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COMPLETE SPECIFICATION

An impfoved methed of Synthesizing Liquid Hydrecarhons

We, Ter M, W. Kstroe Coupaxy, a
corporation dnly orgapized and existing
nndar the luws of the State of De!aware,
United States of Ameriea, having an
office at Jersey City, New Jarsey, United
States of America, do herehy -leclare tho
natyre of this invention and in what
manner the same is to he performed. fo
be particularly descvibed amd ascertained
in and by the following statcment:—

Our invenlion relates to a method of
synthesizing liquid hydrocarbons and
more particularly to 2 method of convert
ina methane and lke Jight hydrocarbon
gascs into hydrocarbons suitahle for use
a5 a motor fuel.

T is known to the art that hydrocarhen
gases such ns propave, butane and the
ke oy he polymerized lo form liguid
hydrocarhons, The lower loiling hydre-
carbong such ag methane and ethane, are
difficnlt tv polymerize. The pulymeriza-

tion reaction, in the case of fhese light

hydrocarbons, mequires such a large
gquantity of heat thai polymerizebion is
commereially unfeasible. Pesidas there
in difienléy in the sepavetion of these
materials in form suiteble for use In
polymerization. Thbe result has been that
the daily wasle of methane both in the
producing fields and at the ofl refineries
is enormous. Tor example, in the Texas
panhandle alons, the T.S. Buresa of
Mines has cstimated that, of
2.700,000,000 cubic feet of nataral gas
being produesd daily af the beginning of
1935, nbout B0 per cent. was wasted. A
large proportion ‘of the waste occurs ab
wells during production when large
quantities of gag ure blown into the air.
Boeent legislation has heen enacted
resiricting the volume of gas which may
he passed into the atmosphers, Bseanze
of thie limitation, natural gesoline por-
dneers have been foreed to cub tlieir pro-
dnetion  schedules, Natural pas is
prineipally methane bat also contains

P

the

varying quaniibies of ethune, propane
and nitrogen. Methanp is very stable
chemically. Chemieal inertness or
stabiliby can be overcome by the expeadis
fure of energy but, due to the cost of
energy, the conversion of methane Into
liquid fuels by polymerization remains
an acadenic method,

_Dne ohject of our invention is to pro-
vide a method for synthesizing liquid
hydroegrbons from Iight, low bhoiling,
gesevus Lydrocarbons, such ps methane.
For purposes of convenienrs, we will
deseribe our invention with respect to
methane, but it is to be understood that
any of the light hydrorarbom gases hav-
ing threc or fewer carbon atoms per mole-
cule are suilable for use in our process,

Ancther ohject of our Invantion is o
provide & commereially practicable and
economical method of converting methane
intu liguid hydrocarbons suitable for use
us a motor fael.

Other and further object of our inven-
tlon will appear from the following
dezeription.

THecher and Tropsch anid othars have
gyunthesized hydrecarbons from mixtures
of carbon mopexide and hydrogen., In
the Fischer-Tropsch process, ordinarily
solid fuel siueh ag coles, semi-coles or

coal are subjected to the waler gas reae-
tion to prodmee a mixture of carbon

menoxide and hydrogen, as follows:
Ca H0=00+ I, ~28.4 k. cal.

The water gas thus formed ds purified to
remove hydrogen sulphide and orgamically
combined sulpbur fo aveid sulphur pois-
oning of the catalyst used in the process,
The ecarhon mbnoxide and hydrogen are
then reacted al atmoepheric pressuze and
at @ temperature in the virinity of 200°
. (892° ¥.) to form liguid hydrocarbons
et weler in wecordanes with the follow
iny reaciion:
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200 + 20, = (UH,)s + nH,0 + 48nk. eal.

The catalysts used in the ahove prosess
ara cobalt-thorium-kieselgubr, cor nickel
mangansse aluming kieselguhr or cobalt-
thorium-vepper kicsclgubr mixtures pre-
pared the reduction of metallic
nitrates with hydrogen.

