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(COMPLETE RPECIFTCATION

Improvements relating to the Production of Hydrocarbon Motor Fael

We, Pracess MaNacEMENT COMPARY,
Ixc., a Corporation organised under the
Twws of ihe State of Delaware, Tnifed
States of America, of 120, Nast 4lsb
Streef, New York City, New Yok,
T uifed States of America, do hereby de-
elare the nature of this invention and in
what manuer the same is io be performed,
to be partienlarly deserihed and ascer-
tained in and by -{he following state-
menti— .

This inveniion relates fo the production
of normally liyuid hydrecarbgns from a
goseous mixture consisting essentially of
curbon menoxide and hyﬁrocren, or {rom
a gaseous siream which can Se conyerted
info o mixture consisting essentially of
curhon monoxide and hydrogen. More
particularly, the invention relates to the
production of mnnrmally Yiguid  hydro-
earhons, including produets in_the motor
Puel boiling range, from normally gaseous
hydruearbons of low molecular weight,
eweh #s meibane and ethane. More par-
tienlarly, the invention relates {o the pro-
duetion of normally Nguid hydrovarbens
from carhon monoxide and hydrogen and
Hie treatment theraof to produce a gasoline
of high anti-knock valua,

The normally liguid hydrecarbons pro-
dured by the reaclion of carhon monovxide
and Lydrogen ovdinarily include substan-
t1al propurlions of hydrocarbons in the
gasaline hoiling range. However. the

5 Praction corresponding to {he gasolive

boiling range reeovered from the synthe-
sis reaction produets is very low in anti-
Inork value and therefore generally un-
suitable as sucl as gasoline motor fuel.
The ircatuient of this material by appli-
eation of clevated conditivns of tempera-
ture uni pressure to improve ifs anti-
Tnork walue Tesults in the production of
lurge guantities of gas and arcompanying
Jow recavery of useful produets. The im.
provement in anti-knock value by this
meuns may not justify the losses invelved
in the process. Thismay be caused by the
relafive absenee of aromatic constituents

[Prive 1f-]

in the vregetion produets of carbon
monexide zud Lydrogen, fhis condition
being also responsikle, in part at least, for
the initial low a,nti-knoci value of the
motor fucl fraction.

The invention contemplates the ireat-
ment of a gaseous siream consisting of
carhon monexide and hydrogen prefer-
ably in the ratio of approximately 1:2 in
the presence of a suitable calalyst under
Iknown econditicns of temperatnre and pres-
gure to eanse the synthesis of hydro-
earbons ineluding normalls lguid hxidro-
earbons, Normalls liguid hydrerarbons
thns produced dre then treated conjointly
willl normsally. gaseons hydrocarbons of
two or more cerbon afoms ner molecule at
o temperature of 750°-—1500° T, to effect
conversion nf Bath to motor fuel of high
anti-knock value.

According to vne modification of the in-
vention a stream of normally gaseous
hydrocarbons consisting chiefly of hydro-
carbons having 8 and 4 egrbon atoms per
molecule iz heated under eonditions of
temperature and pressure lo promote
eracking and conversiom fo hxdrocarbons
of greater moleeular weight ineluding
normally liquid hydrocarbens,

This may he done by subjecling the
guses to conditions of high temperalure
and low pressuve. whereby conversion to
aromatic hydrocarbions ovewrs or by suh-
jecling them to eonditions of high pres-
sure and lower temperature whereby con-
version to uliphatic hydroearbons iz the
predominating reaction, The gaseons
stream so heated iz admixed wiih the re-
action products of the rarhon menoxide-
hydrogen reaction wherely the hot gasesare
conled and the rarbon monoside-hydrogen
reaetion prodnris are heated in admix-
{ure with the hot gases and thair con-
version reaction produets with the result
that the producticu of undesirahkly heavy
products in the conversion reaclion is in-
hibited and the carbon monoxide-hydre-
gen reaction produets are improved in
quality s motor fuel hy conversion re-
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aclions which may include evacking, poly-
merization, dehydrogenation and other re-
actions,

When the gaseous hydrecarbon stream
& is heated under high pressure, crackin
and conversion apparently proceed simul-
taneously, and the carhon monoxide-
hydrogen reaction produets preferahly are
adided near the end of the heating opéra-
tion, although a soaking period mayv be
cinployed thereafler to permit conversion
reaciions to proceed and during this
reriod heat may be applied o maintain
the temperaturs of the mixture above a
desired minimum.

When the gaseous atream is heaied to &
high temperature under low pressure sub-
stantial cracking apparently occurs prior
{0 substantis] conversion ar polymerima
20 tion. In this ease, therefore, it is prefer-
able to add the carbom wmonoxide-hydro-
gen reaction produtls to the heated
gaseous stream prior o suhsfantial ecom:
version whereby the heat developed-hy the
subsequent exothermic conversion “-ze-
actlons promotes conversion of normally
liquid hydrecarbons to motor fuel consti-
tuents of higher snti-knock value gad eon-~
version of gaseous hydrorarbons to nor-
80 ‘mally ligquid products,

The mixture s thereafter fractionated
to separate therelrom gasoline and other
liquids, and the remaining gases are frae-

10

15

a5

tionated to recover a fraction consisting.

86 essentially of C, aud C, hydrocarbons and
the remalning gases which nia;
hydrogen, mefhane, and any ethane and
ethylene nndesited in the fraction for
thermal conversion may be withdrawn for
use in producing tlhe carben monoxide-
bydrogen mixture.

The invention also contemplates,
according to another modification of the
inventien, which may be prelerable be-
cause of its relative simplicity, the sepa-
ration of a gasoline fraction from the re-
action products of carbon monoxide and
hydrogen snd the subjection of the gase-

45

line fraction to a temperature of 750—

1500° P. and elevated pressure in the pre-
sence of a substantial proportion of con-
vertible normally gaseons hydrocarhons
produced in the process, having three and
four carbon atoms per moleeule, hereafter
referred tn as O, and (I, hydrorarbons, to
effect conversion of the normally lignid
and normelly gaseous constituents to
motor fuel of high anii-knock value, The
oasoline fraction and the hormallw
gaseous hydrocarbons may be admixed at
o temperature helow that at which con:
version takes place and the ‘mixture then
heated i6 the reaction temperature, or the
vorrhally gaseous hydrovarbons may be
66 preheated, prior to admistare with the

80

ireatment as deseribed. O,

includa,

gasoline fraction, at the reaclion tempera-
ture. The conditions of temperature and
pressure preferably are sufficiently drastie
to effect eracking of normally liquid con-
sfituents, and the reactions which resuli
in the produciion of high anti-knoek
motor fuel probably are, in addition to
cracking, polymerization of mnormally

70

.gaseous constitvents, dehydrogenation of

paraflinic constitwents, cyelization of ali- TH
phatic vonstiluenls and dehydrogenation
of the resulting products to form eroma-
ties, gllkrlation reactions between gaseons
constituents and between gaseoms and
nermally  liquid  constitnents, ete,,
although the {nvention is not {0 be limited
by such theoretical considerations. The
reaction producis are treated to separate
therefrom a pascline fraction and a nor-
mally gaseons fraction predominafing in
C; and C; hydroearbons which are in part
at least admixed with the normally
Liguid fraction u_ndergoini conversion
: ydroearbens
and lighter products mey be recoversd DO
and coaverted to a ecarbon monoxide-
Hydrogen mixture by suitable ecafalytie

80

85

oxidation,

" Thetarben menoxide-hydrogen mixture
ay be prodeeed in any suitable way, but
in the preferred monner of this Invention
a stream of hydrocarbons, such as mathans
and ethane, 13 catalytically oxidized to

95

.produce a mixiure of earbon monoxide aud

¥drogen in the desired preperéions, The
raw material will consist ordinarily chiefly
of methane because of the relative abun-
dapce of that hydrocarhon in natural gas,
refinery gases resulting from oil cracking
aid in lighter cases resulting from the
thermal polymerization of higher mole-
cular weight hydroearbona, any of all of
which econstitute the preferred raw
material for the process of the presenmt in-
vention, a-lthuuglllj carbon monoxide and 110
hydrogen from any suitable sources may
be emploved.

