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I[mpru?smants in or réla.ting to Casoline Hydrocarbons and

~ Process for the Manufacture thereof

T, Aprevr Baromn STEVERS, 3 Brtish
Subject,, of the Pirm of Steveus, Langner,
Pirry & Rollingon, Chartered Patent
Agents, of 59, Quelity Court, Changery

5 Tane, London, W.C.2, do hereby declare

the nature of this invention (Commmnica-
tion. from. Hydrocarbom Research, Inc., 2
Ulotporation organised whder the laws of
the State of New Jersey, Tnited Sfates of
10 America, of 115, Broadway, New Vork, 6
Qtate of New Yok,  United States ot
America) and in whaj manner the same
is to be performed, to be particularly des-
cribed pud ascertained in wnd by the fol-
15 lowing statement: — .

Thiz invention yelates o the production
of normally.liguid hydrocarbons from. a
passous mixhire consisting essentially of
carbon monoxide and hydregen. More par-
20 ficnlasly, the invention relates to the pro-
duction of liquid motor fuel of high anti-

knock value. - .
The invention centemplates the utiliza-
. tion of normally gassous by drocerhons of
25 low molecular weight, suci- as methane,
ethane, afc.. and alsp hesvy hydrovarbons
as well a9 other carbongcecus materials in
the gemeration of synthesis gas; 1.e. &
. mixinre of carbon monoxide and hydrogen
80 the synthesis of Lydrocarbons frum such
eus wnd the working up of the syuthesis

_prodmets to -obfain a maximum yield or

normally, liguid hydrocarbons of which
tha major portion is a motor fuel of high
85 antiknock value. . The invention makes
considerable poiat of maintaining a bhig
sfficiency of uiilization of the gascous
hydrocarbon or other carbonacecas feed in
 terms of desired liquid hydrocarbons
40 produced. L _
The prime uh{eet of the fnvention is o
provide a movel and simple process [oT
renching parhon monoxide end hydrogento
form liguid - hydrocarbons in fhe motor
48 fnél range. ' :
Amnather principal ohject in to provide
a synthesis pracess in which the several
sbeps are so infegrated that the major pro~

PR

duet {s a motor fuel
antiknock value and at the same time a,
high ufilization eficiency of the gaseuns
hydrocarhon feed is realized.. '
Another object is to conduct the con-
version of gaseous hydroearbons to liguid
hydrocarbons of high antilnock reting in
cquipment which is simple and cheap,
Tn accordence with the fnvention, a con-
finuous process is provided. for the many-

facture of gnsoline hydrocarbons which

_comprises geherating a synthesis gas con-

sisting essentially of carbon monoxide and
hydrogen, passing said synihesis gas in
contact with a fuidized synthesis catalyst
comprising iron in s synthesis reaction
zone, eflecting said contact at. elevated
temperatnre and under super-atmogpheric

ressure such. that carbhon monoxide and
hydrogen undergo substantial cunversion
info normally lquid hydroearbons with
formation 0f oxygen-containing com-
pounds, withdrawing an effuent stream of
reackion products from said synthesis
reaction gone, separating from said
effivent a Mrm&llﬁiqnid fraction rich in
gasoline hydrocarbons and confaining a
substantial amonnt of oxygen-contpining
compounds, swhjecting said fraclion fo
contact with o yolid contact agent of ‘the
mineral type fo effect dehydration in a
treating zome in the prescnes of o substan-
tial .amount of earbon dioxide at a fem-
perature generally in the range of 708 {o
a50° F. thereby effecting conversion of
sueh hydeocarbons intn gascline hypdro-
carbong of- improved eautiknock valua,
femoving from the contact treating zone 2
product wixture containing improved
ﬁasqlme‘hy&rosaxbons, £asenus h}é Focar-