If the mixture of carbon monoxide and

hydrogen subjecled to the synlhesis Is
poor in hydrogem, it is nseessary fo work

10

at higher temperaturcs and & larger pro--

portion of oleflues will be produced. I
the mixturs of earbon monoxide and
Lhydrogen is rich in hydrogen, it i neces-
sary o work at lower temperatures in
order to avoid the preduction of methens
in accordance with the Sahatier mefhane
syabhesis. .

Aceording to the theoretical reaction in

20 the Fischer synthesis (I), wo volumes of
hydrogen should be present to one volume
af carbon monoxide.- Unreacled or inert
gases. will ‘mecrease the size both of
separating end reacting squipment, since
larger volumes will be handled and dilu-
tion will disturh equilibiium to such an
extent that the speed of reaefiom is
reduced and the cxtent tp which tha reas-
tion is carried will be shorl of what it
would be if theorefically proper wmounts
of the reacting constituents were present,
Tn. Tnited States application, Serial
No. 122,618, filed Jondary 27, 1847,
there is disrlosed a method of forming
gynthesis gas from methane and olhsr
Light hydrocarbon gases, which synthesis
gas has a ratio of carben monoxide to
hydrogen as ono s to two and is thug the
theoretically correct mdxture for subjec-
tion to the Fischer synthesis. it is fur-
_ther diselosad in suid applicetion that
" said method may be continucus,

In general, our invention contemplates
the oxidation of methane fo form mix-
fures of carbon monoxide and hydrogen
gnd the synthesis of the synihesis gus
thus formed into liquid h d_mca:'_bonsqby
maans of a calalyet.

The accompanying drawing, which
forms part of the instant specification and
which is to he read in conjunction there-
with, i3 a diagrammatic view of one form
of apparatus eapable of carrying out ihe
process of our invention, )

More particolarly meferring now to the
drawings, methane from any suitable
source (a5 for example frum w natural
gusoline plant) passes through line 1 con-
trolled by wvalve 2 and is pumped, if
pumping needed, by pump 3 through a
desulphurizing tower 4. The desulphur-
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izing tower may be of any suitable con-
struction. As shown, the methane passes
countercurrent to a desulphurizing opr sul-
phur absorbicg ageat inbtroduced mio the
tower 4 thremgh line & controlled hy

65

valve 6 and is withdrawn from the tower

through lime 7. Triethanclamine,
spdium plenclate, diamineisopropanol, or
tha like may be nsed. 1f desired, sudium
hydroxide may bo used or eombinations
of the ubove methods may be used, it
Ieing undersiood that any of the desul-
phurizing processes known to the arb may
be employed, so lomg as the sulphur con-
tent of tho methane is reduced to about
gng bentk of & grain per hundred cubic
feet. The removal of sulphur ig desizuble
in order te avoid pelsvning of the catalyst
and thus reducing the Iength of time the
unit may be on stream.

Let us now consider the following
renctions, disclosed in said United States
application, Serial No. 122,613

2CH, +0.=200 +4H,+ X cal. . . . {ID)
2CH, + 2H.0 =200+ 8H, - Y eal.” . (T1I)
OH,+00,=200+2H. - Zeal. ; . . (IV)"

70
75

80

85

The aboeve reactions will take place-in
the vicinity of 1700° F. dn thé presende’
of & cafalyst comprising nickel deposifed’
on clays of high alumina contént, such as
firzé clay or alondum: Sinee reaction 1
is exothermie and rencticis II1 and IV
are endothermic, the proportions of steam’
and carboa dloxide may ba balanced with
respeet to oxygen so that the gencrabion
of syntheciy gos from wmethone may  be'
accomplished continuously. Tt will be
further observad that equations IIT and
IV give such amonnts of earbon monoxide
and hydrogen together that the resuliant
mixbture is gynthesis gas in_theoreticslly’
correck proportion for the Pischer-Tropsch-
synthesis. o