_The invention contemplates the cataly-
tie oxidution of a was consisting essen-
tially of methane, ¢thane, or ethylene to
produce a mixture of carbon menoxide
and hydrogen. To such & gascous stream
undergoing oxidation may be added tlie
gases from the polymerization or eon.
version reaclion products which are 1n-
suitable for reeyeling io the polyraeriza-
tiom or conversion renctions and any simi-
lar gases cccurring in the reaction pro-
duets of curbon monoxide and hydrogen,
whick may include some uneonverted
carbon monnxide and hydrogen. The
catalytic oxidation products of such =
mivture may centain foo much of one av
the other of the desired components o that
it may he necessary to provide a separats 180
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snures of one or the other for addilion to
the guscouns stream after the catalytic
oxidaliun reaction, For example, the
paszes from the polymerizaiion reaction
may contain cxeess hydrogen whereby the
oxidation reaction products will contain
hydrogen in exeess of the desired propor-
ton, Carben monoxide from a sepurate
source may therefore he added fo adjust
{0 the ration of the essenlial components.

The accompanying drawings eve dia-
grammalie views in elevation of appara-
tus suitable for carrying out the present
invention. The invention will be further

15 described with reference 1o the specifie
cuhudiments illustrated by the drawings
but it is to be understood that the inven-
tiom 15 not limited thereby but is capahle
of other embodiments which may be be-

20 yonr the physical limitations of the appa-
ratus illustzated,

In the drawings, Figure 1 illustrates
the modification of the invention last de-
sciibed above and Figure 2 illusirates the

25 first-mentioned modiication, .

In the preferred embodiment of the in-
vention as illustrated in Figure 1 the car-
hon monvside-hydrogen mixture iy pro-
dneed by the catulytie oxidation of hydro-

80 men gases, particularly methane and C.
Liydrocarhons, it being understoed that
the invention is not limited o the treat-
menl of hydrocarhons produced by the re-
action of a mixturc of carbon monoxide

856 anil hydrogen obtained in any particular
manner, [eferving {o Figure 1, a siream
of maseous hydroearhons predominating

in methane und C, hydroearhons is mire-
duced to +he system through pipe line 1

40 provided with valve 2. A second pipe line
3 provided with velve 4 iz provided for
the introduction of oxygen. Lines 1 sud
3 join to form line 5, and the mixture of
oXygen and hydrocarbon gases snitable to

45 produce the desired mixture of coarbon
monoxide and Lydrogen is produced by
suitable manipulations of valves 2 and 4.
Line 4 connects with u catalytic axidation
slember 6 which may consist of a plur-

50 alily of tubes arranged in purallel he-
tween suilable headers and containing w

mixture of 90 parls nickel oxide and 10
parts of & promoter such as thoris on a
snitable carricr such as fire clay or mag-

55 nesiz. The temperature for maximum
oxidation will vary with the catalyst am-
ployed but ordinarily should be in the
rapge of 900° ta 1500° F. Ordinarily
atmospheric pressure is em]ilo;ved. Tk

&0 oxidation reaction is only slightly exo-
thermic so that it may be necessary to
mainiain the reaction {vmperatare hy a
snitable insulation of the resction cham-
ber. Preferably, however, the cafalyst ix

65 suitably maintained in tubes 8 through

ot

which the reaction mixture is passed to
periuit the passage of heating ovr cooling
fluids as necessary on the outside of the
tubes to maintain the desired reaetion
temperature and to oblain maximum eon- 70
tact of the eatalyst and gaseous mixtures
through the subdivisien of the gaseous
stream in the plurality of lubes 8 of the
oxidation echamber. Preheating uf the
gaseous mixtures entering oxidation YH
chamber 6 as desired may he effected hy
the provisivn of heater 7 in line 5.

The oxidation reaction preducis emerge
from ehamber 6 by meana of line 9 and
may be treated to remove undesirable com- 80
potients sueh es sulphur compounds aund
{o udjust the ratio of carbon monoxide to
hydrogen, by means not shown. The
oxidation reaction produris suliably may
pass through a heat exchanger 10 located 85
in line 9 wherein they pass in indircet con-
tact with a hydrorarbon stream produced
in the system to effeet cooling of the
vxidation reaction products and heating
of the hydrocarbon stream. L& necessary 90
they may be further cocled to the expet
temperature required for the suceeeding
operation by passage throngh cooler 11,
also located in lime 9,

After emerging from cooler 11 the 05
oxidation reaction produets, which con-
wish eszentially of carbon monoxide and
hydregen in the desired ratic, are passed
through a synthesis chamber 12 for the
production of lhydroearbons by the rTe- 100
action of carbon monoxide and hydrogen,

Synthesis -chamber 12 suitably consisis
of a plurality. of {ubes 13 arranged in
paralle]l between suilable headers and
maintained in a fiuid bhath which serves 105
ike purpose of maintaining the proper re-
action femperature. The {ubes 13 are
preferably rectungeler in eross section
with one cross sectionul dimension greatly
in excess of the other whereby a relntively 110
narrow passageway it provided In each.
The tubes 13 are provided with = suitabls
catulyst for the conversion of the earhom
monoxide and hydrogen to hydroenrbons,
For cxample, the eatalyst may consist of 115
metallie coball deposited on o earrier
such as kieselgubr fogether with a pro-
moter such as thoria, The gases should
be maintained &t - a temperature of
approximately 365° o 415° 1, at atmos- 120
plheric pressure for maximum conversion.
The reaction is exothérmic, and the tubes
12 are immersed jn o hath of oil or other
suitable Auid which gerves to remove-the
exothermic heat of reartion. Means not 120
shown are provided te cireulate angd cool
the bath of oil; ete: te mainiain the de-
sired ftemperafure. .

The rats of this-Teaction iy relalively
low whereby it is npeessary to provide a 130
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relatively long time of contact to secure
complele  vonversive  of  lhe cwbon
monoxide and hydrogen, Thiz may be
done by providing a single large cthamber
or, preferably by providiag a plurality of
ehambers with removal of liguids formed
from the siream ufter passuge through
each chamber, For purposes of illustra-

tion the present drawing Tncludes twn-sueh =

chambera, bot it is to be undersiood that
sny suilaeble number may be cmployed

without departing from the method of

. operation illusirated,
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The reaction products from synthesis
cheanber 12 myy be withdrawn therefrom
throngh line 14 which connects with a
fractionator 15. Tn fractionator 15 condi.
tiong of temperature and pressure may he
mainlained to elfect condensation of nor-
mally liguid hydrocarbons and a desired
portion of the narmally gaseous hydro-
carbong, To facilitale fractionation super-
atmospheric pressure way by maintained
in fractionator 1. In this case o com-
pressor 1§ iy provided in line 14 to force
the gases therein into the fractionator 18.
Heuling means such ag a heating eco1l 17
and cooling means such as cooling coi] 18
may be provided in the bottom und iop,
Tespectively, of fractionator 14 to ~effect
the desired separation,

The gases uncondensed in fractionator
15 are withdrawn from the upper porticn
of fracticnator 15 through line 19 pro

vided with control walve 20. Heating:

means 21 is interpused in line 19 fo reise
the gaseous mixture in line 19 to the de-
sired regction temperature, of from about
368° to 415° F. Beyond heating means
2] line 19 conneels with a gcecond syn:
thesis chamber 22 which may be identicul
in congtruetion with synthesis chamber 12
including the same type of catalyet in a

“plurality of tubes so that no defailed de-

scription of this chamber will be given.
Symthesis chambers 12 and 22 represent
ihe first and last of & series of such cham-
hers which may excecd two in number,
the additional chambers being connected
in series between chambers 12 and 22 with
provision for removal of liquid products
affer each chamber in the manmer ilius-
irated in conncetion wilh chamber 12.
The reaction producls ure withdvawn
from chamber 22 through line 28 and von-
sist of any unreacted Lydrogen and. car-
bon wmeoroxide, normally liguid Lydre-
carbons formed in chamber 22, normally
gaseous hydroearbons formed in chamber
22 and normally gescous hydroearboms.
formed in echamber 12 and Dot removed
by condensation in fractionalor 15. Lino

93 eonnects with a fractionator 24, and the.

reaction produets from chamber 22 are in-
troduced therein for separation as desired.