ons and gas inciud_in% _carbon: dipxide,
and resovering gesoline hydrocarbons
therefrom. In carrying ouf the invention
a normally gaseouns hydrecarbos, e.g-
natural gas snd refinery waste gases, 1s
converted to synihesis gas, s mixiure of
cerbon monoxide-and hydrogen, by any of
the known pracedmres which permit the
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recycling of earbon dioxids in_order fo
form pdditiernal ecarhon monoxide, It is
praferred 4o cunduct the conversion by the
reaction of the gaseous hydrocarbon with
6 combrolled quenfities of oxygen ot a tem-
perature in the vicinity of 2000° F. to
2400° F. and under a pressure of about
250 pounds or in the range of about
100500 pounds pev square inch: %a:uge.
Advantageously the oxygen and hydro-
narbon gZas are separately prehealed to at
Teast 600" F. and prefefa%ly a8 Ligh as
pessible. The synthesis gas is then possed
through o reactor confaining an irem
18 catalvst. While the desired conditions of
synthesia are generally well understood,
ereat difficnlty is experienced in atfain-
fng them in ecommercial-scale equipment,
Tt has been found preferahle, therefove,
tq conduct the synthesis step in accor
dance with the fluidizetion technique
whereby the synthesis pas Is passed up
through a mass of powdered catalyst at
gneh veloeity that the powder is main-
tained in o suspended state without appre-
clable guantifies of the - mowder heing
carried oub of the reactor by the offluent
Tases. -
A desirable flutd resetor compricss =
30 vertical reactipn vessel pontaining cocling
gurfaces one side of which surfaee iIs In
contact with flunidized catalysh and reee-
tants while the other side is in contact
with a suitable heat carvier fluid snoh a8
86 water or a- mixztuge of diphenyl and
diphenyl ether flowing thercover for the
purpose of absorbing heat liberaied by the
reartion and removing it from the rezc-
tion zone. The fluidized caialvst powder
0 and reactants advantageomsly oceupy
gpace in the channels hefween verfical
cooling- tubes. Tt is desirabla that such
reaclivn channels have an effective size
of pipe haviog an isternal Tadins of nok
48 legs than about 0.5 inch end not more
ihen shout 4 inches. By effective pipe
size it is means that in any tfubulor rese-
tivn channel, the furthest catalyst par-
fiele shall be not less than about .5 inch
and not more than ebbut 4 inches away
from the closest wall of cocling eurface,
. Preferably the effective pipe size of the
reaclion channel is mot less thun about 1
inch and not more than about 2 inches in
58 internal radivas. . )
The' synthasis catalyst comprises iron
containing suitable promoters such as
the . oxides of magmesivm, thorium,
alumina, ebe. The reaction may be cazried
60 out at temperntores in the Tange of ahout
500 to 700" F. and under pressures rang-
ing from 100 to BOO pounds per sguare
inch gange,
An important phase of the invention is
the trcatment of the regetion products to
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stabilize {hem and to improve their andi-
fmock value, For this purpose a catalytie
treating unit is employed, through whirh
the resction producls are passed. As is
known, the oil or hydreearhon layer
obtained from a catalytic synthesis pro-
cess frequently containg as much es abowt
5% by weight of oxygen and rarely less
than about 3%. The oxvgeu is present in
the form of alcohols and other oxygenated
eompotunds which remain dissolved in the
oil layer when separafed from the water
of reaption which holds in solution an
even Jarger proportion of oxygenated
compuunds. An oxygen conbent of ghoud
3% by weight genevally means that the
oil confaing about 10% by volnme of
aleohols and other oxygenated com-
pounds. The presence of cxvgehated com-
paunde in a meter fadl is detrimental to
both stability and antikmock rating.
Accordingly, from a commercial view-
puolnt, it 18 found imperative to treat such
synthetic gasoline so that the oxygen In
the product is eliminated. Passaga of the
gynthetio oil in vapoor phese through a
mass of solid dehygra{'-ion cetalyst, such
gs activated alumipa or bauxite, or a
synthetie silica-alumina type of catalyst,
at temperatures abave about 700° ¥, lcads
to the splitting off of water from the
oxygenated eompounds and, consequently,
to improvement of the gasoline stability
and amtiknock value. At temperalures of
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about 700 to T6Q° T., the calalytic freat- 100

ment i essenfially a dehydration opera-
fion, water heing split oet from the oxy-
genated compounds. Ap fhe temperafure
of this treatment iz raised the dehydru-~
Yiom: is nceompanied hy am  incrensing 103
amount of reforming or cracking of the
produet. Thuns, at a temperature of shout
950" F. the hydrocarbon fraction is not
only -decxygenated but also meberially
reformad. The temperafare selecied for 110
this eatalytic treatment, generally in the
range of 700 to 950° T and preferably in
the range of about 80 fo 9007 T.,
depends upon the nature of the oil pro-
duced by the svntheals ster and the
quality of the motor fuel which is desirved
as the end produef. SBuch catalvtic treat-
. ment to Improve the mofor facl leeds to
the demorition of carbopuceous matter on
the catalyst which mast be removed in
order to maibdain eatalysy aetivity. The
regeneration of spent catalvst is eonven-
ilonally conducted by burning the car
borsceous deposit with s stream of air.
Ta the process of the invention, however, 125
subatantially pure oxvmwen (1.e., nof less
than about 95% by volume of oxygen) bus
been. ndopted as the regeneration gas 50
that. the resultant flue gas from the
regencration step is essentially carbon 136
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Ml gtop are' returned to

monoxide and carbon dioxide, nsually in
the retio ¢f ome volume of monoxide-to
two volumes of dioxide. This gas which
containg ail of the carbon laid down om

b the catalyst and which normslly would
represent; s loss in the ubilization of the
gaseous hydrocarbon feed to the process,

ig i 4 form admivably suited for reﬁiucling’-
either to the synthesis gas generator or