The oxygen can bo obtained from tha
atmespher by the well kmown Linde or
gimilar process. Air may be used sz o
souzce of oxygen, bul this necessitates the
passage of large quantities of nitre
through the egnipment, thus increasing 110
the cost of handling and processing., I
is understoed, of course, that exygen may.
be dispensed with entirely and only stesin
and earbon dioxide empleyed for corvert-
131% methane into synthesis gas. S

In the drawings, the oxidatiop chem-
bers are indicated hy reference numerals

95
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8 and 9. The chambers may be checker-
work brick on which iy doposited he
vatalyst, or may be if desired, heds of
catalytic material through which the
3 gases to be processed may pags. Chamber
10 is a preheated chamber. The eham-
bezs 8, 3 and 10 are brought to the desired
rezctian temperature by means of hot
gases and combustion genernted for
10 example by surface combustion burner
11. %ampers 12 and 13 are cpened and
the surface ecombusiion burner opemuboed
{o puss hot gages of combmation npwardly
throngh chamber 9, then through eonnee-
15 tion pipe 14, downwardly through cham-
ber 8, then through counection pipe 15
and upwardly through preheated chamber
10, through flue 16. When the chambers
have been healed to the desired tempera-
tnre, that is, from 1500° F, to 2000° F.
the burmer is shut down and dampers 12
snd 138 are closed.  The desulphurized
methane leaves a desulphurizing fower
throngh pips 18, Oxygen from the
25 oxygen plant 17 is introduced into pipe 18
through liwe 19 controlled by wvalve 20,
Carbom dioxide from any suitable source
is passed into lne 18 through line 21 con-
trolled by valve 22. Sieam from any suit-
30 abls soures is passed inte line 18 through
line 23 controlled bv yalve 24, The
methane, oxygen, sleam, and carbon
{hoxide is passed through preheating
chamber 10 and is thus brought 1o the
86 reueclion lemperalires of from 1500° F.
te 2000° F. by heat exchange with the hot
*brick: work within the chamber. The
preheated mixture of gases pas¢es through

20

eatalvtic oxidation chambers 8 and 9 and-

and TV, deseribed

Sinee when oxygen,

reactions 1%, TIT,

above, take place.

40

steam dnd earbon monoxide are used, it is’

possibls o balance lhe heat, once the
catalytie oxidation chamhers are brought

45 to the desirved tesnperature, the exidetion
of methane to synthesls pus can be pér
formed continnously.” If it iz desirvad to
dispense with an oxygen plant, it will be
necessary to have o plurality of eatalylic
oxidation chambers eo that one set mav be
heated to the reaction temperature, while
the other set is on streom, and the sircam
alternately switched to the freskly hegled
scl, while the other is being heated, as is
55 well Imown n the art in operations nsing
hot checkerwork brick stoves {or heating,

Tt will be understond that there is witﬁ-
drawn from ‘final ecatalytic oxidation
chamber 8, through Iine 25, & mixture of

60 carbon monoxide and hydrogen 11 pro-
portion of two volumes of hydrogen to
one volumwe of earbon monexide.  This
mixiure will” be ab a temperature within
the range above specified. The mixiurs

