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our inventlon relates %o & method of ayntheeiziag
1iguid hydrocarbons snd more partieularly to a methed in which
lizht hydrocarbon gases such as methene, ethane and ihe 11ke
are converted to & mixture of carbon monoxide and hydrogen whigh
mey be aynthegized to form liguid hydrocarbons by a oatalytle
ayatheala.

The mizxturs of carbon mohoxide and hydrogen will Le
referrod to as “synthesie gas® for purpcaes of convenlenece, and
pur process ralstes chlefly to the producticn of syathesls gas
an & subocmbination of eteps in the broad combination of atepa
for producing liquld hydrocarbons by catalytic ayntbeala,. It
te to be understocd toat the syntheals gas may be employed for
the synthesis of any compounds known %5 the mrt whick may be
synthepized from mixturse of carbon monoxrids =nd bhydrogon.,

The ayntheals gns is preferably z mixturs of oaTbon
morioxlde ani hydrogen having a ratio of two volumes of hydro.-
gen to ome of carbop monoxlde, Thia mizture i made from
mathane, oteam and carbon dicxzide gocording %o the fpllowing
reactionl

3CH, + 00g + BHu0 = 400 + 8H

¥ethane may be obiained from nmatural gad wella,

Steam may bs obiained as a byproduct from the liguid eonversion
step, It will be abvloua, ¢heTefore, that the major problem

1n one of produoing the cerben dioxide zequlred for the prooeas,
Tha peaction of oonverting a mizture of methane, parben dloxide
and steam into eynthesis gas takes place at tenperaiures De-
tween 1800% ¥, and 3500° P, in tha pressnce of a catelysd,

Fuel muat be bumsd to achisve theae {emperaiurea, The 0ONe

busticn of fusl Tresults in esarben Aioxide,
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it is an objeot of cur invention to p'zovidu B pIofesg
in which the oborbon dicxide for the reaction is recovered from
the flue gases usped in hesting the catalytic chambers in which
the reaction ocours.

Angiher object of cur invention e to provide &
method of eynthesizing hydrooeTbone and more rerticulsrly syn-
thesis gae, which may be leter gynthaaimad to Iilguid bhydrogarbone
in 2 contimnous end economical manner, ’ _

Other and farther chjecte of our invention will ap—
péar from the following description:

The aceompenying drawing which forma part of the
inataznt epecification and is fo read in conjunctior therew
wilth represents a diagrammatic view of one form of apparstum
capable of carxying out the method of our invention,

Noze particularly, referring to the drawing, a llght
hydrogarbon gae such a5 meibane, for exsmple, obialnad From
any suitable mourse, is ihtrodused through line 1. The methene
may be under presaure of <00 pounde per square inoh and at &
temparaturs in the vieinlsy of 106° F. It ia 1o be underatood
tha%, throughout the speoifioation, partieular_températu:ea and
pregsures and compomitions of gases will be given by way of illus-
tration. Theae 1lluetrations are not 46 be oconatrued hy way of
1imitaticn,

The methans pagaea intec an abaprber towsar § which may
he 8 ocoventional bubble tray Lower oT ﬁ:paokuﬂ tower., The
mathans is ocntaoted cnuntaruu::nnflr 1ﬁ_touer 2 with & sult=
able golvent for removing hydrogen uulphi&a and octher sulphur
sompounda, which solvent enters the ‘lmwa:ra through line 3, I%
1s important that aulphur opmpounda be r;ﬁovud so thet in the
subsequent converalon of the nynthaais'gaa to liquid bhydrocarbone
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in the lloquid conversion etep, the catalyst there will noet be
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polEoned. .

. The sulphur oompounde in suluﬁian in the solvent are
withdrewn from the abzorber tower 2 through lios 4 and pessz
through bkeat exchanger §, fhrough line 8, into the stripping

