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COMPLETE SPECIFICATION

. Manufacture of Hy‘drocarbc-ms -

We, Eorrens Company, Inc., 2 corpora-
tion organized under the taws of the State
of Delawars, one of the United Btates ot
- America, of Koppers Building, City of
5 Tittsbuxgh, State of Pennsylvania, United,
States of America, Assignees of Iipyown
L. ©’ Ooviitg, a citizen of the United
States of - Ameriea, of 10150, Fwing
Avenue, in the City of-Chicagoe, State of
10 Illinois, United Sfates of Amecrica, do
herely declare the-nature ef this imven-
tion and in whai mauner the same iz to
be performed, to be particularly deseribsd
and ascertained in and by the following

15 statement:—— .

This invention relates to the manufae-
ture of liguid hydrocarhons. Moere par-
tienlarly the invention relates to the
manufacture of liguid hydrecarbons by the

90 hydrogenation of sarbon monoxide where-
in the hydrogen and carbon monoxide are
produced from methane and solid carbon-
nceous maberialy such as eoke and ceal.

In the well known Fischer-Trapsch pro-

2 cess of hydrogenating carbon monoxide to
produce hydrocarhons, it has been pro-
posed to mse methaue in the manufacture
of the synthesis gas used in the production
of hydrocarbons, Coke is used in the well

30° known water gas reaction for the produe-
tion of hydrogen and carbon moncxide in
making a synthesis gas,  However, by
using & balanced preparation of methane
and coke in fhe manner hereindfter
a6 described. higher yields of the lignid pro-
duct could be abtained {han is possible
using either coke or methane alone. The
varioua types of synthesis pases umnd
catalysts .proﬂ.u-ce different types of hydro-

40 carbons in the Pischer-Tropsch process,

but in all of them thers iz produced be~
sides liguid hydrocarbons comparatively
Jarge volumes of normally gaswous pro-
duets, including mefhane, carbon dioxide
45 and substantial amounts of water. In pro-

cesscs commonly used the hydrogen re-

jected as water is lost oven when there is &
deficiency nf hydrogen in fhe raw material

[Price 2/-]

aa is the case with coal o coke. Likewise,
the proportions of GO, produced have been 50
inguffieient to supply the carhon deficiency
in processes using methane evén when the.
total carbon dioxida produced is recycled.
Methane and coke or coal are very
abundant and cheap raw materials which 59
may be.used in the %ydmum'bon gynthesid,
particularly if a high end efficient conver-
siyn is obteined. . - oo T
_The primary object.ol'the present inven-:
tion is fo provide a process. ﬁy which sub- 60
stantiolly only liquid hydrocarhons will
he predueed in the calalytic hydrogenation

- of ocarbor momoide produced frome ecke:

snd methane. . . o
- Another object of thie inventioh is to pro= 69
vide g process by which the gases, residue:

. exhaust produsts of the eatalytic convers -~

sion ‘may be used in the manufacfure of.
synthesis gases for the catalytic hydro-
genation of carbon momoxide.

A further object of the invention 1s to
provide & process in which the symthesis
mases for the eatalytic hydrogenation of
carbon, menoxide are produced from
methane and coka. .

Another objech of the invention is. to

provide an integrated process which con- "~

serves raw maferial and produces liquid
fuecls of high velene number,

A further objsct ia o reduce fo a mini-
mum the production of oxygenated pro-
ducts containing hiydrogen. SHL another
objéct 15 fo produce liguid olefimic hydro-
carbons in the garoline hoiling range,

