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PATENT SPECIFICATION

PROVISIONAL
Improvements in or relating to

I, AxrEOR Josres Vicror UNDERWOOD,
D.Se,, MJI,Chem.E., A.M,I Mech.E.,
IL.1.C., o British Subject, of 88, Victoria
Street, London, 8.W.1, do hereby declaze
the mature of fhis invention fo he as
followe ; -

The present invention relates 1o
improvements in or releting to the many.
facture of hydrecarbons,

Synihetic processes for the munufactura
of hydrocarhons, in which a gaseons mixz-
ture produced by pressure ifcation
with stean of coal, coke and The like, is
reacted in a water-cooled reaciion ehamher
are known. These processes produce eon-
siderable heat of reaction mueh of which
is normally converted inte steam partly
from the ocoling wuber aud partly from
the reaction products and 4 i 4o the
ufilisation of the heat of such stonm that
the present invention relates.

Thus for example in the Fischer-Tropsch
process a mixture containing hydrogen
und carbon monoxide iz produced for ax-
ample by pasification of coal or eoke with
high pressurs sicem and oxymen, and the
gaseous mixjure is reacted to give hydro-
carbons and steam hy passage over suite
able catalysts. A considerable amount of
heat is evolved in this reaction, and as the
reaction Lemperaturs needy to he carefully
controlled, theratalyst units employed are
water-cooled to remove this heat with con-
sequent generation of steam from the cool-
ing water; this steam hay a pressure of
from 7 to 10 atmospheres, depending on
the temperature ai which the catalyst is
maintained. The steayn tused for the
gusification process, on the other lLamd,
must have a pressmre of 9 to 12 atmo-
spheres. .

T4 is an object of the invention to ytilise
the heat of reaction of procesmes of the
ubove type, and in particular fo utilise
the latent heat of the low pressure steam
produced from the cosling water and iﬁr
eomfained in the reaction prodmnets for the
production of high pressure steam for use
in the gasification step,

According to the presemt invention I
provide in = process of synthesising hydre-
carbong, in whieh coal, coke or the lika
is gasified under pressure with steam and
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the products of gasification are reacted
with evolution of heat in & water-vooled 65
reaction chamber or chembers, the step of
using Jow pressure steam produced from
the cooling water andfor contained in the
products of reaction for the production of
steam of higher pressure and using {he 60
laiter in the gasification giap,
According o the pressnt invention alsa,
I provide an apparatus for carrying out
the above process comprising means for
gasifying coal, coke or the like and con. 65
neeted thereto one or more reaction cham-

evs provided with walercuoling means,
means for utilising low pressure steam
pradueed from the cooling water and fox
contained in the products of reaction for 70
the produstion of steam of higher pres-
eure, and meang for passing the latter to
the gasification step.” The low presguro
steamn will be passed to a high pressure
steam injection thermo-nampressor for the 75
production of steam of higher pressure.

In tha casa of low presszre steam pro-
duced from the cooling water, the steam
issuing [rom the therme-nompressor unit
may fhen be tised directly in the gasifica- 80
tion step. -

In the ciss of low pressure steam con-
tained in the products of reaction, the
totel products of renction, which include
both steam and hydrocarbong, may simi- g5
larly he passed to g high pressure stesm
injestion thermo-compressor, bnt the ve-
sultant steam of higher presgure, which
in this cose will be associated with hydra-
czg.r'hons efe., will not then ba passed 90
drrectqu)i'o the gasification process bup will
preferably be employed in o syuitable
apparatug for the genaration by leat ex-
chanoe of steam of suitable pressure,
which. latter may then bo used in the gasi- 95
fitation step or for other purposes.

It will be evident that the above-de.
scribed procesges mav, if desired, be com.
bined in any svitable manner. Thus for -
pxample the steam from the cooling water 100
ey be passed together with steam-con.
taining products of reaction to a commeon
thermo-comnressor and suhseqrently em.-
ploved for the deneration of steam by hest
exchange.  Further gheem menernfed by 105
heat ¢xchange hy the steam-couteining
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products of reaction may be led topether
with the steam generated from the eooling
water {o a commen thermo-compressor and
ntter sompression passed o the gasifien-
Lion process.

Dated this 215t day of July, 1938,
Hor the Applicant,
FRANK B, DEHN & Cu.,
Chartereq Patent Agents,
Kingsway House,

113, Kingsway, London, W.C.2.