10 to the synthesie reactor or to hoth. In
this manneyr a higher ntilizaticn effiicency

is sffectad for the fedd fo the process than
has been powssible by eny prior process
dirseted to the production of motor fuel

B of high antiknock value.r As is known,
the &ynthesiz rveaction produces both
gageous hydrocarhons, e.g., hydrocarhons
having three or four carbon wloms, as
,well as heavier hydrocarbons beyond the
A ordinary range of motor fusls. The cafe-
lytio treativg "step, when carried ai
‘reforming or eracking condiiions, has the
wdded advantuge of appreciably reducing
the quantity of heavier  hydrocarbons
25 which, in fact, may be reduced to zny
desired limit. A fraction suvitabls for
dicsel oil menufacburo way be separated

{rom the synthesis resction preducts prior’

10 the foregoing eafalylic treatment,
ile in the procesy nf the invention
the catalytic freating step is relied om to
deliver & motor fuel of high antilmock
valus and to curteil the production of
_heavy hydrocarbons, it is advantageocus
88 wlgo o provide a polymerization step te
produce ax addionsl gasoline fractiom
from the normally gaseous hydroczrbons
froxe the syathesis step.  Any vesidugl,
wnreacted hydrocarbon gases from s
e synthesiy pas
eneralor wherein they ave ntilized for
fﬁe produrtion of synbhesis gas and im the
subsequent synthesls step additiopal
Tiuid hydrocarbons are formed., T4 iy
4b svident that the foregoing imtegration
and interrolation of the several sieps
regults in o process In which the Zaseons
hydrocarbon feed i3 converied to a major
qnantity of gasoline of high anfiknock
0 value and good shability and a miner
guantity "of waluable eil, ag., dle:sei
grade, while aifaining s high utilization
afficiency for the gaseous hwdrocarbom
feed in ferme of the liguid hydrocerbons

86 produced. L. o
Tn he accomnanying drawing there is
schematically shown o plant in which the
nrocess of the invention may be carried

out contimeously for the production of
80 motor fuel from natural gus,

A_nataral gng contzining about 809%
methene s dyawn from a source nob
ghown throneh apipe I and condneted o
a generator 2, Sumultanedusly, oxygen

68 of ahout 98% puriby is drawn from an

oxygen plant 4 and conducted threugh
pipe b %o the generatoer, :

Advantageously, the genarator 2 com-
priscs a refracory-lined, unpacked vessel _
wherein ‘the natural ges wwd oxygen ave 0
reacted at & temperature af about 2600° F.
and under a pressure of approximately
250 - 275 pounds per sguare 1neh gouge. .
As will be mextioned later, recyole gus -
obfained from subseyuent stages in She 76
process may be passed o tle generator.

The resulting synthesls gas containing
about 85—95% oearhon fagnoxide and
hydrogen in the rativ of about 2 mols of
bydrogen t¢ I mol of carbon monoxide iz 80
delivered through a pipe 6, cooler 7 and -
pipe 8 te o synthesis reédotor'd. The syn-
thesis gas iz coeled to about G00° F. priox
o mbroduclin to the remotor 9.  Pre-
vision may be madé for injecting fresh &F
feed gas at -2 plurality of mcwedinﬁ
points by passage thiough pipe 11 an
branch pipes 12, 13 and 14.

The reactor 9, operating at-a pressura
of about 260 pdunds per square ineh RO
gauge and & terperaturs of about 860° .,

18 of the {ype 10 which powdered. iron

“catalyst is smuspended B an upward flow-

ing stream of syntheeis gas and forms a
velatively dense luidived mass. T is 89
advisable {o 'pass:the gasse through the
fluidized catalyst mass a4 an average
veloeity of gbout 1 foot pex second and o
effeci & contact Hme of 30-—60 seconds.
Powdered irow - containing 2—89% of
otassium oxide (E,0) 4nd elumine
ALQ.} as promoters is a desirable cata-
Iyst, Preferably all of the powdér should:
gasa through'e 200 mesh sereeln and shoat
36% should pass threagh & 320 megh 105
geresn. Tempefaturs contro] is ablained.
through a ‘suitable heai exchange device
such ag a coil 10 disposed within the
fuidized eatalys| mnss. -