B5 s pissed “threngh enoler 26 in heet

50

exchapge with a cooling medium entering
line 27, controlled by valve 28, and
reduced to tempcratures uf from 875° F.
to 425° ¥. which iemperatures are those
at which the zynthesis takes place. The 70
pases reduced to the desived tomperature
leave the cooler 26 lhreugh line 29 and
pass downwardly through syathesis eham-
ber 80. This synthesis chambar eomprises
tubes 58 filled with the contact material 76
gid is more fully described in Tnited
Stutes application Berial No. 122,654
filed January 27, 1937. The coniact
material muy ecomprise porous clay or
kieselguhr, upon® which there is deposited 80
nickel, manganese and eluming or cobalt,
thoriwn and copper, by uny manner
known to the art, as for example hy-
teduction of redueible compounds of
metals. 85
The temperature of the reaction shounld
be closely sontrolled to within 5° C. The
repction, as can readily be seen bv refer-
ence to equatrion T supra, is highly cxo-
thermic. In ovder to romove the heat of 90
veaction and keep the temperature o
peaction within the necessary limits, the
tubes of contact material arc eooled by o
covling medium, for example: water,
which enfers ths synthesis chamber 95
through pipe 41 entrolled by walve 3%,
Steam or other . cooling medium i3 re-
moved from the chamber through line 33
and may be used in heat exchanger opera-
tions elsewhers in the plant, as for 100
example in heaicrs 84 and 35. The pre-
ducls of the synthesis reaction are with-
drawn from thé aynthesis chamber
through line 36 'and pass through eon-
denser 37 which"js cooled by a cocling 105
medium entering ‘through line 88 con-
trolled by valve 89, - The mizture of gases
and Jiquid products formed by the syn-
thesis will be cooled to 5 temperature of
about 100° F. in the condenser 37 and are 110
withdrawn therefrom through line 40 and
passed into a separator 41.  The uncon-
verted carbon monoxide ond hydrogen
leave the separator through live 48 and
are again raised lo temperatures of from 115
376° F. to 425° F. in heater 34 by heat
exchanpe with steam cotering through
lina 44 contrelled by velve 45, it being
understood of course that the steam for
this operation may he ohiained from line 120
83 leaving the synthesis chamber 30, The
nnreacted gases thus heated to the reaction
temyperubure leave the leater 34 throuph
line 46 aid pass into a sccond synthesis
chamber 47 which is of smsller size than 125
synthesis chamber 80, to compensate for
the decrease in voltme which oceurs as the
reactlon progressss.  The water formed
hy the reaction ‘may be withdrawn from
the separator 41 through line 48, The 130
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hydrovarhons, some of which will be

wuseling boiling within the motor fuel

ra,ndge and some of which will be heavier

hydrorarbons, are withdrawn from the

b separator 41 through line 49 and pass into
a manifold 50,

In the synthesis chamber 47, furilier
bkydrocarbons ave synthesized from the
carbon monoxide and hydrogen, the heat

10 of reaction being removed by water enter-
ing the heat exchanger synthesis cham-
ber through line 51 conirolled by valve
52, steam bsing removed through line 63.
The unreacted gases, liguid hydrerarhons

16 in vapor stete, and steam formed, arc
withdrawn from the synthesis chamber 47
through line 54 and the hydroearbon
vapors and steam are condenwed in con-
denser 55 which is supplied with a cool-

20 ing medium through line 86 controlled by
valve 67 and passed through line 58 into
separator 60 from which the cundensed
waber I8 withdrawn throwgh line 61 con-
trolled by valve 62, the liguid Lydrocar-

25 bons withdraswn through line 68 and

passed into manifold 30, and the unreacted
gases withdrawn [rom the separator
through line B4. The unreacted guscs
compriging eathon monsxide and hydro-
gen are heated in heater 35 which is sup-
plied with a heating medium such. as
steam through line 65 controlled by vialve

66. .Ag pointed out above, the steam may

ba obteined from un suitable souree, as for

85 example from line 63. In the heater,

the unreacted gases are raizad to tempera-
tures of from 375" F. to 4253° ¥.  The
heated gases are withdruwn from the
keater 35 through line 67 and passed into
the third synthesis chamber 68 which is of
similer construction to synthesis cham-
bers 30 and 47 but of smaller size to allow
for the deercase in wolume occurring in
the reaction and the removal of louid

45 products.  The divisicn of {he centoct
material into thres parts represented by
the three synthesis chambers prolongs the
life of the catalyst since this stepwiee
provessing snppressss the formation of

