
provement Ty conversliomn. In short, the improvement in motor
gasoline characteristics of the Lliguid hycroezrboss 1s even
greater than in the given gxemple abhova.

Tt is to be understood, of course, that ths inven-
tion contsmplabes the incorporation with the synthesis cata-
lyets of any of the eonventicnal activauors and promebers in
their wsual propertions. Sueh, for example, ars the alkalil

metel and sikaline sarth metsl oxides, thoria, eirconia, bio

1

tenium, vanedium and uraniiit. The gatslvsts mey be either dla
crete ar supported upon & earrier such asg diatemaceous earth,
elay or silica gel.

Coviously, meny other modificaticns and vsriatisns
sF the invention sz hersinbefore set Torthz may be made Wwitholt
departing from the spirdt and seope ther=of, and therefore only
such limitstions should be imposed as arc lndicated in the
anpended claims.

- 15 -
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P The embodiments of the inventien in which an

tx\\ ff i exclusive preperty or privilege is claimed are defined as
L ?fﬂllDWSt

L. The mewhod for synthesizing liquid hydrocarhbeons |
iwhich comprises generating & bigh temperature stream af
ésynthesis gas comprising essentially hydrogen and cearbon |
!mnnuxida, transferring sensible heat of szid high temparature:
fstream by passing said stream in heat transfer relationshlp
?with a hydroesrhon conversion catalyst until said hydroe-
Icarhon coaversion cetalyst reaches an elevated hydrocaroon
iconversiun tempersture, thereafter pasaing said synthesis gas!
under reaction conditions in contact with a hydrocarton E
anntheaia catalyst oparative to promate the cirect synchesis
.. iof normally liquid hydrocarbons, withdrawing hydrocarbon
:¢unvaraiun eetalyst from said synthesls gas strefm 6% gald

- elevated conversion temperature, passing a portlon at least

h

of said synthesis hydrocarbons in contact therewith Tor a
time sufficient to result in conversion of seld hydrﬁcarbona,
recovering converted liguid hydrocarbens and recyoling |
?nnzwmlly gascous hydrocarbon products ef coenversion te the
'hydrocarhon synthesis catalyst in admixture with the

syntheais gas feed.

2. The method as defined in claim 1 wherein said
| hydreearbon conversion catalyst compfisES.a reforming and

dehydrogenation savalyst.

3. The method for symthesizing 1iquid hydrpearbonal

which comprises generatlng = hlgh temperaturs siream of
_synthesis gas comprising essentially hydrogen and carbon




H
H
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" monoxide, cooling said gss by pessing it ik hszat transfer

:relationahip with a sglid, hydracarkbon comversion catalyst
;until saifd conversion cetelyst reaches zn elevated, hydro-
garbon conversion temperature, thereafter passing saigd
 syothesls gas under reszcticn condicions in gomtap:s with a
jhydrocarhon gyntinesis eobalyst until ayrthesis hydrocarbons
éiare formed, sepesrating said symihesis hydrecarbons fTom
iéhy-pruduct water wupor, withdrswing sald conversion catalyast
%frnm gaid synthesia gas stream at said elevated temperature,

| passing nornally liguid and normally gaseawe fraections of

EEsaid synthesis hydrocarbons in comtact wish said converaion
ccetalyst for a time sufficient to reawlt in conversion
ﬁthareuf, recovering sald gonverted hydrocarbons, separating
Euormally liguid fractions, snd supplying normally paseocus
éfractiona to the hydrocarbon ayuthesis cotalyst In admlxture

|with the synthesis gas feed.
|

I
i which comprises gemerating a high temperaturs stream of

| a¥ynthesis gas comprising #ssentially hydropen and carbon
jmunnxida, cooling sald gas by passing it in keat transfer
.ralationship with a solid, hydrocarboi conversion gatalyst
| having a dehydrogenating effect untll saild converslon catae

ilyat has reached an elevated temperature and said ayntheais

gas stream has besn cooled, thersafter passing said cooled

‘ symthesls gas into a reaction Zone in contact with & hydro-

' products from said reaction zone, separating hydrocarions

| from sald reaction products, withdrawing szid comversion

4+ The method for symtheaising licuid hydrocarbons

fieaThon aynthesis catAlyst under reaction conditlons operatlve

1to result in production of hydrocarbons, withdrawing Teaction!