The reactioh  gases “comtaining semec 110
enfraived catalyst powder lewve reactor 9 -
through z pipe 15 and pass to 4 separator
18. This separator may comprise any
suitable means for separativg dust from
gases, such ag Hltratiod, cenbrifugal or 113
electrical precipitalici, of a combinabion
ol such means. . . The separabed catalyst
powder is removed through a pipe 17 and
injentcd intoe the recycle pas stream flow-
ing thmu%h pipe 23 by which meang it 12
iy returned fo-ihe lower portion of the
resctor 9. . -

The effuent gasos, from which snlrained
catalyst has been removed, pass through
pipe 18 and cooler 19 inta & Bash' drom 125
20 lo effect g crude separativn of products
at a temperature ig the renge.of aboul
T0—L156° F. and while shill nnder sub-
stantialty fhe pressure prevailing in
reactor. 9.  About half of this produet 1o

114,
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mixtore is water of reachion while a
quarter of it may be carhon fioxide.

A water layer containing an sppreci-

. able quenfily of alcchols and other oxy-
@ wenated resction products is dratned from
the bottom of dram 20, An upper oif layer
alse containing oxygenated produchs is
withdrawn through pipe 21. Thig oil
layer holds abuut 1&)—15% of abuorbed
eathon dioxide and asbhoot 80—85H9
thersof comprises a naphtha. fraction hoil-
ing below about 400° ¥, which maphtha
fraction contedms ehout 40—50% olefins.
Tneondedsed gases flow from the top of
1§ the drum 20 through a pipe 22. This ges
" gtream may comprize a8 much as aboub
20—30% carbon dioxide, 20--40% hydro-
n, and up to aboit 2% carbon monexide
v volume, the remainder being mainly

20 }ight hydrocarhons having frem 1 1o
&ﬁmt & carbon atoms per molecule,

A portion of this gas siream is diverted
through o pipe 23 and foreed by com-

 pressor 23a into the reactor @ The

25 volzme of gas so recyeled may range from

abot 1 to 3 velumes or moze per volume

of fresh feed gas flowing through the
pipe 8. . '

i ?Ehe veeinder of this gas stream flow-

ing through pipe 22 is conducted through

pipe 24 to an absorber 25. The residual
gages from 2 polymerization plant
referved to hersinafter may he mixed in
whole or fu part with the gases flowing

theoagh the pipe 24 into the ahsorber 25.

Tha guses rise through the absorber 25
counter-currently to lean oil, the enriched

oil being withdrawn through 2 pipe 26

and into a lean oil s#ill 28, Steam mnjected

at the Dottom of stiil 28 displaces the
rageous hydrpcarbons which ere sernbbed

is-rum the gases processed in absorber 25.

The hydrocarben vapors flow from still

28 throwgh a pipe 29 and eooler 80 info &

separator 31 ‘wherein condensed and

uncondensad fractions ara separated. Oil
is refurned by woay of pipe 32 to the top
of still 238 while o waler layer is drawn

off ab the bottom of dwum 31,

80 The stripped oil flows from the hottom
of stifl 28 through pipe 84 and after
pesvage through a scoler not shown s
returned fo the top of absorber 25 thus
completing the aygipie flow of the absorp-

& tion mediuxe,

The residual gas leaving the top of the
absorber 25 contains a large amount of
earbon dioxide, for example as much as
40%. A porfion of this gas may be

60 veuted while the remainder is divertsd
into & pipe 35 through which it may he
forced by a compressor 86 cither into 2
branch pipe 87 far recycling to the reactor
8, or inte a hfamch pipe 88 for reoycling

85 to . the generator 2. Recycling to the

B0
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reactor is advantageous as regards ohfain-
ing maximum conversion of synthesis gas
into desiyed products. If desired, this
was may be recycled fo both the reactny 9
and the generator 8. 1

The vented pas has soma fuel value and
may bo atilized to provide heat in the
plant or elsewhere.