COMPLETE ISPECIFICATIOZ\‘

Improvements in or relating to the Production of Hydrocarbons

1, ArTavr Jussern YIcTOR U NDERWOOD,
D.Se., M.LChemE., A.M.T.Mech.E,
I'1.0., a British Subjeet, of 35, Vietoria
Street, London 3.W.1, do hereby declare
the nature of this invention snd in what
manner the same iz to he performed, to
be particularly deseribed and ascertained
in and by {he following statement:—

The present invention relates to
improvemsnts in or relating to the manu-
facture of hydreearbons.

fiynthetic processes for the wanufacture
of hydrocarhong, in which a gaseous mix-
twre produced by pressure gasification with
steam of coal, coks and ihe like, 1y re-
aeted in a water-conled reaction chamber
are knewn., These proresses prodiles con-
siderable heat of rcaction much of which
is normally converted inlc stcam parily
frome. the conling water and parlly from
the reaction prodnets and it is to the
utilisation of the heat of such steam that
the preseni invention velates. )

Thus, for example, in the Fischer-
Tropseh process p misture eontaining

hydrogen and earbon momoxide is pro-

doced for example by gasification of cbal
vy cole with high pressure steam amnd oxy-
gen, and the gaseous mixhire fs reacted
fo give hydrecarbons and steam by pass-

‘age over suitable catalysts. - A consider-

zble amount of Heat iz evolved in this re-
action, end as the reaction temperature
ueeds to be carefully controlled, the cata-
lyst mnits employed arve water-cobled ‘to
remove this heat with ponsequent genera-
tion of steam from the rooling water; this
steam has o pressure of from 7 to 10 atmo-
spheres, depending on the temperatnre at
which the eatalyst 15 maintwined., The
steam nsed for the gasification proceds, on
the other hand, must have » pressure of
9 to 12 atenospheres. - o
Tt iz an chject of the Inveation {o utilise
the heat of reantion of processes of the
above {ype, and in particnlar to utilise the
latent heat of the low pressure steam pro-
duced Irom tha eooling water and/dr con-
tained in the reaction products for the
production of high pressure steam for use
in the gasification step. '
- According to the preésent invemtion T

- provide in a process of srnthesising Liydro-

carbony, in which coal, eoke or the like is
gasified under pressure with steam and the
products of masifieation are veoeted with
evoiution of Leat in u water-eonled reaction
chamhber or chambers, the step of nsing
Iow pressure steam producad from the
aopling water and/or contained in the pro-
duetz of reaction for the productiion of
steam: of higher pressure and using the
latter in the gmasification step.

According to the preseat invention ulse.
I provide an upparatus for earrying out
the above process, comprising means for
gasifying eoal, coke or the like and con-
nected thereto one or more reaction cham-
bers provided with water-cooling means,
means for utilising low pressure steam
producel from the cooling weler andjor
voptuined 1 the produels of reactien for
the production of steam of higher pres-
sure, and means for passing the latter to
the gasification step.  The low pressure
stenih), derived from the cvoling water will
ba passed fo a high pressure steam injec-
tion thermp-compressor for the produstion
of steam of higher pressure and the steam
i=suing from the thermo-compreszor unit
may then be wsed direetly in the gasifica-
ton step. If desired, however, such high
pressure steam may be employed for
generalion of steum by Lieut exchange and
this steam, if desired, after further injec-
tor thermo-compression mar be emploverd
in the gasification step,

Low pressure sieam containmed in the
products of reaction, being mized with
hydrocarbons, will noi he employed as
sueh for the: gasification step but will pre-
ferably he employed, if desired after rais-
ing the pressure hy imjector thermo-com-
pressism, in a suitable apparatus for the
generation by heaf exchange of sieam of
suiteble pressure, which latier may then
be nsed, if desived, after injector thermo-
compression theveef, in {he pasifieation
step, If desired this steam may he tised

for injeetor thermo-compression of steam

dérive:d from the ecoling water,

In order thai the invention way he well
undetstood a preferred embodiment there.
of will now he deseribed by way of example
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vnly -with: reference to the accompanying
drawing in which the single figure shows
diagrammatically a forta of wpparatus
according to and for earrying out the
" & invention,

Relerring to the drawing oxygen is
supplied by a pipe 1, i desired, t mgh
a_suiigble injector device tp a pipe 2
which is itself supplied with high presswe

10 steam at from 9 fo 12 atmospheves pres-
sure in o munner hereinafter te be de.
seribed.  The-mixture of high pressure
stemwn and oxygen iz vonducted to g suit-
able retort 8 containing eoke, coal or other

15 suitable carbonaceous material and frém
there the produets comprising largel
Liydrogen and carbon monoxide are passe \
preferably alter suitable purificaiion by
snitable means (not shown), tu a reaction