50 hard wax, In addifion, the yields of
liquid hydrocarboms is inoreased. The
decreage in the volume of pus_as the
reaction progressce is matked. By pro-
gressively decressing lhe size of the con-

55 taet chambers, the conlacl time in the
vacious stages ig kept practically the same
so that a coonblououns process meay 'be
readily conducbed.  The third synthesis
chamber is cooled as Dbefore Dby water

B0 entering through line 69 confrolled by
valve 70 and stcem ds Temoved through

Hue 71. The hydrocarbon vapors, steam,

80

40

and unrescted gases are withdrawn from
:the third synthesis chamber 68 through

85 -Iine'TQ- end pass through condenser 73

- Fraporized.
“the tower 89 throuph line 92, condensed

“charge, will

which is supplied with o cooling medium
through line 74 controlled by walve 75.
In the vondenser 73 the producls ere
eoolad to abous 100° F. and passod
through Hne 76 inte separator 77 from
which the water i3 withdrawn throngh
line 78 contrelled by valve 78 and the
liguid hydrocarbons withdrawn through
ling 80 where they are joined by the
liguid hydrocarboms from scparetors 41 75
and 60, passing from maznifold 60 through
ling 81. The lignid hydrocarbons are
then pumped by punp 82 through lue 83
to the manifold 84. The unreacted gases
withdravwn from separater 77 fhrough

70

lime 85 will eontaln quentities of Hguid
- hydrocarbons in vapor state. These gases
“therefore are subjected to absorption to

removed the liquid compopents., Any
suifable absorption systern may be used,
as for example charcoal or liquid absorp-
tion. In the drawings, we hove shown
line 88 for passing the gases withdrawn
from separator 77 into the absorption
{ower 86 in which the gasce are serubbed
with a lean absorption 0l enlering the
tower through tine 87. The rich absorp-
tion o1l is withdrewn from tfower 86
through line 88 amd passed io a stripping
tower 89 in which the liquid hydrocarbeny 95
ate stripped from the absorption medium

b heat which may be furnished by means

of a rehoilar 90 supplied with siewm frove

any euitable source, throngh line 91 con-
hﬁo{]ed by a suifable valve. The absorp- 100
tion il i3 thus stripped of ils light hydre-
corbon fractions, the temperature at the =
botom of the tower being comtrolled =o
that the lizht gesoline frections will e
: i These ars withdrawn from

83

g0 .

105

in eoudenser oand passed through line
94 'into acenmulator 85, From the accn-
milator & portion of the light gasoline
froctions may be remeved throngh line 08
and pumped by pump 97 through line H3
as reflux to eontro’ thé composition of the
light gosoline fractfons removed. . 'The
heht gasoline fractioms may be used as o
blending steck to furnish thededired Hght 116
ends in the finiched prodiict and brinp

to the desived Fopdér speeification. Théy'
are withdrawn from the accumulgior 95-
through line 99 controlled ¥y valve 100. -
The stripped absorption medinm, whick 320
may bea lieht hydrocarbon oil, g pumped

by pump 101 through line 87 for reuse in
the absorpiion tower 86. The gases with-
drawn from the ahsorption tower 86
through line 102, which may represent as 195
much as 20 per cent. of the original

il atill contain hydrocsrbons
sich as methane, ethane, ethylens, pro-

110

“pane, propylens, hutans, butylene. and
“Heavier hydrocarbons, as well 2s wnre- 180
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acted hydrogen and carbon monoxide, and
some carbon dioxide.