SBuperatmospheric pressure may be e-
ployed in fractionator 24 to facilitate the
desired separntion, and in this case a com-
pressor 26 (s provided in lipe 23 {¢ force
the reaction produncts from line 23 info
fraotionatar 24, Tine 26 provided with a
purmp 27 connects the hottomn of frae-

~{ionalor 15 with an intermediate peint in

fravtionator 24 whereby the liquid frac-

70

tion separated in fractionator 15 is iluire- 75

duced inte fractiomator 24 for further

treptment therein,

In contrest wilh the conditions ohiain-

lng in fractionator 156 Iractionator 24 i

maintained wnder eonditions of tempera-

“{ure and pressure suitable fo effect separa-

tion and collection of & liguid fFraction
consisting of these reaction products boil-
ing ghove the boiling range of the frac-
tion desired for further trestment in the
process iv produce a high enti-knoeek
motar fuel, For example, fractionator 34
may he nperated under conditions svitable
tn effert condensation and separation of
constituents boiling substantially ahove
£00° F., or the fractionator may he cper-
ated o affect the passage overhead of a
gaseous and vaperous mixture meluding
an appreciable propertion of eonstituents
boiling abuve é&i)’ F. In any case, how.
ever, the mixture of vapors and pases
passing overhead from fractionstor 24

“should be limited in {he smounh ™ of
-fnulerial higher Dpiling thun 406° F.
“whereby a normally hquid condensate 100

produced therefrom contfaing nobt more
than » small proportion of constiluents

‘boiling ahove the gasoline hotling range.

"'o effect the desired fractionation of the
reaction products introduced inte frac-

{lonalor 24 through lices 28 and 26, heal-

lng mueans such as heating coll 28 and
ronling means such as cooling eoil 2% may
be provided in the lower and upper por-
tions, respeetively, of fractivmalor 24. The
liguid condensate which eollacts in the
hottom of fractionator 24 may be with-
drawn therefrom and from the system for
further iresimeni elsewhere through line
80 provided with valve 81, :

The vaporous and gaseous fraction pass.
ing overhead from fractionator 24 is with-
drawn therefrom through lne 32 provided
with eontrol valve 33, Line 32 connpeels
with & fracticnator 84 wherein the said
gaseous and vaporous fraction is trented to
eftect the separation and collection thevain
of o normally lignid fraction desired far

Inrither treatment in accordance with the

process of the invention. Qrdinarily {he
liquid fraction condensed in fractionator
84 will include gubstantially all the con-
stituents introdueed therein which are in
ths motor fuel boiling range and may in<
clude normally gaseong hydrocarhons sush
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as €, and C, hydrocarbons in suhstantial
proportions, However, il desired, the
liquid econdensate separated in fraction-
ator 34 may be limited to liguids 3n the

upper portion of the gasoline boiling
range. TFor example, the liquid conden-

sate mavy be limited to exclude substan-
tially all constituents hoiling below 800°
P. Fo effect the desired separafion heai-
ing means snch gs heating eoil 35 and cool-
ing meaus such as cooling coil 86 may be
provided in the hottom and top, respec-
tively, of fractionator 34.

The disposal of the uncondensed irac-
tiva from fraclivoaior 34 will depend
upun the conditions of operalion of Imc-
Honator 34. The uncondensed gases and
any accompanying uncondensed vapors
ure withdrawn f{rom fractionator 84
through line 87 provided with confrol
valve 38. When the conditions of opsra-
tion of fractionater 34 are controlled to
effeel inclugion in the liguid fraction of
gubstantially all convertible normally
raseous hydrocarbons such as G, and €,
%ydruearbons the remaining gases taken
everhead ihrough Mne 37 may be with-
drawn from the system for use elsewhere,
for example, as fuel; or since these gases
consist  essentially of methane and
hydrocarbons and may inelude unreacted
carbon monoxids and hydrogen ull or =
portion thereof may be diverted from line
37 through line 39 provided with valve
1. Line 39 connects with line 5 whereby
the mixiure of hydro-carbon gases and
carbon monoxide and Lydrogen are ad-
mixed with the oxjgen-hydrocarbon mix-
{ure in line § for passage to oxidation
chamber 6. Suitable adjusiment of the
proportiens of bhydrocarbon gases and
oxygen introdnced through lines 1 and 3,
respectively, moy be effected by means of
valves 2 and 4 to maintain the preper ratio
vf oxygen and hydrocarbon gases heing
iniroduced into oxidativn chamber G.

When fractinnator 34 iz operated fo
effect condensation and egollection of a
liquid consieting substantially essentially
of normally lignid Lhydrocarbens, leaving
subslantial pruporticns of C, and .
hydroearhens uncondensed, the gases pass.
ing through Hne 37 may be diverted
wholly or in part through Iine 41 pro-
vided with valve 42, Iiue 41 connects
with a fractionator 43 wherein the gases
ave fractionater to effect separalion of a
condansate . consisting  of couvertible
hydrorarbens such as G; and C; hydro-
carhons fogether with any desired pro-
portion of the C, hiydrucarbons, To effect
the desired fractionation heating mcans
such as heating coil 44 and cooling or
liquefaction means sueh as eonling coll 45
my be provided in the bototm and top,

2

respechively, of {ractionator 43. Gases
uncondensed in fractionator 43 are with-
drawn overhead therefrom through line
46 provided with control valve 47. These
gases may be withdrawn from the sysiem
fop use elsewhere, for example, as fuel; ar
all or o portien theresf may be returned
to the process thyough line 39 as described
above %J}' diversion through line 48 which
iz provided with a valve 49 and connects
lines 46 angd 39. :

When fracticnaior 81 is operaied to
effect condedsativn and collection of a
liguid consisling  substantinjly essentl.
ally of tha relatively high beiling copsti-
tuents of the motor fnel fraction, for
example, those boiling ahove 300° 1., the
yncondeused poriion withdrawn through
line 87 will contaln a substantial propor-
tion of the moter fuel product of the pro-
gess, To provide separate recovery of this
portion u-ip the moetor fuel product o sepa-
rate fractionubor 90 is provided. TFrae-
tiovator 50 is conuected with line 87 by
menus of Hne 51 which is provided with »
valve 62, Line 51 conuects with frae-
tiguator 50 at » middle point lhereof und
with line 41 ai a peiut %elween valve 42
ahd line 87, By closing valve 42 and
opening valve 52 the overhead produmct
from fractionaior 34 passing through lne
41 is divarted to fractionater 50. ln frac-
{ionator & conditions of temperature and
pressure are maintained to effect the sepa-
ration of that portion of the vapors de.
siredd in the motor fuel product. Frac-
tinnator 50 niay be provided with heating
means steh ag heating eoil 33 and cooling
means such as cooling coil 34 in the bot-
tom and top, reipectively, thereof to effect
the desired ‘fractionstion. Gases unron-
densed In fractionator B0 arve withdrawn
therefrom through line 33 provided with
valve 36, - Line 55 couneels with line 41
belween valve 42 und fruclivnslor 43
whereby the Iatier may be used to effect
separation in the manner deseribed ahave
of convertible gaseous hydrocarbons from
the mixture passing through line 33, The
gasoline constituents eolleciad as liquid in
the bottem of fractionator 20 are with-
drawn fherefrom through line 37 pre-
vided with » valve 53,