tower 7 in which the sulphur compounds are atripped fTom the

. molvent by any auitable means, as for oxample, & raboiler 8, to

whioh steam is supplied through line 9. The etripper fower

may be maintalned under B pressure of 10 pounds per aguare 1nch
snd the Dobttom tower temperature may be maintalned approximately
325° ¥. The atrippsd sclution is withdrawn from the stripper
tower through line 10 and pmesed through heat exchenger 5 and
then pumpad by pump 11 through a cnnléi'ia in whioh the sbscrp-
tion menstruam ia cocled by hest exchange with water introduced
through iine 13 o 2 temperature in the vicinity of 95% F. emd
in reintroduced into the abacrber iuwaiﬂfhrnugh 1line 3, The
vapora from the stripper towsr 7 are removed thrvugh plpe 14
and pass through a condenser 15 to which a cooling medium 19
supplisd through m pipe 18, The condensate is remgyed from the
sondensor 15 through line 1Y and passed 1lntoe the atripper tower
se Teflux condensate, 1t being umdarstbod that the strippar
tower nay be provided with fractiunating traya. The sulphur
opapounde gre vented through line 18 and Temoved Trom the process
Ths purified methane, which may cuntgi;guthar light kylrocarbon
gases suoh &@ ethans and the like, u?viéért gases auoh ae nltro-
g#en, is withdrawn Ifrom tos sbaorber tuia: 4 through line 19, A
portion of the metbana passes through line 80 into pipe 31 inta
whioh oarbon diczide 1s introduced through'pipa 28, Dteam is
alap introduced into pipe #1 through plpe 33 which ia controlled
by valve 84 a0 that the manlfold 35 will com$ain 2 mixture of
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methane, carbon dioxide and sieam. The s%eam may be produced
from the liguid conversion step from winlch 11t may be withdrawn
through pipe 86, controlled by walve 27 and may he uwnder a
pressure of 1E0 pounds per equexe inch. A pair of catalytic
and regenerator chambers 8 and 9 are ﬁroviﬂed. ¥hen one of
the chapbers is on the make cyole, the other of the chembers
is being heated, that ig, it may be conslidersd as belng on the
hlast oycle, a8 wlll be hereinaiter moré fully pointed oui.
Iz the drewing, chamber 32 is on the mske oycle so that walves
50 and 48 will be closed and velve 31 will be opened, permitting
the mixtore of methene, carbhon digxide and steam to paas through
line 32 into the catalyet cbamber 22, The catzalyst masz in the
chembrer has besn previocusly heated by the burning of carbonaceots
fuel therein o a temperature aof the order of 3300* ¥, The cata-
1yet w=y be wmetallic nigkel, deposited upon a suitable scarrier,
The reantlon berelnbefors described takss'place in the cetalyst
chemper and the mixture of eynthesis gﬁﬁ'ia withdzamn from the
ostplyst chamber through pips 33, 1t baiﬁé understood that velve
34 1@ ¢loased and valve 35 is open, The synthesis gea passes
through pipe 36 into the liguld conversion step which is indicat-
ed diagremmetically by the reference numeral 37,

Thig liguid conversion sten fn which & aynthésia gas
15 gonverted into liguid hydroomrbona, 1p deecribed in the ard
by Flacher and Tropsch &nd othera who have aynthesiged hydro-
onrbons from mirturee of ocazbon monmoxide and hydrogen. The
reagtion takes place in the presence of & catalyst, in the Ticin-
ity of A00% CU. e followe! .

0o + gHg — (OHp)y + HD + heat
The oatalysta veed in the gﬁﬁva process may be osbalt-

thorlum-kieselguhT, or nickel mnnganﬂﬁﬁ alumine kiesslguhr o
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cobplt-thorlup-copper-kieselzvhr mlxtures prepared by the ré-
duction of metallic pltrates with hydrogen,

The Liguid hyd:mna.r‘baﬁs are withﬂrawn from the lignid
ponversion Btep through pipe 38 which ia controlled by valve
32, A gas holder 40 is provided to control the flow to the
liquid oonversion step, When too mmoh syntheslie gae is heing
made, the exoeas is diverted through oipe 41 weich is pontroliaed
by valve 43 intc tne gas holdex 40. When not enough syninesls
gad 1= belng made, the deficiency i=s supplied by removing gas
from the hnlder'b# bloweT 45 which pzeases gas through pipe 44
into the pipe 36 for passage to the liguid canver=zion aten,
the fiow of synthesis gee being controlled by valve 45, A
heat oxohanger 36a ia positionsd in the line 3E to maintain the
desired tempwTature of the gas entéring she liquid conversion
atep 37, wnich exchange may be aither'é:ﬁéater or & oooler,

While chamber 28 1a on the ﬁaﬁé, chanber 38 lg belng
heatad, 4 portlon of the methane 1eﬁviﬁg the abeorbar through
line 19 peeses intc pipe 46, The velve 47 ls cloged and the’
valve 49 is opened, permitting the methane gas To pass into
manifold 50, whenpe it may pess thyough pipes 51, 52 and 53
for admixture wilth alr being suppiied from pipe 04 by tha blewer
55, through pipe 56, The methane wlll burn, producing carbon
dioxride and sieam, the produota of vembusticn being withdrasn
through pipe BY and pmasing through valve 58 into plps 58, into
g drum 60 into whioh weter is introduced through pipes 61 and
&3,eontrelled by valves 63 and 54; .: :