20 chomber 4 containing suitable ecatalyst

clements. The reaction chamber is pro-
vided with u suitable heat exchange cool-
ing device diagrammatically illustrated ag

o cooling eoil 5 which is supplied with

wafer through z supply pipe 6. The Tee
action products from the reaction chamher

4 comprising largely Lydrocarbons and

steam at low pressure are passed through

a pipe 7 fo a heat exchange device dia-

80 gremmatically indicated as a heating coil
3 which generates steam in s boifer_ 9
supplied wilh water through a feed pipe
10, Stleum generated in fke boiler 9 is
passcd through a pipe 11 to the intake of a

8% sleam injection thermo-compressor 12 sup-

plied with high pressure steam from g suii-

able source (not shown) through a pipe 18,

The high pressure steam output from the

injection therme-compressor 12 iy sup-
plied by & pipe 14 o the pipe 2 for gasifi-
eation of the material in the vetort 3 as

elready described, .

Low pressure steam is generated in the
cooling ¢oil & and is supplied by a pipe 16
te the infake of gn injection thermo-rom-
pressor 15 supplied with high pressure
steam from a suitable source (not shown)
through a pipe 17. The rcsulling high
Tressure steam is supplied to the pipe 2
50 for admixture wilh oxygen and gasifica-

tion of the malerizl in the »etort 3 g3
already deseribed. :

The mixture of condensed stesm and
hydrocarbons issuing from the heating de-

55 vice 8 is passed to any suitable condensing
meaans snd the hydrocarhons are separated
from ‘the water and, if desired, fraction-
ated. -

By way of cxample, the steam gener-
ated in the cooling coil § may have o pres-
sure vf say 7 atmorpheres gange pressure,
To compress ome ton of this steam to a
pressitvs of 10 atmospheres in the coms.
pressor 15 wonld require one ton of steam
at 40 atmospleres gauge to be supplied
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throngh the piges (7. = . - - .-

1t will be understood that any suituble
valves, cocks vr the like may be provided
and any suitable safety devices may be
provided. Moreover, any suitable Sepn- T0
Tabor or separators may be provided for
removing drops of liguid that may be
en.traiueﬁ with the steam especially ~ the
low pressure stomn andjor sny suitably
meany muy be provided for supplying 75
additiona] keat to the low pressure stenm,
Moreuver, means may be provided for
regulating the quaniities of steam supplied
by the beiler 8 and cooling coil 5 and for
venting or by-passing any steam nub
reguired,

Whilst in the furegoing I huve described
with refercnce to one_form uf apparatus,
o preferred method o carrying out the
invention it s {o be understood that 85
varions modifications may be made twith.
out departing from the scope thereof,
Thus, for example, referring to the en
bodiment described the thermo-eompressor
15 could bo supplied with high pressurc
steawn from the compressor 12, Again  if
desirel, the high pressnre stepm iSgUing
from the eompressor 13 cuuld be used fop
generating further steam by heat ex-
change and ‘thiy could be employed for 95
gasification © if " desired  after furiher
injector  thermoe-compression  thereof.
Movevver, stdam  from  the cooling
device 5 dnd’ the miived produets
from the reaction chumber 4 eguld
be led to 2 ‘common injection thermo-
eum&:ressnr and the high pressure mixture
broduced therein conld then be nused for
generating steam hy heql exchange, Fur.
ther, if desired, steam from the boiler 9
eould hs passed bogether with steam from
the eooling deviee 5 to g thermo-compres-
sor supplied with high pressure steam from
a separate source and then could be passed
on to the gasification sfcp. Again the nro-
duets of reaction could be passed to an in-
Jeclion thermo-compressnt, if desired will
steam from the cooling ceil & and eould be
used to producs high pressure gteam in the
boiler 9 which conld be nsed direct] tor
the gasification step -if desireq in admix-
ture with high pressure steam from the in-
jector 15 which Tatter would then be sup-
plied with high pressure steam from a
scparate goures. Aliernatively, if high 120
E-ressure steam ds praduced directly in the

oiler B, it could be used it its Pressnre
is sufliciently High to compress low
sure steam 11 the compressor 15,

Tt will be understaod, of ctirse, that 125
any desired number of thermo-compressory
maly be employed for raising the pressure
of Hu
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W Dressure steem in stuges.
aving uow particalurly deseribed ang
ascertained ihe nature of my saij inven. 180
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tion and in what manner the same iz to
he performed, T declare that what I claim
i

1. A process of syathesising hydro-
carbons, in which coal, eoke or other suit-
able carbonuceous material 1s gasile
under pressure with steam and flle pro.
ducts of gasification are rencfed with
avolution of heat in a water-cooled re-
action ehamber or chambers, including the
step or steps of using low pressure steam
produced Dby heating of the cooling water
andor contained in the produets of re-
netion for the produetion of high pressure
steamn, and using the latter in the gasifica-
tion slcp. '

9. A process as claimed im Claim I in
which 1%{19 pressure of the low pressure
steain produced #fom the cooling water is
raised by injector thermo compression
and the resultamt high pressure steam ia
used directly for gasification.