The liguid meotor fuel fraction col-
lected in the bottom of fractionator 34 is
withdrawn therefrom through line 39 by
nieans of pump 60 located in line 39 for
further (zeniment lu veeordunce with the
process of the dnvenilon. Line 59 includes
heat exchanger 10 whereby the normally
liquid fractien is préheated by heat px-
change with the hot oxidation reaction
produels from chember 4. Yiwe 39 con-
neels with the inlét of a heuting coil #i
located in a furndce 62. Tf desired a heat
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exchanger 63 may be provided in line 59
wherelby the material passing there
through is further preheated by heat ex-
change with the hot reaction pradurts
5 passing from eoil 1. Preferably, coil 61
is arranged in the fuznace with o preheat-
ing section Gle, w radiuni heating section
6156 and a soaking section §le in order tu
provide the desired application of heat tv
10 the material passing therethrough. Tn
accordence with the present invention
noraally gaseous hydroearbons vontainin
2 or more carbon atoms, preferably C, an
C, hydrocarhons containing suhstantial
15 proportions of clefinic constifnents, are
admixed with {he liguid produefs of the
earbon monoxide-hydrogen reaction - be-
fare or during the heat ireatment pro-
vided in coil 61, If desired these gaseous
20 hydrycarbons may be admixed with- the
lignid material passing through line 59
prior to passage through heat exchanger
10. Lor example, they may ba introduced
through line G4 which connectsy line 59
witls a sonrce to be described below. Or
the gaseous hydrocarbops may be intro-
fduced into Tine 59 just previcus to the
pessage of the liquid thydrocarbens
through heut exchunger 63. For example,
the gaseous hydrocarbons may be inlre-
duced to line 59 through line 66 which
conpecis line 59 with a source to be de-
seribed below,
Tf desired the gasecus hydrocarhons may

25

a

3
5 with the normally liguid hydrocarbons in
line 59. TFor example, gaseous. hydro-
carbony gy e Inlroduved by weans of
line 68 to the inlet of a separate heating
cot] 67 located in = convection section of
furnace 62, The preheated normally
gaseous bydrocarbons emerge from the
ouilet of vell 67 through liue 68 whick con-
nects with line 59 near the inlei of voil
45 61. 1f desired, all or a portion of the pre-
heafed gaseonts hydrocarhons from. Jine 68
may be diverted {hrough line 69 which
connects line 68 with heating coil 61 al a
point hetween preheater section 6la and
radiant heating section 616 Valves 7
and 71 may be provided in line 68 and 69,
respeclively, to afford the desized distri-
bution of the preheaied gaseous hydro-
earhony to line 59 or through line 9. Ta
the passage of the mizture of normally
liguid wnd normolly gaseouy Lydracerbons
through sections 6{3} and 6l¢ of coil 61
they are heated to 2 temperature of 750—
1500° I, gufficient to effect sonversion of
80 the gases to gascline motor fuel consti-

tuents of hig*:fl anti-knoek valuc and con-

version of normally liguld Lydrocarbons

to motor fuel constituents of Improved

anti-knock value, They may be heated to
66 u temperatnre of 9507 to 1200° T., for

40

50

bb

he separately preheated before admixture

lower porlion of separator 75.

example 1050° F., at a pressure of 400 to
3000 pounds per sqnare 1mnch, for axample
1000 pounds per square inch, for a time
suflicient to effecl the desired conversion.

The oullet of the soaking seefion Gle
which cunstitules the cutlet of coil 61 con-
nects to line 72 through which the con-
version reaction preducts from eoil 61 are
withdrawn. TLine 72 includes heat ex-
changer 63 whercby the hot reaction pro-
ducts are parlially covled by heal ex-
change with the fresh fead passing

through line 59. Partially cooled re-
- artion products 1.‘l:l.a|f¥l

be further cooled by
sssage lhrough heal exchanger 73
orated in line 72 and also, if necessary,
by further means such as cooler 74 also
located in line 72, It is to be under-
gtood, however, that the specific means of

. coolinp the hot reaction producis shown

are merely for purposes of illustration,
and other means such ay the injection of
cooling liquids directly into line 72 may
be employed., ILine 72 conmects witk an
evaporator 76 whieh may be operated at
the game pressura as maeinteined in codl
61 or at a redured pressure, control valve
76 belng provided in line 72 to effect any
desired reduaetion,

1w separator 75 the reaction produets
are separated inde a heavy condensale and
unvondensed vapors and gases. The pre-
liminary cooling of the reaction products
and the operation of separator 75 are con-
trolled to effecl condensation and sepura-
tion of relatively hkigh-bolling ligmids.
For example, the material collected in
separator 7h may have an initial heiling
npoint of 600° to 650° . To assist in the

~ desired separation heating means sueh as.

& heating coil 77 may be provided in the
Suitahle
baflle means may be provided in the upper
portion of separator 75 to remove lignids
entrained in the uncondensed vapors and
gases, The condensate collected in the
Tottom of separator 76 is withdrawn
therefrom through line 78 which is pro-
vided with eonfrel wvalve 79. TFhis
material may be used elsewhere, fur
example, as fuel.

Vupors and gases uncondensed in sepa-~
rator 75 are withdrawn therefrom throngh
line 80 which may be provided with con-
trol valve 81. Iane 80 connects with a
fraclicnylor 82 wherein the mixture of
guses and vapors is freated to effect separa-
tion therefrom of normally liguid vons(-
tuents higher boiling than the desired
motor fuel product and undesired for in-
clugion therein, This liquid condensate
collects in the hottom of fractionator 82
and ip withdrawn therefrom through line
83 provided with & walve 84. This
material may be subjected lo further
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treatmen} elsewhers as desired, For
example, it may be subjected to elevated
conditions of temperature and pressure o
couveri it to gasoline motor fuel, Heat-
§ ing means such a3 heating coil 85 may be
pravided in the lower porlion of frae-
tionater 82 to assist in Jcl-i:u:.- desired frae.
tionation. Also cooling means such as the
introduction of reflux materia] im the
10 upper portion of {ractionator 82 through
Iine 86 may be provided. A

The vapers and liquids uncondensed in
fractionator 82 are withdrawn therefrom
through line 87 which is provided with

16 control valve 88. Line 87 contains a
cooler 89 and connects with o collector
90. In ecoler 89 the gases and vapors are
cooled 1o cffect liquefaciion of constiluents
desired fur inclusion in the moter fuel
produet of the process. In collector 30
separation of lqwide and unecondenzad
material 35 effeeted, the latier being with-
drawn throngh line 91 provided with con-
trgl valve 92 and the liguids being with-
85 drawn through line 93 provided with eon-
trol valve 84, A portion nf the liguids in
line 98 may he diveried thercfrom for te-
furn as reflux to fructonator 82 through
line 86 which connecis with line 93 and Is
80 provided with a pump 95.

The guses separated in collector 90 and
withdrawn therefrom through line 91
ordinarily consist of normally gaseous
constitucnts including €, and lighter

85 hyidrocarbons as well as some C: hydro-
carbons. 'These gases preferably are
treated to effect separotion therefrom of
convertible constifuents for further treat-
men! in accordance with the process of
the invention. For esample, all or 2 por-
tion thereof may be diverted from line 01
through line 95 provided with valve 96;
or all or a portion thereof may be diverted
from line 91 (hrough line 97 provided with
45 a valve 98. Line 97 connects with line
5 whereby the gaseous hydroearbons pass-
ing thers through arc admixed wijih
the oxymen-hydroearbon stream passing
through ling 6 to oxidation reaction
chamber 6. Suitable adjustment of the
proportions of hydrocarban gases and
oxygen introduced through lines 1 and 8,
respectively, may be effected by means of
valves @ and 4 to maintain the proper
55 ratio desired in the oxidation reactunts.
Tine 95 conmects with the mid-peint of
a fruciionator 99 wherein temperature and
pressure conditions are mainlained to
effect separation of a condensate cumsisi-
ing of convertible normally gaseous hydro-
earbons such as C: and C, Ii:lyth'u:nc-.a,:ﬂ:lcmrs.
If necessary a compressor 100 may he pro-
vided i Trne 95 to trunsfer the gases
{hrough line 95 into fractionator 84, Tu
65 fractionutor Y0 fracticnation v ellected by

40

50

60

means of any suitable heating means such

a3 heating ¢oil 101 provided in the lower
portien of fractionator 99 and cooling
weans such as cooling coil 102 provided in

the wpper portion thereof. The uncon- 70
densed gmses, which consist of methane,
hydrogen apd any C. hydrocarbons un-
desired in the condensate in fractionator