- 'With these and dther obhjects in view the

- Invention comsists in passing synthesis gas

compoged of 40 %0.60% carbon- monoxide
gag ahd 50 te 349 hydrogen with minor
amounts of other gases under o pressure of
10 to 50 atmospheres into contact with an
iron catalyst ab & temperabure of 300° o
350° C. to produce substaniially liguid
hydrocarbons and a residue gas containing
¢ high percentage of carbon dioxide, re-
aoting one portion of the residee gas from
the catalytic conyersion with methane at «
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temperafurs of 800" o 1000 C. to make
a synthetic gas, separately reacting an-
other purtion of the residue gus with coke
at-a temperaturs zhove 1080° 0. to make
5 g second gynthesis gas, and blending the
two synthesis gases o provide the syn-
thesis gas for the hydrogenation reaction.
The preferved process of the present in-
vention may be carried oul in the apper-
10 atug illustrated in the accompanying
" drawing in which ig a diagrammatic fiow
s]{xeet of the various perts of the appar-
atuy, :
Four fundamental chemical reactions
15 are involved in providing ihe synthesis
wodes which ave used for the catalylic pro-
duction of hydroearhons in the hydrogenu-
ton of carbon mongxide according to the
preseht invention, For examaple, methane
will react with water according {o the fol-
lowing equation :
. . OH,+10=004311,
Carbon divxide will venel with methane
acborrling to the follewing equation :
Carbon dioxide will react with earbon in
aceordance with the following equation :
£4-00,=2C0
By meaus of the invention, i} is possible to
accomplish indirectly the nel conversion
represented by the aquation:
a0 +oCH,=CpHyp
"This aquation shows that it is poseible to
produce substantially only hydrocarbons
of more than one carbon atom from CH,
and :
The hydrogenation of carbon monoxide
. to produce liguid hydrocarbons is earvied
out hy passing carbon monoxide spd
40 hydrogen into catalytic contact with z2n
iron catalyst (prefersbly a sintered iron
eatalyst) at a temperature between 300°
and 350° C. b & pressure between 10 and
5 atmospheres with & space velocity of
45 300 to 5000 volumss of synthesis gas per
volume of eatalyst per hour. The syn-
thesis gas is e up of 40 to 609 carbon
monoxide and 50 fo 30:% hydrogen; pre-
ferably the ratic is 400 to 8H, bui the gns
50 ratics may vary between 400 to $H, and
100 to 1H,. In the catalytic conversion
besides liguid hydrocarbons a residue gas

20
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iy formed, the gas having the following

companents

g - H, - - "~ - § o 10%
- 88 - - - - 5 t010%
0o, . - - - 40to 65%
Methane - -~ - 8 to 25%/

Thiz residue gas forms an important
. 80 source of faw material from whish fo pro-
duge the gazses used in_the hydrocarhon
synthesis,  For example, one portion of
this gus may be passed into a converter
with additionsl methane amd a very small
@b amount of sieem and hesled o g {fem-

perature of approximately 1000° C. in
contuct with a metallic nickel catalyst to
produce the following synthesis gas:

CO -~ - =~ - 40 to 50%
H, - - - - 40t065% 70
OH, - - - -  2to 10%

If the second portion or residuc fail gas
from ke syuthesiz is pagsed through s Yot
coke bed at 2 temperature of 1000° o
1400° . and at 1 to 2 atmospheres pras- 75
fure, a synthesis gas will be formed hov-

ing the following composition :
- 00

-~ = = = 7D to 909
co, - - - - 1 to 5%, )
CH, - - - - H5tvl2% B
H - - - « 3toby

- Tn arder to provide a synthesis gas hav-
ing {he proper eomposition to be catalyzed
inte liguid hydroearbons the synthesis gas
resulfing from the msthane conversion 85
ind the eoke econversion should be blended

to give a gas within the following range

of composiilon:

4fr to B0%

- 30 to 50%
- 1t b%

- - 1 to 2%
If this mixed synthesis gas is cnfalytic-
ally converled ab & pressure of 14 to 50
almospheres, or prefarably 300 lbs. per gy
square inch, at a temperature of 300 to

013:‘" _
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890° (preferably 820° C.), sud a space

veloeity of 300 o 5000 volumes per volume

of catalyst per hour, (preferably a space
velocity of 600 volumes per. volume of 100
catalyst per hour), desirable hydrocarhons
will be produced along with » tail gus hav-
ing spproximately the reguired composi-
tion and volume from which to produce
the synthesis gas. For example, 16 parts 105
of carbon wonoxide und § parts of hydro-
gen (F,} when catalyzed with sintered
iron at 860" O., will produce an olefinio
hydrocarbon having an average of 8 car-
Doy atoms and § to 8 parts of earbon di- 139
oxide will be produced. In {his process

70 to 80%, of the carbon monoxide will be
converted, and the remaining hydrogen
and garbon monoxide will not be lost to
the process bacause all of the residue gas 115
iz returacd to gasification means along
with the 0, and utilized n making the
synthesis gas for the hydrocarbon conver- -
SOm.

. The above-deseribed process may be car- 120
ried out in the apparatus Mastrated in the
drawing ag follows:

Methanc is intraduced throngh a line 10
and ieived with & small smount of slcam
introduced through the ns 12. The mix- 125
tre of steam and methane pass through a
coil 14 in a furnace 16 and flow {o a line
18 entering the lower portion of a culw-
lytiec converter 20. Residue was {zom the
ealalytic conversion iy introduced through 180