1
i
v
'

464546

' eatalyst from the synthesis gas stresm ab sald elevated i

- hemperatures, converiing a portion st least of zald hydro-

¢ gufficient S0 result in sebetantial. converaion of the hydra-

| veraion products intc contaet with the symshesis cabalyst In

| sombination with the synthesls gas supplied thereto.

monoxide, cooling said pgas by pasaing it in hest bransfer

 gaid synthesls gas stream at sald elevaied nonversion LempeEIa

: thermophore comprise normally liguid hydrocarbons.

! said withdrawn hydrocarbons possed in contact with said

carbons by contact with sald comveralon ecatalyst, recovering !

t . ;
nermally liguid hyérocarbona from the sroducts of conversiom,

‘ and returning normally gasecus conversion »roducts to the i

i
hydrecarben synthesis catalyst with the synthesls gas feed.

5. The method of syothesizing liquid hydrocarbons i

. which comprises generating a high tempersturs stream of

gynthesis gas comprising sssentially hydrogen and cerbon

relationship with & solid, heat abeorptive thermophore

until said thermophore is heated to an elevated, hydrocarbon
gonversion temperature, thersafter pasalng gaid aynthesis
gas under reaction conditioms 1n contack with & hydrocarhon
gynthesis catalyst operative to promote the reduction of
carbon monoxlde by hydrogen with the direct production of
normally liquld and nermally gasecus hydrecarbons, withdraw-
ing said hydrocarbons from eomtact with said hydrocarbon

5yﬁthasis gatalyst, withdrawing said thermophore from the

ture, pagsing & porticon at lesat of tne withdrawn hydro-

' carbons in contact with said heated thermophore for a time !

garbons, recovering normally liauia nydrocarbons from the

produets of conversien and returning normally gasepus oon-

f, The mechod according to claim 5, wherein the

1 ¥
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.jmcnuxide, recovering sensible heat from said high temperaturs

| 7?7+ Tha methed according te claim 5, whereia the
lgaid withdrawn hydrocarbons passed in contact with sald
?tharmuphare comprise nermally ligeid hydrocarbons remalning

iafter separation of liquid hydwpearbens boillng above the

Emntor zasoline boiling range.

2. The method according te¢ elaim 5, wherein the

iaaid withdrawn hydrocarhons passed in contact with sald
Jtharmnphure comprise essentially normally gzszecus ) I

@hydrocarhons.

9. The wethod of syntheslzing ligquid hydrocarbons

ﬁwhich comprises generating 4 high temperature stream of

jaynthesis gas, comprising sssentlally hydrozsn and carbon

latream by passing said stream in heat transfer relaticnship
with & hydrocarbon converalon catalyst until sald hydrocarbon
 conversion satalyst reaches an elevated, hydrocarbon con-
Eversiun temperature, thereafter pasaing said zynthesizs gas
.under reaction eonditions in contact with a hydroesarbon

: synthesis hatzlyst under oparating corditions effective to
;fﬂtm normally liquid and normally gaseous hydrocarbons,
‘withdrawing thus formed hydrocarbous from contact with said
ihydrncarbon synthesis catalyst, wlthdrawing hydrocarhén con-
| version catalyst from said symtheals gas stream at szid
ielevated conversion temperature, passlng & portlon at least
{of maid hydrocarbons in comtect with sald withdrawn converzion

catalyst at conversion tempersture for a time suificient to

| result In pubstantial conversion thsrecf, recovering normally
1 H
liguid hydrocarbons from the products of conversion and i
irecycling normally gaseous hydrocarbon products of conﬂersion|

| I
lto the hydrocariten syntheslz catalyet in admixture with the |

%synthesis pas feed. '




464548

10. The method according to clailm 9@, whsrein sald
:hydrocarbons passed in contsct with sald conversion catalrst

|
i comprise nermally lisuid hydreecarbons.

: 11. The method according te claim 9, wherein said
|
inydroearbons passed in centact wlth sald cenversicn catalyst

1compriae nortally licuid hydrocarvons remaining after separa-
Eﬁicn of liculd hydrocarbons boiling above the moter gesoline

Thodling ranges

1z, The method according to claim 9, whereln said

‘hydrocarbons paszed 1n contect wilth said conversion catalyat

comprise essentizlly normally gaseocus hydrocarbons containing

‘from 2 to 4 varbop atoma per molecule.

13. The method acgordlng to claim 9, wherein sald
hydrocarbon converslon eatalyst is a refeorming cacalyst

jaffective o gonvert cxygenated hydrogarbons 3o olefins.

i Smawt & Blgeey ;
606 Vietoria Bullding, |
Ottown, Cemads !

Patent Agunsé of The Applicent
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Cerlified 1o be the drowinge referred 10
ir the specificoifon hevensio an_usmd.

~ Obbeww; Canadsa, August 28th
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