+The recovered gasecus hydrocarbons
flowing from the top of the separator 31 Y&
through e pipe 39 comprise ainly
hydrocarbons ranging from” about 8 ta &
or 6 carbon atoms per molécule. This gas
stream, which, contains a esubstaniial
amount of earhon dioxide, is condusted
through pipe 39a and mixed with the ¢il
stream flowing through pipe 21. The
resulting mixture is passed through =
heater 40 wherein the temperature is
raised to about 900° F. The heated straam 86
is conducted through a pipe 4la to fhe
bottom of o treater 42  This treafer
advantagecusly invulves a unitary reactor
in which a fluidized mass of a powdered
treating catalyst, e.g., Cyclocel, 2 bauxite B0
catalyst, is divided by an mwpiight batie
_into & conversion zone 48 and a configuous
combustion zone 44. The gas stream rises
through the comversion zone 43 at a
veloctty of about 1 foot per second and the 8%
confaet time is ahont 2030 seconds. A
stream of cxygen is auﬁplied from plent 4
by way of pipe 45 to the combustion zone
44..0f treater 42 in order to burn off
oarbunaceous dehosits formed on the eata- 100
lyst. during ireatment of the gaseous
hydrocarhong in zone 43, -

By maintaining different fnid-staiic
aids, e;ﬁ-., by producing different densi-
tics of the flwidized catalyst mass in zones 105
43 end’ 44, cyclie flaw  of  the
fluidized cafalyst through +hese mones is
established, ’ '

. With the aid of the heat of combustion
liverated ih sone 44 and fhe heat curried 110
by ihe pipe 40, a temperdture of ahout
850° F. is maeinluinéd in zone 43, As a
refull of the catalyfic treatment, oxvy-
genaled products ave chemicelly de-
hydrated, i.6., molecules of weter arve 114
eplit out of the pxygemafed compounds,
and gopounds such 28 aldebydes, ketones
end acids decompoge produeing additional
cyrbon dioxide and carhon monoxide, Tu
addition, the octana vnlwe of the hydro- 120
earbons ig ‘maferially Imvreased while
reforming of heavier hydrocarbons is alsa
effected. .
. The carbun dioxide prasent in the oil
undergoing eluy freatment af clevated 125
temperature acts a5 a diluend and reduces
the partial pressure of the hydroearbons
thereby giving rise te conditinns favorable
to renliving maximum octane improve-
ment while voiding side reactions which 130

80
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wonld pive rise to-excessive sarbon forma-
tion. Lo obtain these results, it is advan-
tageous to provide from abouh 2 .to 10
molg of earbon dioxide per mol of nor-
§ mally Bzguid hydrocarbons passing t0 the
tregber 42. . o :
The reaction produets alomg with the
products of combustion whick ate largely
~ carbop. motpxide and earbon dioxide in
10 fhe proportions of 1 and 2 volumes respec-
tively, leave the fop of the irewler 42
thirdugh a pipe 46. ]%I'hm sfream is infro-
duced to a fractionator 47 for the purpiose
of saparating from the freated products 2
i&iﬂabebﬂm%on_.mmh:f _yguses amji:
rocarbons hoiling” in {he range o
mebor fuel, a.rﬁi.'a. Igsidual ﬁacﬁdtilgﬁm~
Tieing: oil or hydra _
ﬁbwe 400° ¥, The latter is drawn o
20 through a pipe 48. Any catalyst entrained
- in the efiwent gases irom. the lreater 42
is recavered as & elurry in the gas il

16

Stream drawn off from (he botiom of the .

fractionator. .

a5 Tho " distillate frwobion is coivducted

theough. pipe 49 and coojer, 60 to 2 separa-

tor bl wherein  uncondensed 88 Are
separated from ligquid. . The liguid forms
a lower fiquid layer whichk is withdeawn
38 &b.the boljom ‘of the separator, and an oil
layer which is patfly refurned by way of
pump 52 and pips 53 imto the top of the
fractionitor 47. ‘Ehe rest of the oil layer
ig forced by pump 54 through pipe 55 and
85 lieat exehaoger 58 into the lower porlion
" of astabilizer 57. The vneondénsed gases
from the top of the separator 51 are con-
dueted through a pipe 68 and.iujected
" imio the wpper portion of stahilizer bY.
40 The .stabilized gasoline iz withdrawn
from the bothom of the stebilizer 57 ’ng
way of heat exchanger 50 and pige"ﬁﬂ.
%a’-spoua- streqm is zemoved feom the top of
¢ stubilizer ¥hoough a pipe 61 aud
45 cocler 62 from which if is discharged info
a geparator 83 which rempves uncondensed
gases from a liquid iraction. which is
retuirned by wey o pipe 64 snd pump 65

to. %]ﬁe 4op of.diie];zﬁa gew. ;
$0 . lhe nmrcpnoense BER CODLEinINg &
large amoint of qﬁfhﬁan dioxide, -some
-oa-r%on monoxide and hydrogen and light
hydrocarhons rabging mainly from 1 to
about £ carbun atoms per molecule are
66 drawn off from $he peparator 63 through
" = pipe 66. This shream contains valuahle
olafing predominantly in the range 3 to™4

corhon atoms per molecule, -

From. the pipe 66 the gus stream fows
.40 inte ‘an- shsorber 67. Lesn oil flows
" eountercurremtly to the gases in the
absorber 67 for the purpose of separabing:
the €, and higher hydrocarbons-. from
carhon -dioxide and - other ggses. . The
- 55 enriched oil ghream is Jrithdrawn through

carbons. beiling -

pipe 68 and. passed inlo a still 69 wherein
the ahsorbed hydrocarhons are stn%g::il
irom the léan oil by the injeciion of steam
of the botlom of the atill. - -