681,325 : 3

a lina 22 into a-coil 2¢ in the furnace 16
and flgws into the line 18 for mixbure with
the preheated methane. The methane and
- rasdue gas composed principally of earbon
5 dioxide enter the catalytic comverter at a
jemperature of approximately B800° tfo
1000° C. and come direcily inio conisct
with 2 bed of catalyst 26 packed in ex-
ternally heated tubes 28 in the comverter
10 furnace. The ecatalyst is vomposed of
granular alondogm or eorundum which ig
impregnated with metallic nickel, The
prehsating of the gases will suﬁ'pl part
of the heut necessary for the endothermic
15 reaction in the converter ubes 28, but the
rencton is controlled by externelty hoat-
ing the tubes. A mas coinposed of earbon
monoxide 40 to 50% , hydrogen 40 to 65%,
and methane 2 to 10%, is formed &g ex-
20 plrined sbove. The methane shoald be
free from gulphur and if it is not free of
sulphar, it shonld be rendered so by pass-
ing it through a petassinm carbonaie
seruhber of the type lfater to be desoribed.
95 In making the synthesis gas from mpth-
ane, ppproximately one half of the residue
aas from the converter is utilized.
The remaining half of the residue gas is
reacted with oole in a producer 30 to form
30 the second portion. of the synthexs gas.
T rnoomplish this, eoke from 2 hopper
39 is introdused through a rofery gate 34
inte the producer 80, The manufaciure
nf the synthesis gas involves an endo-
85. thermic.reaction so that the coke bed nust
be heated to provide the necvessaxy heat for
the thermal reaction, To accomplish this,
air is introduced through o line 36 info a
blower 88 snd forced through a line 40
40 into a recuperstor 42,  The air passing
through the recuperator is prehented o a
temperature of approximately” 600° o
1200° . and flows from the Tecuperaior
through a line 44 info the bottom of the
45 produccr 30.  The preheated air passes
upwarily through the soke bed to preheat
the coke and flows $hrough n line 48 into
the top of the recuperator 42. The heated
products-of combustion pass downwardly
50 through the recuieﬂlqatur to furnish heat
for prehesting. the azir then flow out
through an exhaust line 47. "‘When the
coka bed has Teached a temperature of
1200° to 1800° C. a valve 43 in the air
55 line 36 is closed and & valve B0 in & resi-
dne gas line 52 is opened to draw in Tesi-
Jue gog from the catalytic eonverter, Khe
residue gas 39 forcod by means of the
blower 88 through the recuperator 42 and
80 then through the coke bed in fhe furmace
80, In the furnace 30 the carbon dioxide
residue gus is converted principally into
oarhon monoxide and fows out through
the Iine 46 into the top of the recuperator
@D 42. The gas is cooled in the recuperator

and Hows tﬁmﬁ:gH o ling 54 info a weler
scrubber 58 in which it flows npwardly

. $hrough a hed of refraciory filling 58 in

contact with water whiock is flowing down-
wardly through a filling, the waler being 70
introduced through = series of spray
nozzles 60. At the time that the pag passes
intg the serubber 58, a2 valve 62 in fhe
éxhamst line 47 is elosed.  The waler
scrubber acle to remove sulpher dioxide 75
and dust with a small smount of hydrogen
sulphide. The serwbbed.and cooled gas
from the serubber 56 flows through a hine
64 info the bottom of & pobassiuin car-
bonate serubber 66 and passes upwardly 80
through a bed of filling material which 13
watted by potassivin carhonate solution. in-
trodueed gu'ough a series of nozeles 5.
Polassium carbonate solntion takes auf
yrincipally earbun dioxide and some g3
hydrogen swlphide. The misin sulphur
compounds H.8 and organie sulphur, may
be removedl by passing the gas from the
gerubber 66 through 2 line 70 Info confact
with a mixbure of approximately 70% iron oy
oxide and 309% Soda ash in a purifer box
%9, The gas loaving the purifier box 72
will hava a composition of :

GO - = =« - 70 to90% -
€0, - <.¢ - 0to05% 86
OH, - = - - Dbtol¥%W

¥ -l - B te %

A ] = . . A
Potagsium carbonate solution reaching the
hottom, of the scribber 66 is pumped into
+he upper portion of an ackifying tower 74 100
whertein it is heated by a steam cuil 76 to
drive olf the sulphur compounds and car-
hon dipxids which exhaust through an got-

Iet 78 ak the top of the actifier, The re-
vivified potossinm carhonate solution from 106
the bottom of the tower ia withdrawa by
means of o pump 80.and foreed through a
Lize 82 inbo the distributor 65 al the top
of the scrubber 66. :