99 are withdrawn therefrom through line

108 provided with control valve 104, These 75
gages may be withdrawn from the system
for use slsewhere, for example, as fuel; or
all or a portion thereef moy be diverfed
from linc 103 throngh line 105 provided
with valve 106. Tine 105 conncets line
108 wiih linc 97 whereby the uncondensed
gases froin fractionator B9 may be pussed
to admixfure with the oxidation reavtanis
in line & as described above,

The condensate which colleets in the
botiom of fractionator 99 will ponsist for
the most part of nermally gasecus con-
vertible hydrocarbons such as ¢y and G
hydrocarhons end will include substantial
proportions of olefing formed as a result of
the reactions cccurring in coil 61, This
muterial iz withdrawn from fractionnter
99 through line 3107 provided with control
valve 108, Line 66 which couneets with
the inlet of coil 67 and includes heat ex-
changer 78 connects at its other end with
line 1047 hetwaen fractionator 99 and valve
108. Line 66 is provided with a control
valve 109 and & pump 118 whereby, by
mapipulation of valves 108 and 109, any 100
desired proportion of the condensate from
fractionator 99 may be diverfed through
line 68 for passage through heut ex-
changer 78 and coil 67 as described above.

Line 64, whick connects with line 5%,
connects ot its other eud with line 107
between valve 108 and fractionator 99,
Tine 64 is:provided with a contral valve
111 whereby all or o portion of the con-
dengate from fraciionutor 99 may be ad- 130
mixed with the .condensate from frae-
tionator 34, as described ahove.

The condensate from fractionator 99
withdrawn thepefrom thromgh line 107,
and nndesired for passage thrangh Jina G4 115
opr line 66 may be withdruwn from the
system for use ¢lsewhere, for esample, as
fresh feed to o thermal ov catalytic poly-
merization process, This matemal is par-
tiewlavly useful for such a process or for 120
provesses involving alkylation reactions
sines it includes substantial proportions of
olefining constituents. The decomposition
of normally liguid paraifinic hydrocarhons
ineidental to the {reatment of such
materie]l in eeil £1 promotes the decom-
spsition of normally maseous parsdinic
fxydmcarbons admixed therewith whereby
the wvesulting reaction products confain
snhstaniial  proportious of  normally 130
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gaseous vlefinic hydrocarbons. This pro-
motion effect of the normally liguid hydre-
carbons on normally gaseons paraffing may

be utilize] fuvther by the addition to coil.

81 thrangh line 127 of paraffinic normally
gaseous hydrovurbons sueh as propane
from an extraneous source to cffeef decom.
position thereof.

Line 98 connects with a stabilizer 112 at
a plurality of points, Stabilizer 112 is
provided with Leating means in the lower
portion thereof such as heating coil 118
end vooling means in the upper portion
thereot smeh as cooling coil 114 to effect

“fractination of the motor fuel product

introduced through line 93 and produce =
motor fuel containing the desived propor-
tion of Tight ends snd normally. maseons
consfituents. The stabilizel gasoline

collected in the bottom thercol is wilh-
deawn  through line 115 provided with

valve 116 and way be withdrawn to stor-

age. Tf desired, this wmalerial mav he.

hlended with the moior fual praduct with-
drawn from fractionator 50 through line

97 by means of line 117 which Is provided.

with a snitable control valve 118 and con-
nects lne 115 aud line 57,

The operation of stahilizer 112 will de-
pend upon the results desired wud upoa
the operstion of other parts of the pro-
cers,  Ordinarily, 1t wih be operated to
effert the production of a stabilized motor
fuel including the desired proportion of
normally pasenits constituents. However,
it may he desired fo include in the gases
passing overhead all normally gaseaus
canstituents and even a portion of the
lower Loilivg normally liguid eonstitvents
of the motor fuel produet. 'This latter
method i3 particularly advantegeous when
the liquid fed to heating coil 81 includes
only the heavier portion of the liguid son-
stituents of {he vapors treated in frac-

tiongtor 84 and where it is desired to
blend the liquid condensate from stabi..

lizer 112 with the condensate from frac-

tiongtor 30, which laiter condensate will

ardinurily mainiain an excessive propor-
ton of light ends. .

It may alse be advantageous 1o intro-
duce intn stabilizer 112 gl or a portion of
the condensate from fraclionator 5 to
effact the production therein of a stahi-

lized motor fuel. TFor example, line 119

provided with valve 120 may be provided
to connect line 57 with stabilizer 119 at
an intermediate poinf thereof,

The mixture of gases or pases aund
vapors preduced in stabilizer 112 is with-
drawn from the upper portion thereof
through Hine 121 which is provided with a
compressor 1228, Tine 121 conunerts with
Hue i wherebhy the gases with accompany-

ing vapors may be preheated in coil 87

and iatreduced inte coil 61 as deseribed
above; or all or 4 portion ol the gases and
any Aotompanying  vVapours  pussiag
throwgh line 121 muy be diveried ihere-
from through line 85 which connects line
121 with line £9 as described above where.
by tha gases so diverted arc admixcd with
the liguids passing through line &9,
Valves 182 and 123 are provided in lines
121 and 63, respectively, to provide the
desired distribution to lines G and 59.
The mnormally gaseous hydrocarbons
separated as e condensaie in fractionatnr
43 may be employed in the process in
addition to those prodnced in {ractionator
99 or stahiliser 112. For example, fhe
condensate from fractivnator 48 may ba
withdrawn therefrom thromgh line 123
provided with valve 124, Line 123 con-
nects with line 66 bhetween pump 110 and
valve 109 whereby the novmully gaseous
hydrocarbons from fractionalor 48 may be
passed through line 66 and coil 67 as de-
scribed above. It desired 1l or & portion
of the normally gaseous hydrocarbons
may be diverted from line 128 through
ling 125 which is provided with o valve

. 126 and conpects with line 59 Detween

pump 60 and fractionater 34 whereby
normally gaseous hydrocerbons so diverted
gre admized witk the condensate with-
drawn from fractionator 34 for passage
through line 59 to eoil 61,

It 13 to be understood that the various
fractionators 15, 24, 34, 43, 50, 82, 09 and
112 are provided with suitable gas and
liguid vontact means such as hubble trays
to assist in the desired fractionation. Ti
13 to be understood, furthermore, that ihe
functions of the fractionators illustiated
may be carried out in u lesser number of
fractionators with the provision of suit-
able trap-out trays for withdrawal of side
sizeams. However, for simplificaiion in
presenting the subjeet matter the present
arrangement iz adopted for purposes of

- illastretion.

- Referring to Figure 2, a gascous slresin
whick consists essentially of carbon mon-
oxide and methanc and may inelnde
ethane and ethylene i iulroduced to the

“syatem through line 201 and passes to a

catalytie oxidution chamber 202 which.is
provided with & heater 208 for maintain-
ing the pruper temperature conditigus for
the oxidation reaction, )

The oxidation reaction products emerge
from the oxidation chamber 202 by means
of line 203' and may be freated fo adjust
the ratio of carbon menoxide {0 hydrogen
and to remove undesirable componenis
such as snlphnr compounds. The nxidation
reaction produets “may suitably pass
through heat exchanger 205 wherein.they
are cooled after which they may be passed
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through a enoler 206 whersby the sxact
temperaturs required for the gsuccceding
operation is obtained. From the cooler
2U6 the oxidation reaction products are
passed through a synthesis chamber 207
which suitably consists of a plurality of
fubes 208,