"The siripped oil is withdrawn, throngh yg
B prpe 70 “and aftep suitable. heat
exchangs, not shown, returned to the top
of the absorber 67, Thie unabsorhed
gases, contal oarbon dioxide, leaving
the top of thé absorber 67 fiow through a 7§
pizie T1'which communicadés with the pre-
viously mientioned pipe 86 for recycli
gither to the peactor 9 or the generator 2
48 may be desired, :

" Who glueny gases from. the still: 69 pass gp
thropil a pipe T2 and cooler 78 into a
separator 74 wherein uncondenged gases
wre separated from a liquid fraction. The
liguid fraction forms a lowar water layer
‘which is withdrawa at the bottom of the gy
sépargtor, and *an oil lzyer which is
returned by way of pipe 75 fo the jop of
the still § aszﬂeﬂuxf?.quid. '

“Ihe gases discharged. from the top of
the separater 74 pass through pipe 80 iv gp
-a heater 81 ‘and from. theve thTough pipe
82 {0 a polymeriger 83, The bydrocarbons -
ure subjected fo contact therein with a
suitable polymerizing catalyst such as &
phosphoris. acid ‘fype cataiyst of o tem- gp
perature ju the range of 875—5H00° F. and
under a presswre in fhe mange of HOQ-—
2000 puunds sc as to effect polymerization
of olefins, - 7 o ¢
. The gas fowing through pipe 80 may jg¢

conbuin substunlial amounts of carbou
diczide, and  therefore provisiom, not
shown, may be made for extracting

carhon dioxide thervefrom prior to poly-
merization, Carbon dicxide so removed
mey be recycled to the pipe 85.

‘15‘(1'19 reaction products Dags i L a
pipe 84 and cooler 85 info o stabilizer 86
wherein polymer {asolim is weparated
from lighl bydrocarbon gases and is with- 444
drawn Lhrough a pipe 87 "as. an end
produch. . .

A gag fraction is removed from the top
of the stabilizer 86 through a pipe 90 an:
oooler 91 and discharged into a separator 135
98 wherein condensate is separsted frem ~*
the gases and returned by pipe B4 wnd
pump 95 o the top of the stabilizer.
_ 'Lhe-gases leaving the top of the separa-
tur 93 and condisting essentially of G, and
l;ghter hydracirbons flow through a pipe
100 and may be diverted all pz in part
through pipe 101 fo_ -the - absorber 25
%?rmzhluabwe ‘-desmihiiafl. On, the other

; & portion-of this ges siream may y

he pasged through o pipe 102 and nn;:g- 12
pressor 108 to the generator 2. If desired,
o portica of the gas flowing through pipe

105

120

- 100 mazy be-discharged from ithe system.

Provigiof may algo be made for passing: gy
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gome of this gas back lhrough
asy o dilueng fo the polymer feed
threugh pipe 82. o

On the basis of charging the aforessid
natural pas to the generafor at the rate

e~ 104
p?ﬂi"ms*

of ghout 580 mels per heur, the plant has -

- o daily ‘production capzeity of abhout 355
barels® of uynthesized - gasoline; 178
bartele of polymerized 'El.‘iino {confain-
ing-hutane) and 48 barrels of gos oif. The
‘synihesized gasolive lias an oetane num-
ber of-76 oc 77 by the ASTM test methed
}EFR‘motcnr): he composite resulting

om blending the polymerized and syn-
thesizad- pasalines hay o ectane rating of
80 or over,” - - - - oo

¥n comnection with the synthesis reactor
operation it is contemplate that provision
may be made for recyeling a portion -of
the product gases without -cotling  and
s\;paratinn‘ of-produets. Thus, o portion
of the efffuent stresun fowing through the
pipe 18 may be diverted through a- pipe
18z- und thus recyeled directly-io the
reactor.  1f desired the effiuent stream ,
flovwing through pipe 16, with or without
recyeling g portion thereof to-the reaetor
through pipes 13 and 18a, may be passed
directly to the heating coil 40. T this
cass carbon- dioxide which was present in
the efluent, witl pass through the treaber
42 for recovery -and recycling as pre-
vigusly described: - o
 While the foregoing operation has heen
deserihed -+with- reference:to the wae of
‘natural gas asa feed to the proocess, never-
theless. it is contemplated that the syn-
thesis gas may be prepared from any soié-
whle. carbonuaceous material other {han
naturstdl gas. Tor exemple, -it may be
obtained from.coal, ecke, lignite, peat, -
shale and heavy fual oils. -