The synthesis gas made from ooke 110
passes from the purifier 72 through o line
84 te a line 86 where it i3 mixed with
the synthesis gas made from methane and
flows from the ‘methane converter 2¢ into
the line' 86. The niixture of synthesis gas T1h
flows from the lite 86 info'a cooler and
drier 83. This mizture of gma passes
through =z coil in - the interchanger and i
cnoleg by means of waber or gir whick
Hows throngh the interchenger around the 120
tubea. The mixbure of synthesis gases is
forced by means of a compressor 30
through a converter 92. The catalyst for
conversion preferably comsists of sintered
jron containing” achivators such es ThO,, 126
Ce0 and Omn iz placed in o series of jubes
94 positioned within the converter 92, The
hydrogenation of carbon monoxide in an
exothermic reaction se thal the tempera-
fre must be accurafely comfrolled, To 130
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aceomplish this a stibstatice sold under tha
Reyistered Trade Mark Dowtherm is im-

troduced inta the converter 92 to circulale

through the gpace around the tubes by
meens of a pump 86. The Dowtherm 1s
withdrawn from the eonverter 92 through
% valved line 98 aud passed through a
coclar 100 and then returned to the pump

96. Preferably o temperature control (not.

shown) is provided for the pumyp motor in
arder fo maintain the desired femperaluve
in the eonverter.

+ The hydrogenated comnverted products
pass from the sonverter 92 through a line
102 into a condenser and ges separator 104
which preferably is water cooled: The
lignid” hiydrocarbons are withdrawn from
1lie bottons of the condenser through a Iine
106 and the vesidue or wuste gaces pass ouf
of the top of the geparator 104 through a
line 108 which is comneoted respeciively
with the lines 22 and 52. Valves 110 and
112 are mounted in the lines 22 and 53
respeciively by which the proportion of
wasie gazes bemng supplied to the methane
and ecolke eonverters may be accurately
conirolled.

It will be understucd that in order o

eontinuously operate the euke converter it
will be necessary to-have two furnaces 30,
two recuperators 42 and-two-pumps 38 with
appropriste valve cunmections and lines
with the scrnbbar 56 whereby one furnace
wmay be-uged for converting carbon dioxide
and colte to syathesis gas while the other
furnace is being preheated preparatory for
the conversion of the corbon diovide.
- It will be understood alse that corbon
digxide may ba separated from the exhaust
cases of the farnace blast If additional
carbou dioxide is reguired for giving the
proper syothesis gas. T has been also
advantageons to operate the methane enn-
verter under pressure up to 35 lbs. in con-
verfing the earbon dioxide and methane
into synthesis gas. Under these condi-
tions It would be necessary to supply
pumps in the lines 10 and 12 fo control the
preasuve.

Having now particularly described and
uscertained the nature of our said inven-

tlon and in whaf manner-the same iz fo.
he performed, wa declare that what we
claim iy —

1. A process of producing substuniially 55
enly liquid bydrocarbons by the hydro-
genation, of curbon monexide comprising :
passing syntheais gas composed of 40} to
0%, ecarbon monoxide gas and 50 to 30%
hydrogen with miner smounts of other80
guses under a pressure of 10 to 60 atmo-
apheres into eontact with an iron catelyst
ot a tewsperature of 800° +0 8560° C. to pro-
duce “substaxtially liquid hydrocarbons

and a residue Egas containing & high per- 65

centage of carbon dicxide, reacting ome
nortion of the residue gas from the
catalydic conversivn with methane ot a
temperature of 800° to 1000° C. to make o
synthesig gas, separately reacting anothar 70
portion of the residue gas with coke atf s
temperature above 1000° (J. o make a
second synthesis gas, and blending the fwo
syuatiesis gases to provide fthe synfhesis
gas for the hydrogenation reaction.

2. The process in accordance with claim
1, in which the synthesis gas is passed into
contact with said catalyst at u space velo-
eity of 300 to 8000 volumes per volume of
vatalyst.

3. The process in accordance with eilher
of "the preceding eclaime in which the
catulyst 15 w sintered ivon catalyst.

4. The process in zccordance with uny
of the precading elaims in which the syn-~ g5
thesis gas iy made up of carbon monexde
aidl hydrogen in the ratip belween 4C0:
SH, and 100:1H,.

5. The process of producing hydrocar-
Lon' by the hydrogenation of carbon mon- gy
oxide suhstsntially as hereinbefore de-
scribed with reference to the accompany-

ing drawing.

Dated this 12th day of Scpfember, 1846,
HASELTINE, LAXE & CO.,
28, Scuthampton Buildings,
Londen, Eogland, -~
and
1925, West 44l Strect, New Yorlk,
T.5.A

¥i)

Agents for the J;pp]jdants'.

" FLeamingdon fpa: Printed for His Majesty's Staj;iénery Office, by the Courier Press—1048.
"Pabliched ot The Patent Office, 25, Sonthempton Buildings, London, W.0.2, from wkich
coples, price 23. 0d. each {inland) 2z, 14. (abroad) may be obfained,
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