Tha reaclion preducls from syntheais
chamber 207 may be withdrawn from
chamber 207 through line 209 and will
contain wneenverted carhon monexide and
hydrogen and hydrocarbons including
normally liguid hydreearbons, This mix-
{ure iz wuitubly passed to u cooler 210
wlerein it is rocled to a temperature vufli-
cient to econdense the normally liguid
Tytroearhons and any desived portion of
the normally gaseous hydrocarhons suit-
ahle for polymerizetion such as hydre-
varbong having & and 4 carbon eloms per
moleenle, The thug eonled reaction pro-
ducts are passed through line 211 to a
fractionalor 212 wherein the liguid eon-
stituents are collected in the bottom of the
fractionator, and the constituents which
it is desired to maintain in the gaseous
form pass overhead. To facilitaie frae.
{{onuiton superalmospherie pressuve may
be maintained in fractionator 212, n
this case o compressor 208a may be.pro-
vided in line 211 to force the gases therein
into the fractionator 212. For example,
conditjons of temperature and pressure
may be maintained in the fractionator 212
whereby only the normally liguid hydro-
carbons are condensed or whersby & por-
Hon of the heavier normally gaseous
Lydrocarbons such as thase having § and
4 earbon atows per molecule are condensed
together with the normally liguid hydro-
carbons. The uncondensed gases pass over-
Lead from fractionator 212 through Iline
213 and a cooler 214 wherein they may
be coolsd to condense a portion fhereaf
atter which ke siream passes fo a
separator 218 in which liguefied comph-
nents ave separated and returned fo the
fraclionaior 212 us reflux through line 218
by smeans of pump 217, The wneondensed
gsea pass overheud from the separator
215 throneh Hne 218 and a Leal-exchanger
or heater 219 which 1z provided with o
soures of heat which suitably may be a
steam coil 220,

Trom the heat exchanger 218 the gases
are passed at the desired temperature
through Iline 221 to synthesis chamber 332
whicl may be identieal with synthesis
chamber 07. TIn synthesis chamber 222
smbstartially all the carbon monowide and
hydrogen remaining in the gaseous stream
is converted to hydrovarbons. The Te-
action produsts may be withdrawn from
chamber 222 through line 223,

Reaetion products passing from cham-

ber 222 through line 228 may be suitably
cooled in eooler 224 and passed through
line 225 to fractiovator 226 wherein a
separation of liquid and gases is obiained.
If superatmospheric pressure iz main.
tained in fractiopuior 226 a compressor
2232 may be provided in line 225. For
example, ronditiony of temperaturs and
pressire may be maintained in  frae-
tonator 226 whereby the normally liquid
hydrocarbons, and the normally gaseous
hydrecarbons suitable for thermal poly-
merization sueh ag thoss having 3 and 4
carbon atoms per molecule, are eondensed
and collected in the bottom of the frae.
tionator, The uncondensed gases pars
overheud from fruclivnaior 226 through
line 227 and cooler 228 wherein partial
condensation occurs. The cnoled gases are
then passed to separetor 229 wherein
oveurs separation of liquefied constitucnts
whieh are collacted and returned as reflux
to the fractionater 226 through line 230
by means of pump 231.  Tncondensed
pases pass overlead from the separator
220 thrvugh line 232,

Heating means 283 are provided in the
hottoms of the fractionators 212 and 228
to maintain Fhe liguids collerted thevein
al the temperattire necessery o prevent
the inelusion of undesired constitnents.
The Tiguids collected in fractionators 212
and 226 are withdrawn therefrom through
lines 234 amnd 235, respectively, and pasa
through line 236 {o adwmixtore with

nscous hydrocerbons which have been
Eeute& unger conditivns of {emperature
and pressure to cause crackinmg and con-
version thereof to hydrocarbons of greater
molecular weight.

Simultaneously with the gynihesis of
hydrocarbons from earbor monovxide and
hydregen in the. synthesis chamhbers 207
and 292, as desoribed above, a stream of
normally gaseous hydrocarhons, compris-
ing ceseniially those having 3 and 4 eatbon
atoms per molecule but including also, if
deairetf those having 2 atoms per mole-
aula, is passed through line 247 to thermal
conversion means. These hydroearbons
may comaist ¢ntirely of those produced in
the systom or may include hydrocarbons
added tn the system, through line 238, By
megns of pump 239 this sfream of hydroe-
carbons 15 passed threugh lieug exchu;u_gera
240 and 205 wherein it passes in indirect
contuct with healed reaction producis and
serves o cool the reaction produets while
heing ifsalf snitably preheated, The pre-
heated gases .are then introduced 4o o
heater 241 wherein they are heated under
suitable pressure and {o p suilable tem-
perature to canse cracking of paraffing and
to promote conversion to hydrocarhons of
greater molesular weight.
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The gases mny be heated under high
pressure to promote the cracking of
paraffins and the conversion of a portion of
the gases to hydrocarbens of greater
"5 molecular weight, Tnder sueh conditions

thie operalion of the heater 241 is regu-

Iated wherehy the gases veceive substan-
- tially all the heating required to promote
conversion within the heater. The heaied
gaves are then mised with ike reaction

products from the svnthesis ef carbon .

monoxide aud hydrogen which are intro-

duced to the gases whieh emerge from the .

heater through line 242 by means of line
5
if neeessary, lo overrome the pressure
malotained m line 242,  The resulting
mixtyre iy passed through line 243 io a
reaction chiamber 244 wherein intimate
contact of the comstittients of the mix{ure
iz provided wilh resuliing conversion of
the wormally Hquid hydroearbone pro-
duced by the synthesis of carbon monoxide
and hydrogen, and conversion of normally
25 gaseous paralins and olefing logether with
cooling of the hot gases to inkibit the pro-
duection of undesired heavy produets,
“Fhe reaction chamher 244 mayv he dis
wnted with and the esrhon menexide-
a0 111}'61-0{_{811 reaction products admixed with
the hol geses within the beater 241 in g poc-
tion of the coll located within a enoler part
of the heater, Tf necessary, heat may he

%0

applied externally to the reaetion -cham-

"85 ber 244 fo maintain the temperature of
the wmixture therein
minimunin, .

Tnder the conditisns of operation. just
menticued swbove the heater 241 may. be

40 operated to provide a temperaiure of 750°

tn 1100° F_ in the hot gases leaving the
heater under a pressure of 7A0 1o 3040
pounds per square inch. The heater 241
may be uperated under different conditions
"4 to produve conversion products having
different charvacteristics. For example,
the heater 241 may be operated at a hipher
temperature, for example, 1200° to 1500°
T, and at lower pressure, for example, 0 to
"80 200 pounds per square inch to produce
conversion producis in whieh aromatic
comstituents predominate, Under these
conditions of operation the heater 241 may
be “operated whereby the gases emerge
from heater 241 through line 242 hefore
substantial conversion, such aspolymeriza-
fion of olefins. occurs. The heated gaseous
hydracarbons from such high-temperature,
low-prediure operation are then. mixad
with the products from the_ synthesis of
carbon monoxide and hydrogen in cham-

55

"80

bers 207 aad 222 pessing through line 236
which is provided with a pump 202, The

.. Tesulting mixture is passed through line
£i5 243 to a reaction chamber 244 wherein the

236 whieh is provided with a pump 292,

] - ber 244 through line 245 whick, if neces-
ahove a desired .

excthermic heat of conversion maintaing
the mixture at temperatures between 750°
F. and 1500° F. sufficiently high to effect
conversion of liguid preducts of the earhon
monoxide-hydrogen reaction fo motor fuel
constituents of improved anti-knock value
und the conversion of normally geseuds

“hydrocarhon products of {he carbon mon-
-oxide-hydrogen reaction
- biguid products.

to normally
B 75
Le use of a reaction chamber, such as
chamber 244, is not essential, if # g de~
sired that the conversion reaclion tukes
place in a partion of the ¢oil of the heatad
241 located in 2 cooler part of the heater:
In that ¢ase the relatively eool material
possing through line 236 is introduced in
the furnace fnto the coil at an intermediate
point wherehy the combined streams there.
after pass through a cooler part of the
henter, 1f desired, the carhon monoxide-
hydrogen reaction products mey be pre-
heated in heater 236¢ loented In line 256
prior te admixture with the hot rases from
heater 241 Ly heat exchange, for example,
with liot gases nr Bgquids from anofher
part of the system.