T4-38 elso confemplated that provision
may be mads for recovering oxygenated
compounds from. the synthesie reaction
produets, - These may he recovered from.
the water phase leaving the separator 20
and may also be extracted-from the hydro-
carbon plhase fowing through the pipe 21
prier - ig ireatment of the by s
with the clay type -catalyst af-elevated
temperatura. - -

It iz also contemplated thet o digsel
vil fimetion may be separated from the
56 synthesis hydrocarbons either prior to of

ollowing - such hish {empersture clay
freatment. - - .
-The freater 42 may rcompriss two
separate cylindrical vesstly in one of
6C wiich the contact cutalyst is used to affect
tha treatment of the hydiocarbon stream
and in the other of which the msed eafa-
lysg 4o regemerated, jim)wsio:q thue being
made for eontinunously . drawing off
6o entalyst from the -wessel in .which $he
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hydrocarbons underpo freatment sond
pasving it to the compenion vessel in
which the aseq catalyst is regenerated,
fullvwing which the-reganersted catalyst
is returmed $u ihe tresting vessel,

It desived, the ireater 42 may be of the
staiionary eatalyst -hed fype wherein the
hydrovazbon sivesm fiows through one
cotalyst vessel for a peried of time and is
then swituhed to another vessel while the
catalyst mass in the off-stream vessel is
regenerated. - - - .

As previously intdicated, the generafor
2 iy of the opex or unpacked type. How-
ever, whew nalure gas is the feed, iy may
cobfwin: a muss of granulur Tefractory
malerial such as alundum, end this
refractory may comprise a catalytic
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agent {for - the - rewckon  between
methane aud - carbom - dioxide or 85
steem  and  ‘which may be desir- -

able i the event-that carbon dioxide is
being recycled in substantial amount to
the gemerator, or steam is bhaing added
thereto. - ) :

The sythetic product treatment step of
the process may employ sny of several
confact agentys, such as acid-treated clays
and, bauxite, synthetie eracking catalysts
apd activated aluprina, The precedure of
Tegénerating spent eatalyst by burning
oft the carhonaceous deposit with oxygen
makes it feasible to utilize this carhun
which lias beea-formed at the sxpense of
guseous  bydrocarbons snfering the pre-180
ecess and which ordinarily when burning
with- air would be-lost in the fdue gases
venbed inte the atmosphere.- Accordingly,
the pracesg-of -the imvention averts such
loss and eontributes- o the-attainment of {0z
a- . high - utilization efficiency for the
gaseous hydrocarhon feed. -Furthermore,
the: absence of a large volume of atno-
spheric nitrogen permits the mixing of
the goses - leaving the conversion and [1g
regeneration zones of the-catalytic treater,

In z-system smbodying the fuidizing
prineiple,-gueh mizing obviaies expensive
satalyst separators, e.g.; -cyclone sepava-
tors und -elestrical precipitatora. 1he ase 113
of oxygen for catalyst repeneration ulso
decreases - the--size of the eguipment,
Marked -scontmies -in impstallation and
maintenrahoe costs are thersfore realized.
- Those skilled in the regenerativn of 1aq
spent enbalysts of the type comtemplated
for the dehydration step npprecizte that
the . combustion- of iﬂe carbonaceous
deposit on the spent particles must bhe
carried out below the fdeactivation tem-
perature of- the -cntalyst scloeted. The
deactivalion temperature, i.e., the point
at-whick thermal injury -or dezetivation
v} $he -catalyst beping, varies with the
catalyst used. - Generally the denekivation 130
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% .
temperatute i;‘i‘.i-li‘i-ﬁ]:ei ﬁcinify_bf ahont 2. X process secording to claim 1, in
1100°-F., bui some caialysts, e.g.; the which said fraction ‘mich o g-a.soi ie

synthetic  silica-alumini type, huve
deactivation temperatures ag high aza
§=bout 1300® F. L any oase, however, the
Tegeneratin - femperaturs should not be
permiifed to-fall below about 800" F. In
Tegenerating spent cadolyst with substan-
tially pure oxygen, cocling coils or tubes

10 muy he used to conirel the temperature
within the desived limits bul préferably,
when. using a fluidized system, thermal
regulation may be effe through the
control of the rates of oxygen infrodue-