If air is nsed as a source of oxygen in
the oxidation step, @ considerable gquan-
tity ef nitrogen will 2lso he present. These
gases are compressed in compressor 108
and passed to & hydroearbon recovery
tower 104 under high pressure.  The
hydrocarhon recovery tower is so con-
trolled that the hydrocarbons yprepans,

rupylene, bulaue and heavier hydrocar-
ﬁuﬁs will be in w-liquid state and the
hydrogen, methane, ethane, ethylene,
earbon monoxide, carbon dioxide and, in
some ¢ases nitrogen, will be in the gaseous
state. A suitable refrigerant is passed to
the rellux condenser 155 in the dop of
hydrocarbon recovery tower 104 threugh
line 106 controlled by valve 107 amd the
top tower temperature iz so controlled
that, under the pressure existing in the
hydracarhon reeovery tower 104, the ahove
hydrosarbon fractions will be liguefied
and {the gases hydrogen, methane, sthane,
ethylene, cerbam monoxide, ocarbon di-
oxide and nitrogen will pass from the
tower through line 108 and muy be con-
ducted to mitrogen and carbon diexide
exfraction plant 109 from which the
carbon dioxide and nitregen are dis-
chargod {hrough line 110 and the hydro-
gen carhon monoxide and light hydrecar-
bons remuoved through line 111, it being
understood that valve 112 is clozed and
valves 113 and 114 are onened. Tf desired,
the nitregen and carbon dioxide extrac-

-tlon planl; may be by-passed by opening

40

60

i)

80

69

valve 112 and elosing valves 114 and 114.
In w@ither case, the mreacted gnses free
from nitrogen and carbon dioxide pass
into manifold 115. From manifold 115,
a poriion of the unrencted gascs may be
passed through ling 116 conirolled Dy
valve 117 inte line 26 for passags into the
synthesis chamber 30, & portion may he
passed throngh line 118 controlled by
valve 119 for passuge with unrescted
gases in pipg 48 through the heater 84 to
synthesis chamber 47, and o portion way
be passed through line 120 evntrolled by
valve 121 to the gmses in line 64 passing
to the synthesis chamhber 68. A conneot
ing line is provided belween line 118 and
iine 137 by means of which the unreacted
gases may bs retorned to the eatalytic
oxidation chamber 10 instead of the syn-
thests chambers. The liquefied Lydrocar-
bons withdrawn from hydrocarbon re-
eovery tower 104 are pumped by purp
122 through line 123 into the manifold 84
joining ths synthesized liguid hydrocar-
bons withdrawn from the separators 41,
B0 and 77.

The Hauid hydrocarbons in manifold
B4 may be passed, in whole or in part,

through line 124 controlled by valve 125
into ike fractionyting lower 128 acting as
reflux therefor. A portion of the liquid
hydrocarbons may alss be bled from meni.
fold 84 through line 160 comtrolled by
valve 127 into the evaporator 128 to mssist
in the separatiom in said evaparator, as
will hereinafter he more fully pointed out.
Hygdrocerbons Leavier than desired or

Lighter than desired may he converted by !

thermal methods o desirable hydresar-
hons., The fractionating tower 126 is so
operated that hydvocarbons lighier than

e tlesired final product, which is with-
drawn therefrom through line 128, will
pass from the fractionaling tower through
line 130, through refrigerating condenser
181, which is supplied with a refrigera-
ting medium, through line 182 controlled
by valve 183. The temperature is reduced
to about —40° I, so that at the pressures
existing in separalor 134, {ke cooled, in-
condensable guses and vapors passing
thereinio through line 135 will be separ-
ated so that a Hguid comprising the hy](?Lro-
carbons having three and four carbhon
atoms per moleciile may bhe withdrewn
therefrom, through, line 186. The guges
comyprising (ke lighter hydrocarhons din-
cluding methane, will he withdrawn from
the separator throdgh line 137 controlled
by valve 138 and muy be passed into line
18 for passage to-the lipht hydreearhon
gas oxidizing step heretofore deseribed, If
desired, a porlion of these guses may be
vepted through line 189 eomtrolled hy
valve 140, The liquid hydrecarbons
Loavier thap those desived are removed
from the {ractionating tower 126 through
line 141 and pumped hy pump 142 info
line 143 wheve they are juined by the
light nomnally gaseous hydroearbons,
which may comprise prepane, propylene,
butane, butylene and some heavier hydro-
carbong, being pumped by pump 144
through lire 145 into lHne 143, Line 143
thus carries the hydrocarbons lighter than
those desired amd {the hydrocarbons
heavier than those desired and represents
the reversion. or fransition furnaee
charge. The reversion furmace 146 may
ba of any suitable design znd may com-
prise, for sxample, 4 tube band 147 heated
predonderantly by coavection heaf, and a
tube bank 148 hested . preponlerantly by
radiant hedf from Burner or burners 149.
The roversion [utnace is so operated that
the Livdrocarbons are hested o a tempera-
ture between 200° F. and 1050° F. and