The reaction preducts, inclyding fized
gases, relutively heavy normally gaseons
hydrocerbons, and normally liquid hydro-
carbons resulting from the synthesis of
carbon monoxide and hydrogen and fhe

85

2

13

-conversion of normaily gaseous hydro-

earbons, emerge from the reaction cham- |
10
sary, Is provided with a pressure relguse
valve 246 whereby the pressure on the

_reaction products is reduced to the desired

degree, To reduce the femperature of
the reacticn produets to inhibil farfher 10

- regetion and prevent the formation of on-

desired heavy products, cooling Tgmid,
such as gus oil, may be introdmeed into
the reaelion produets before any reduction
in pressure, for examnple, through line
247.  After any reduction in pressure fhe
reaction products pass through the heat
exchanger 240 in indirect contaet with the
fresh feed for the Leater 241 wherehy the
temperature of the reaction preducts iz 11!
further reduced. The reaction products
ure then passed thromgh o cooler 248 to
effect a further reduction in temperature
and are then intreduced info a third frac-
tionator 249, If the pases are maintained
uonder Jow pressurc in the heater 241 g
compressor 24ha may be provided in liue
245 to force the gases inle the fractionator
248 iu_erase it is desived to maintsin ihe
fractionator 249 und suceeeding fraction:
afors under superatmospherie pressure to
facilitate-fractionation, Inthe fractionalor

1l

120

1o

. 249 couditions of temperatnve and pres-

sure are maintaived (o liquefy constifuents
heavier'than those in the guspline boiling 130



518,674

11

rangs and permit the passage overhemd

as a gaseous gnd [or vaporous stream of

the hydrocarbons in the gasoline boiling

range aund those which are normally
B maseous together with any fixed gases. The
beaviest oils condensed in the {ractionator
249 colleci in the botiom thereoi and arce
withdrawn, from tha sysism through line
258. A side stream consisting of clean
eas oi] may be ecollected in a trap-out tray
251 lecated above tha point of introdue-
tiou of the reaction products in line 244.
A portion of all of the gayg oil in {ke trap-
ont tray 261 may be withdrawn throug
13 Tline 252 by means of a pump 253 aud
passed through line 247 to admixture with
the hol reaction products, Alse a portion
of the gas oil from the trap-oui tray 251
may be passed throngh lineg 262 and 254
to admixture with the hot gases from the
Legter 241 and the material from line 234,
Tt desired, 2 portion of the gas vil eollected
hy the trap-out iray 201 wmay be with-
draswn from the system through line 255,

The overhead gases in fractionafer 249
pass from the fractionafor fthroupgh line
250 and are further cooled by passage
through a cooler 257 whereby a porlion
thereof is liguefied. The cooled gases

wss from the cooler 257 to a separator
958 whervein liguefied constitnents are
collected and are veturned to the frae-
tionator 249 as reflux throwgh line 259
by means of a pump 260. The uncondensed
88 hydrocarbons  coneisting of gasoline,
lighter hydrorarbons, and fized gases pass
overhead from the seporator 258 through
line 2681 and a cooler 262 whepein they are
further cooled a2z a prelipinary fo their
introduction io a fourth fractionator 263.
In fractionator 263 conditions of tempera-
iure yrd pressure arc maintained to sdecom-
plish the eccndensation of the hydro-
oarbons in the gascline boiling range and
te produce s stabilized gaseline which
collects in the hottom of the fraclicnator
268 and is withdrawn from the system
through lina 264. The uncondenserd gases,
which, consist of normally gaseons hydro.
carbons and hydrogen, pass overhead from
the fraciionalor 263 through line 265 and
i cooler 266 to accowplish {he condensa-
{ion of o poriion theref. The couled gascs
are passeld from cooler 266 to a separator
5 987  wherein liquefied eomstituents are
collected and returned to the fractionafor
263 as refux through line 268 by means
of g pump 269.

The nncondensed gases from {he
separator 267, consisting of normally
gasenus hydrovarbons and hydrogen, pass
overhead throungh line 270 and o cooler
971 te o ffth fractionator 272

In fragtionator 272 conditions of tem-
65 paraturé uad pressure are maintained te
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accomiplish the condensation of the nor-
mally gescous hydrocarbons desired for
passege fo the conversion heater 241.
These ordinarily inelude the (I and (J,
hydeocurbous together with any desired
proportion of C. hydrocarbons. The con-
densate collects in the hottom of the frac.
tionator 272 and is withdrawn through liue
273 and passed through line 237 to the
heater 241 after admixture with any fresh 7
feed Infroduced to the system through
Line 238, . - -

The syntheris of hydrocarbons from
carhon monoside and hydrogen may he
controlled in the ratic of carbon monoxide
to Lydrogen io produce reaction products
mainly puraffinle in nalare or to produce
reaction products conlaining a substen-
tial proportion of olefins. When fhe re-
aotion produets are. low in olefinie content
it i preferable to operate the fractionators
212 and 228 under conditivns of tempera-
ture and pressure whereby normally
lignid produets are condensed therein and
enilected for passage throupgh line 286 as
a, cooling mccjiium for the hot gases from
the heater 241 anid whereby normally
gaseous hydrocarbons fogether with un-
cemverted carben monnxide and hydrogen
pass overhead from fractionators 212 and D6
226 through lines 218 and 232, respec-
tively.

FWhen the reaction producls of the syn-
thesis of carbor monoxide and hydrogen
are relmively rieh in olefins it may he de-
sired to condense all or o portion of the
normally gaseous hydrovarbons, such as
the ¢4 and-(, hydrocarbens, together with
the normally liguid reaction producils lix
the fractionators 212 and 226 for passage
through line 230 o admixture with the
hot gases. from the heater 241 wherehy the
aormally gasecus-olefing may be subjected
to conditions promoling lheir conversion
to products of higher molecular weight,

When the relatively heavy normally
gaseous hydreocarbons, such as (; and C,
hivdrocarbons, in the reaction products of
{le synilesis of earben monoxide and
hydrogen are eondensed in fractionators
212 and 220 along with the normally
jiquid eonstituents the gnses passing over-
head from the secand fracticnator 224
through line 232 will consist of wneon-
verled carbon monoxide and hydrogen,
mefhane and any C, hydroearbons wun-
degirad for passaga to a(?mixt-ure ‘with the
hat gases from heater 241, These gases
may be passed throngh lines 274 and 275
to admixture with. the fresh feed heing 195
introduced.to the syytem through line 201,

T? desired these gases may be passed
ingtead through line 276 by means of
comipressor, 277 to admixfure with the
overbead gases from the fractionator 272 180

70

-
L]

80

90

100

105

110

115

120



Iz

h13.674

which pass therefrom by means of line
278. The overhead guses {from frac-
tionator 272 tugether with any gases con-
ducted through line 276 pass throuvgh a
8 cooler 273 wherein heavy constitnents un-
desired in the reeyele guses to the oxida-
tion chamber 202, or constituents desired
in the recyele stream fo the Leater 241,
are condensed., The cooled gases pass
10 from the cecler 279 to separator 280 where-
in the liquefied constituenis are separated
and returned do the fruetionater 272 us
reflux through Jine 281 by means of pump
282. The uncondense
separator 280 pass nverhead throngh:line
283 and arc reeveled to admixiure with
the fresh feed possing fo oxidation cham-

15

ber 202 through line 275, as deseribed

abova. Tf desired, all or n portion thereof
20 may be diverted from the system through

line 292.

* Alernatively,

through Tine 276 may he passed threngh
lines 284 and 285 tn admixture witk the
overhead gases from the separater 267
after which the mixture is vassed through
cooler 271 and into the fractionator 272,
ag deseribed ahove, ]

Il the gases passing overhead from the
separalor 229 {hrough line 2376 contain
any gasoline constituents which It is de-
sired to retain in tha gascline fraction
they may be passed thromgh lines 254,
286 and 287 {o admixture with the gases
passing  overhead from the fractionator

25

30

35

263 through line 205 afler wliclh  {hoy.

asg through the cooler 268 wherein guso-
ine constituents are condensed, ag-. de-
geribed ghove, -

I1f the dfractionators 212 and 226 are
aperated fo permit ihe passage overhead
from separators 216 and 229 of the nox-
mally gaseons hydrocarbons such as: G,
and (, hrdrocarbons all the overhead
gases Irom separator 229 will be passed
througl line 276 and be dispesed of by

40

45

admixing them with {he vverhead gnses .

from fractiomators 263 or 272 or sepuralor
267, as deseribed shove, whereby the rela-
tively heavy normally pasecus hlzdrn-
carbons, such as C. and C, hydrocarbons,
will be collected in fractionefors 272 and
ermbined with the recycle sirenm passing
BB throngh linc 273.