15 tion and of ciroulation of catalyst between

the regeneraiing zone and, g heat-ahstract-’

ing zone, e.g., tho-endothermic conver-

sion. one 43 of the drawings ur a coniven-
tional cooler for fnidized catalysts,

While a prefezred form of the inven-
tien and wmodifications thereof . are
desoribed, it is understood that these nro
by way of fllusirabion only and variouns
. chunges may be mads withoot deparing
Y lIrom the scope of the qlaims,

Having now particularly desoribed gnd
-aseertained the nafure of my seid inven-
tion, as communicated to me by my
foreign  corvespondents,  and in what
mauuer the same is to be performed, I
derlars that what T claim fs:—

1. A continvous process for the manu-
fasture of gasoline hydroearbons which
compriges generating a syl:l)ztheam gas mn-
sigfiug essentiully of cathon monexiode
and hydrogen, passing said synthesis gas
in contact with o finidized synthesis cata-
Iyst comprising iron in & synthesis
regction zomne, efiecling said conbact af
elevuted temperaimre and under snpex-
aimospheric pressure such that sarhon
monoxide and hydrogen wndergo substan~
tial conversion inte normally liquid
hydrocarbons with formotion of oxygen—
containing compounds, withdrawing an
clluend strecan of reaclion products
sald synthesis reaclion zoma, separating
from said sfiuent a normally liguid frac-
tion rich in gasoline lhydroscarboms and
containing o substanbial wsmount of
oxygen-containing compounds, subject-
ing said fraction to contaet with a eclid
contact agent of the mineral typs to effect
debydiation in a treating zone in the
65 greﬂem:e of & substantisl amount of carbon
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ioxide at a temperature penerully in the .

range of Y00 to 950° ¥, therehy effecting
conversion of said hydvocarthboms info gaso-
line hydrocarbons of improved antilmock
80 value, removing from the contack treating
gons a produst mixture containing
impreved gesoline hydrocarbons, gaseous

bydrocarhons and gas ineluding carbon

dioxide, and recovering gasoline hydro-
65 oarbons thevefrom, .

hydrocarhoms and conteining oxygen-
csontainiuﬁ wompounds iy separated from
eid withdrawn effluent while stilt under
pressure,

8. A process ascording to claims 1 or
2, in which a} least a purtion of said
effluent containing oxygen-containing
compounds i reoycled to the synbhesis
reacilon zomns. : ' )

4, A process acbording o olaims 1, 2 or
3, in which said gas incduding earbon
dioxids is recovered from the product mix-
ture and revycled to the synthesis reaction
“Zone. e

5.A process aepording to any of claims
1 to 4, which includes a separately
recovering olefing from said prodiet miz-
ture, subjecling the recovered alefins to
polymerization s0 ss to form a polymer
produet containing polymer gaanﬁ?:e and
gaseous hydrocarbons, removing pelymer
gasoline from said product and recyoling
guseous hydrocarbons from said “polymer
product; to s2id gas penerating zone.

6. A process apcording to claim &, in

T0
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which the polymerizglion is effected by

subjecting o gaseous fraction of said pro-
duet mixiure containing olefins to contact
with a polymerization catalyst at elevated
temperature. -
S ToA roaess'a.ccor:llnitu- claim 5 or B,
In which residual light hydrocarbons
trom sald polymerization resetion are 3100
recycled to the gas generating zone.

8. A process agbording to claims 5, 6
or 7, which inuludes firel subjecting said
removed produc mixture o fractionation
to sepavate therefrom a stabilized gosoline (s
Iraetion and o secondary gas fraction con-
taiming ensaburated light bydrocarbons -
ond carbon dioxide; end scparsting light

b

‘hydrnearbons from said secondary frac-

ton, said sepacated Lght hydrocarbons 11g
then being subjected to said polymeriza-
fon step.

9. A proccess. according to of claima
108, 511 which .the sohd coggut agent is
VY Jing o any of oled

. A process according to any of claiin
1 to 8, in which said coni?ac{ agent is
fouled by the deposition of ecarbomacegus
matter m'ingﬁtreatmmt of said fracliom
rick in gasoline hydrocarbons, but is
reactivated by combusiion of zaid car-
bonaceous matber with substantially pure
oxygen o yield combusiion pases consist.
ing essentially of carbon oxides, said com-~
bustion gases -heing mixed with the
¢ffluent stream from snid irestment step.

11, A contivmous process for the manm-
fasture of gasoline hydrocarbons substan-
tielly ag hereinbefors deseribed,

12. Gasoline ~hydrocarbons whensver jg¢
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