The methans 1a introduced aﬁ‘#'plurality of separatad
points throughout the catalyat ohember to distribute the heat.
If all the methens were introduced ﬂt_a;aingla peint, o at a

sow points, the flame temperature would be so high that the




'
B e LI YR

e e R T

A L,

e D A [ R i e e o

o
—_—
! "
]
[

)

brick or catelyst might be dameged, 3y dlstributing the beating !
ooints, the desized temperature of 5500% F, is aahﬁavad. :

Beaiges methene, other carbonscsous fuels suck as pul-
verized coal or ooks or liguid fuels may be used in the blast
eycle, Iin burning suwch maverials provlslon would be made fox
propsrly introducing the fuels %o the chambera,

The valves 83 and 84 are éo canbTolled that the pro—
ducts of ceombustion eTe gooled ‘to arcund 100° F. At this tom-
persture most of the steam of the gzsee of corbuetion willi be
condenped and will be withdrawn from the drum B0, together with
the coollng water tarough line 65, . The gooled gases leave the
drum through llne 86 and pase into &n nbuurhsr &7 shich msy be
a paoked or bubbls tray sbaorper similar to the sbsorber 3, The
gagee of gombustion are contacted nountercurrantly with a suitablp
anlvunt for carbon dioxide, which is 1ntrﬂdunad intos the abaorbel]
through pipe 68, The abasrther may be operated unda: A DISSBUTE
of 36 pounds per sgoare inch, The aalntinn of carbon dtoxide 1n
the palyent ar absorbing menstruvm ie withdrawn from the absorbax
through pipe 8% and is pusped by paep 70 through pipe TL through
heat szohanger 73, through pips 73 into the stripping tower 7.
The siripping tower ls operated to paintain a bottom femperature
in the wicinity of 335° F, vy means éf?a reboiler 76 %o which
ateam iz supplied through vipe 78. The stripped cerbon dloxide
gas 18 withdrswn from the stripper th;uugh pipe 77 and pessed
through & condenser 79 to which a uuuling medivm 12 supplied
through pipa 7. The condenaibles are returned to the stripper
through pips 80 s reflux, It 1g understood that the strlpper
mey be provided with fractionating treye. The carbon dioxide

ges ia withdrawmn from the oondemasy througk pipe 81 and is pessefl
- into pipe 88 for passage into the manifold 21 a; heroinebove
dsscribed, 4 gas holder 82 1z provided for the contzol of the
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¢aTbon dioxide etress, Whan an excess of carbon d4loxide le De—
ing made, it will pase through pipe 83 controlled by valve 84
into the zes holder 83. When an insufficlent ouentlity of cerbon
diczide i= being recovered, carbon dioxide is pumpsd from the
ga@ holder by blower 85 and pesaed through line B8 into pipe Ra
for peseage to the catalyet chamberw.

The geaes of cosbustion will ¢ontain nitrogen, pome
garbon wonorxids mnd other gases, These ard not sbsorbed by the
gelectiva solvent for cmToon dloxlde and pzes from the absorbeT
%ower S7 through pipe 87, :

. The etrippsd carbon dioxlde solvent leavee the
atrippsr througk pips 88, passes through hemt exchanger TEIan&
1s pumped by pwmp B9 through the cooler 30, through line &4,
pacgk into the abaorber for reuse, A nnaiing medium 1s aupplied
to the copler through line 9) and aserves to reduce the temperxa~
ture of the sbeprbing menstruwum to aboui 80° F,

In the ﬁraiinga, chamber 28 is on the blset oycle and
ohamber 29 iz con the make oyole. When the averags temperature
of the omtelyet mzas in chamber 39 dropa to aboutb 800" F, a=
can be resdily ddtermined by pyrometers, thermometers and other
$emperature regording insiruwents known fo the art, valwes 92,
35, 49, 31, and 58 arc closed and vaives 53, 34, 47, 46, and 30
are opened, This tranafera oatalyst ochamber 29 to the blast
eyole and catalyst chasber 38 to the ﬁagn eyole,

Waen the ohanging of Yalved hai'buﬂn gonpleted, methans
gas will flow through the valve 47 ind_ﬁipu 24 into a manifold
88 and branch plpes ga, 97 and 98 1nto_tha chamber 28 for ool
tusticn with ailr furninbed by blower 55 through plpe &9, con-