It may be desired to pass only the
Leevier Jiquid conetituents of the reaction
vroducls from the synthesis of carbon
monoxide and hydrogen to admixture

60 with the hot gases from the heater 241.
For ¢xample, the veartion products may
be fractionated to include as the lightest
epmponcent of the liquid [raction only the
Leavy ends of the naphiha fraction,; per-

65 mitting the lighkier ends of the naphiha

50

gases from the.”

ull or a porlion of the
gases pasging from the separator 220 :

fraction 1o pass overhead with the nor-
mally gaseous Dhydrocarbons. Tf 1t is
desired that these light ends should not

b further converted the overhead goses
from the separator 229 may be passed 70
through lines 232, 276, 294 and 236 fo
combine +with the overhead gases from
fractionator 2638 whereby the gasoline
constitueniz will be ccmﬂ%nsed in cooler
268 and collected for return as refiux to 75
fractionator 283 in separetor 267. To
provide maximum recovery of amy such
gasoline eonstituenis it may be desired to
provide means such ag a ling 288 for pass-

g these overhead gases including gase- S0
line ronstituents to admixzbure will the
overhead guses from the separator 268
whereby they pass throngh eooler 262 and
line 281 directly fn fractinnator 263.

Tt may he desired to use only a porbion 85
or o gelected portion of the reaction pro-
duets of ike synilesls of carbon menoxide
and Irydrogen for admixture with the hot
gases from the heater 241, If only & por-
tion is meed the undesired portion may
he withdrawn [rom (ke system from line
236 through line 289, TIf if is desired fo
uase only a selected portion all of the said
reaction products may be withdrawn
through line 289 from line 286 and passed 95
to suitable fruclonating means (not
shown) after which the fraction desired
for admixture with the hot gases may be
Iées)ibltroduved to the system %]n'ough ine
. The fractionator 212 may be operated fo
recover any proporilon of the (, and
lighter hydrocarbong and any light ends
of the liquid fraction separaicd From
hydrogen and carbon monoxide and the 10f
heavier liquids as in a side stream, and
means may be provided to eollect and eon-
duct such side siream to either frae-
tionator 268 or 272, as desired, to inercase
the eomcentration of hydrogen and curbom 110
monoxide in gynthesiz chamber 222,

Heating means 291 may be provided in
the butlems of fractionators 249, 263 and
272 to maintain the desired temperature
of the condensate collecied ther¢in and 11h
prevent the inelusion of undesired con-
stitnents.

The {raciionators 212, 225, 249, 263
and 272 are provided with suifable trays
or other fractionating equipment to facili- 120
tote the stripping, concéensation, ahsorp-
tion und evaporation stepa ineident fo
fractionation,

It is to bhe understood that the funetions
of fractionators 249, 263 and 272 may be 125
assigned to o single fraetivnalor having a
unifary struclure provided with suitahls
means for withdrawing side streams,
‘However, a plurality of fractionators is
used here to simplify preseniation of the 180

90

100
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snbjeet maiter of the invention.
laving now particularly described and
asvertyined the nature of our said inven-
fion and in what manner the same ia to
be perfarmed, wa declare that we are gware
that in Patent Specification Ne, 408,826
there iz described snd cloimed a method
of treaiing Lydrucarbon materials which
ars normally gaseous whick consists in
i0 passing the materials {hrough a heated
zone in which they ave heated to cracking
temperature and arve converted to a
limited degrce to form diseociated pro-
ducts capable of being polymerised to form
15 normally liguid products and ireating a
sasoline or maphtha stock of relwlively
Tow anii-knock walue in a second or comn-
version zone (at & temperature of from
G00° (1, to 900° ) in the presence of said
90 dissociated produots se as to reform said
gasoline or naphtha stock into a high
anti-knock gasoline, but what we claim
is;—
1. The process for producing hydro-
25 carhbon motor fuel wherein carbon mou-
oxide snd hydrogen ave reacted to produce
normally liguid hydrocarbons incinding
motor fuel constituents und nermally
gaseous hydrocarbons, charavierized by
80 admixing normally liguid hydroearbons
thus obtained with nermally gaseons
hydroearbons conlaining 2, 3 or 4 carhon
atoms per molecnle, and mainlainivg the
resulting mixture at a temperalure of
85 T50—1500° F., to effect conversion thereof
to motor fuel of high anti-knock value.
2. The process of claim 1 characterized
by heating norma]}}-' gaseous hydro-
carbons containing 2, 3, or 4 carbon
40 aloms per molecule io rromote conversion
theract to normally linuid hydrocarbons,
admixing normally liquid hydrocarbons
from the carhon monoxide-hydrogen
synthesis with sald heated wnormally
4% guscous Dhydrocerbens, end meintaining
the resulling mixture at & lemperature of
TH0—1500° W, to sffect conversivn thereoi
to motor fuel of hieh antl-knock value.
8. 'The process of claim 1 chararterived
50 by wdmixing normally liguid hydre-
carbong from the carhon monoxide-
hydrogen synthesis with normally gaseous
hydroearbons containing ¥, 8 or 4 earben
atoms per melecule at a temperabure below

L ]

55 that ai which conversivn of the gases -

would ocemr, and heating the resuﬁting
misture fo & temperature of TR0—1500°
.. to effect convermion thersof to motor

fuel of hiph anti-knoek value.

4, The process of any of claims 1, 2, GO
and 3 chararferized in that normally
gaseous hydrocarbon products of the
carbon monoxide-hydrogen synthesis are
admized withk the normally liguid hydro-
carbons as deseribed, :

5. The process of any of claims 1, 2,
and § characterized in thab the conversion
veaction products ure [rectionated to
separate thevefrom wnormally peseous
hydrocarbons rontaining 2, 8 or 4 carbon 70
atoms per molecule, and normally
guseous hydroeerbony thus obtained are
admixed with the normally liguid pre-
ducts of the earbon monoxide-hydrogen
gynthesis as deseribed. w

6. The precess of any of claims 1, 2,
and 3 characterized in that the conversion
reaction producis 2re fractionated (o
separate  therefrom normally gaseous
hydrocarbons coutaining 2, 3 or 4 carbon 8¢
atoms per molecule, and normally gaswous
hydrocarhens thus gbtained and normally
gaseons prodnets of the carbun monoxide-
hydrewen synthesis ave admixed with the
normajlx_-' Hguid produets of the carbon 88
monoxide-hydrogen synthesis ag  de-
soribed, i

7. The process of any of elaims 1, 2,
and 8, charucterized in that the conver-
sion reaction products are fractionated to %0
separate hydroearbons Laving not mure
than two earben atoms per molecule, and
liydrocarbons thus ohiained are catalyii-
cally oxidized to carbon monoxide and
hydrogen for synthesis as describud, 85

8. The precess of any of cleims 1, 3,
gud 3 characterized in that the normally
liguid producis ef the carbon menexide-
hydregen synihesis ireated was deseribed
ate limited to those boiling in ke upper 100
portion of the gascline motor fuel boiling
range, ' _

9. The process substantially as herein-
hefore deseribed with reference to Figure
1 and with reference to Figure 2 of the 105
acvompanying drawings,

6o

Dated this 5th day of January, 1938,

Hur
PROCESS MANAGEMENRT CO. INC.
Stevens, Taupfer, Parey & Rollinson,
(Uhartered T'atent Agents,
3—9, Quality Court, Chaneery Lane,
W.C.2, and at
120, East 41st Strest, New Yurk City,
New York, T.5.A.

Teamington Spa: DIrinted for His Majesty’s Stationery Office, by the Courier Press--1939,
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