70

80

85

o0

93

100

105

110

15

120

preferably of the ‘order of 978° F., pumps 125

142 and 144 supplying Lydrocavboms so
that a pressure of the order of one thou-
sand pounds per square ineh is mein-
tained. Pressmve controlled velve 150

insures that thia pressure is malntained.

130
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Uader thess conditions of temperature

and pressure o transition of Theavier

hydrocarbong intp, lightar hydrocarbons
_end of lighter & rocarbons into heavier
5 hydrocarbons will oceur.

“Yhe prodnets of the trapsition reaction
puss through line 151 into evaporabor 128
and ure {lashed inte hydrosarbon vapors
and wnvaporized oil in evaporator 128 into

10 which g portion of the higuid hydrocar-
hous frowm xaanifold B4 is being introduced
through line 160 o wesist in the separation
and to supply desirable yuenching. Since
the hydrocarbons heing supplisd will be

15 in moost part vaporizable at the tempera- .

tuves existing within the evaporator 123,
these will form part of the hydrocarbon
sapors lewving the eveporator 128 throngh
_ line 152 for passape to the fractionsting
20 tower 128, The heavy hydrocarbons,
which are in a kiquid gtate in the evapora-

tor, are removed from the provess through
- fireelay and alumdum types.

line 153 contrelled by valve 154, The
~ desired hydroearbons are withdrawn from
95 the fractiomating tower through line 129
contralled by ~valve 155. Other and
heavier hydrocarbon fractions may be
withdrawn, if desired, from the fraction.
pling tower thromgh drawoff 136 con-

Ho trolled by valve 157, and drawoff 158 con-

trolled by valve 153.

Tt will be observed that we have accom-
plished the objeots of our invention. We
have provided s method of converting

45 methana and light hydroearben gases
normally uneconomical for processing by
polvmerization, inte liguid hydrecarbens
siitable for use as a molor fuel.

o prodncs the carbom monoxide ‘and

4h carbon dioxide for the process it may be
degirable fo convert heavy hydrocarhons
such as tar, fuel oil or syphalt with aiv or

oxXygen.

I will be wunmderstood that certain

45 features and sub-combinations are of
wtility and may be empluyed without
reference to other features and sub-com-

binations. This is contemplated by and
is within the scope of our clalms, It is

50 firther obvicus that varions changes may
‘he mada in details within the scope of sur
eloims without departing from the spirit
of our Invention. It iy therefore, io be
anderstood that cur invention is not to be

55 Jimited to the specific defails shown and
deseribed.

Having now particularly described and
ascartained the nature of our said inven-
tivn and in what manner the same is o be

80 performed, we declare that what -we claim
i ;— .

1. A process of converting light hydro-

carbon gases into ligui niyﬂrocarhonﬂ-,
_ wherein a Hght hydrocarbon gas is stb-
8% jeoted to the action of oxygen, steam and

carbon dioxide in the presence of a cala-
lyst ot elevated temperature to form 2
gynthesis gas eompriging carbon won-
cxide and hydrogen, the aaid synthesis
gas being couverted inte Hguid hydro- 70
earhons i the presence of o catalyst at a
temperature between 875° C. and 425" I

2. A modification of ths process aceord-
ing to Claim 1, wherein the light hydro-
carbon gas is converted iuto synthesis gas 76
by the action of steam and carbon dioxide.