" ¢molled by valve 34, alx passing into the ostalyst chember 39

through plpe 3. The products of combuatlon will leave the
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cheribar 29 turvugh the pips 32 and pipe 100, valve 30 belng
opened for passage into the plpe B0 %o ke carbon Aioxide ab-
gorphion system. fhe wixrture of methane, carbol digxide amd
steam in pipe BE will peea through pipe 101, conirclled by walve
48 into pipa 5% into the catalyst cheuber 26, while the ayntheaia
ges formed in the catelyst chamber will be withdrawn through plpe
102, controlled Ly valve 83 Into the pipe 55 for passage to the
iigquld conweraion gtep or gas holder, oI both,
e flow of gaszea throngh ihe catalyst chemier on

she meke cycle and the flow of methans to the chamber on the
wiapt cycle arae 9o controlied that the heating %o tha temperh-
ture of sbout 2200* ¥, of the patalyst mess in the ohamber OR tha
blaset cyols and the drop in tepperature o sboub 1800° F, of the
ocatalyat mass in the ohmber on the make oycle are coertenslve

go Phat the propess DAY be opereied continwmsiy be eliernate—

1y skliffing one caialyet chamber Irom pake cyele to blast oyels

and éina YaTah.
It will be observed that wo have acgomplished ihe ob-

jacts of our iaveantion, Wé bhave providéd a nmovel and expedliiocus
manner of synthealzing liquid h?drucafbnnﬂ from normally Zheecus
nydrooarbong inciuding a nevel =tep uﬂmbination irwolving the
production of synthwels gas from methane, steam, and carbon
dioxide in which the cazben dioxlide 1a?euunnmi¢ally recovered
from the gases used in nupplying hpat fﬁr the produsticn of the
synthesls gasas,

It will be undsrstood that osrtaln feafures and sub-
conbinationa are of uiility and may be employed without refer-
enca to othax featurss and gub-ooubinations, This 1= aont e~
plated by and ie witnin the soope of our elpims, It 18 further
abrious thatb variuus changeo may ha maﬂa 17 deteile within the
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goooe of our clalme without departing from the splirit of our
invention. I+t is, therefore, %o be understopd thet our lnventicn

is not to be limlited to tne specific @étails shown and deaoribed,
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Having thus described our invention, what we olailm

ie:

1. &4 mathod of comverting hydrocarbon geses into
1iguid hydrooarions oy gynthesis of synthesie gas comprising
onvbon monoxide and hydrogen, sald syniheols gae prodnead in
catalyiic contacting zmones operated slteroately on biaet and
make eycles, the blast eycle ocmprising buroing carbonacecud
asterizl with alr to raise the temperaiure between 2E00% F. and
1800* ¥,, the meke cycle oomprising subiecting a mizture of
hydrocarbon gas, stesm and carbon dioxide to catalytic con=
veTsicn betwesn Gemperatures of 4800° F, and 1800* F, in the
prezence of a catalyst, apid garben dicride being recovered
from the ﬁlaht eyole, snd converting the syathesis gas into

liquid hydrooasrbona,

3. In & method of convaTsing hydrocarben gases
into liguid hydscceerbonsg inoluding the steps of burning hydro-
oarbons 1n & flzet cntaiyat contagt zone %o ral=e the seme 1o

o temperztura betwesn 1800% F. and 3200° ¥., recovering parbon

" digxide from the producte of oombuation, forming & mixture of

carbon dloxide, hydrocarbon ga8 and stemm, eabjecting zsid
nixture €0 énmalytic gonversion into synthesie gal oomprialng
oaroon monoxids snd hydrogen in B second ocatelyile oontant

gane betwaen the temperatures of 3300 F, and 1800° F., perioed-
jioally revdreing the rones in whioh turning of LYATCOATDONS
and conversion of hydrooarboen gas ta synibeals ges faken Tlaod,
and converhing sald ayntheais gas 1ﬁto 1iquid hydrecarbonad in
the pressnce of a catalyst at elevated ﬁamperatu:t.
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5, A method as in ¢laim 2 in which sald hydroosTbon

gas is aubjected toc ths action of & hydrogen sulphlde select-

irve golvent prior o use in the prooesse,

4, A methsd za in clalnm & in which sald pcarbon

dioxide g recoverad from the products of combustion by

abzorption with = seleniive solwent.
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