3. A process es claimed in Claim I,
wherein the light hydroearbon gas is con-
verted into synthesis gas wh o lemperadure

Jotween 1500° P, and 2000° ¥. 80

4. A process according to Ulaime 1 and
3, wherein the light bydrocarbon gus is
converted into synthesis gag in lhe pre-
gence of a nickel catalyst, :
5. A yprocess according to Claim 4, 8B
wherein the nickel catalyst is deposited
on a clay uf high alumina content, of the

- 6. A process aceording to Claim I snd
any of Claims 3, 4 and 8, whereiz the 90
oxygen used is obtained from the air by
the Linde or similar procoss, '
7. A process according to Claim I and
ahy of Clpims 3 to 6, whersin the oxygen
ueed is in the form of air. a9 -
8. A process aceording toasny of Claims
1 40 7, wherein the light hydrocarbon gas
13 desulphurized prive o its comversia
into synthesis gas. )
9. K process acoording to any of Claims 100
1 4o &, wherein the synthesis gas is con-
verted into liquid hydrocarboss in thes
presence of o catalyst comprising porous
clay or kiesslguhr, on which is deposited
slumina, nickel and manganese. 105
10. A process a3 claimed in Claim 9, ’
wherein the eetalyst comprises porous clay
or kieselguhr, on which s deposited
oobalt, thoriwm and copper. '
11. A process according ‘to any of 110

‘(laims 1 {o 10, wherein the conversion of

the synthesis gas to liguid Lydrocarbons
is casried out in three steps, substantially
as described. -

12, A process according to any of 115
Claims 1 to 11, wherein water or other
cooling medium is used during the con-
version of the synthesis gus Lo ligeid
hydrocarboms, - Lo

13. A process aceording to. any of 190
Claims 1 o 12, whercin unreacted gases '
from the conversion “into liguid hydre-
carbons are sofubbad in an abserption
tower to remove light ligmid hydrecar-
bons, and these are removed from the 125
abzorption medium by heat, S
. 14.” A process according to Claim 18}
wherain mases from the absorptivo tower
are separated, viz. prepune, propylene,
butane and heavier.:hydrecarhons  being 130
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liquefied by compression, and the remain-
ing gases being passed through s plant for
the removal of cerbon dioxide and nitro-
gen.

5 15, A process acconding to Cluim 14,
wherein the separated mixture of hydro-
gen, methane, ethane, ethylene and car-
bon momoxide is passed into the synthesis
chambers horcinbefore described andjor

10 tfo the catalytic oxidation chambers here-
inbefore described.

18, A proecss according to Claim 14,
wherein the separated liguefied hydro-
carbous are eombined with the Iiquid

15 hydrocarbons obtained frow the synthesis
chambers hereinbefors deseribed,

17. A process according to any of
Claims 1 to 16, wherein the mixiure of
liquid hydrocarbons is fractionated in a

20 column and the moter fnel fraction with-
drawn,

18. A process according to Claim 17,

wherein the Iractions lighter than the
mator fuel fraction are cooled to —40° T,
the liguefied hydrocarbons are combined 25
with the fraction heavier than motar fusl,
and the mixture is subjected to pyrolysis
at a temperabure between 900° F. and
1050° F. and a pressure of the order of
1000 pounds per square inch,

19, A process aecording 4o Claim 18,
wherein the hydrocarbons which are not
Liguefied at —~40° F. are returned 4o the
catalytic oxidation step hereinbefore de-
seribed, .

20. The vwproved apparatus substan-
tially as described, with reference fo the
necompanying drawing, to be used for the
purposes specified.

Dated this 26th day of January, 1838,

- D. YOUNG & CO.,
11 & 12, Southampion Buildings,
- Tondon, W.(.2,
Agents for the Applicants.
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