3. A process as claimed in Claim 1 in
which the pressure of the low pressure
steam produced from the cooling water 13
raised by injector thermno compression and
the resultant high pressure steam is em-

ployed for the production of steam by heat

" exchange,

80 4, A process s clajmed in Claim 3 in
which the pressure of the steam produced
by heat exchange is zaised by injecior
" thermo compression and the resulting
high pressure steam is employed for the
gasificetion step, ) _
5. A process gs claimed in any of the
preceding Claims in which the hot re-
action products are cmployed for the
" generaiion of steam by heat exchange.
B. A process as claimed in Claim 5 in
which. the pressurs of the reaction products
is radsed by injector thermo comypression
prior to the heat exchange.
A process as claimed in either of
(flaims B or 6 in which the pressure of
steam produced by shsorption of heat
from the reaction produets is raised by ine
jector thermo compression and the resuli-
ing high pressure steam Is utsed for the
gasification step. .

8. A process ag claimed in Claim 7 in
which, the high pressure steam 13 mixed
with high pressure steam derived from the
cooling water and the resullant sicam is
used for the gasificalion step.

9. A process as claimed in Claim Y in
which the said high pressure steam is em-
ployed for injector thermo compression of
steam derived from the cooling water. -
60 10. A process as claimed in either of

Claims 5 or 6 in which steam produced by
ahsorption of heat from the reaction pro-
ducts is mized with steam derived from
the cooling water and the pressure of the
85 _product ia raied by injector thermo eom-

10

1b

20

25

50

pression and +he high pressure sieam pro-

Guced is used for the gasification step,
11. A process as claimed in Claim 6 in

which high pressure steam iz prodmeed

divectly by heat absorption from the re- 70

d - aclion products after injector thermo com-

pression thereof and is used directly fur
the sgasification step,

12. A process as claimed in Claim 6 in
which high pressure steam is produced T8
directly by heat absorption from the re-
aetion products after injector therma com-
pregsion therenf apd is wsed for injeetor
thermo compression of steam derived {rom
the cooling water,

13. A process as cleimed in Claim 3 in
svhich low pressure steam prodiced from
the cooling water is mixed with the re-
action. products and the pressure of the
mixture so produced is raised by injector 86
thormo compression, the high presgurs
products being used for generation of
steam Ly heat exchange,

14. A proeess of synthesising hydro-
carbong substantially as deseribed. )

15. Apparatus for synthesising hydro-
cavhons by u tuethod ag elaimed in Claim 1
comprising means for gasifying coal, coke
or other suitable carbonmeecus material
and connceted thereta ons or moze reaction
chambers provided with water-cooling
means, means for ntiliving low pressura
steam produced from the cvoling iater
andfor conlained in the products of re-
action for the production of steam of high 100
pressire and means for passing the latter
to the gagification means.

18. Apparatus as claimed in Claim 15
having means for comnecting the outlet of
the wooling meang to the intake of an in- 105
jection therine compressor and means for
cohneeting the outpul from the latter to
a. gasifiention chamber,
© 17.' Apparebus as claimed in Claim 15
hegving means for connecting the ounllet of 110
the' cpoling means to the intake of an in-
jection thermo compressor and means for
connecting the vutlet from the latter fo o
heat exchange device for the generation
of steam.

18. Apparatus as claimed in Claim 17
inclnding an injestion thermo compressor
for raising the pressure of the steam pro-
duced in the heai cxehange device and
meang for supplying the %.Lig'h pressure 100
steam to o gasification chamber.

19. Apparaius as claimed in any of
Claims 14 to 18 having means for eonnect-
ing the outlet from the reaction chamber
ar gcharohers to a haat exchange davice for 193
the generation of steam,

20. Apparatus as claimed in Claim 18
baving means £6r connceting the outlet
from the resction chamber or chambers to

" the. fntake of an injeetipn therme com- 130

115
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pressor and meang for connecting the out~
let of the compressor to a heat exchange
doeviee for the generatiom of steam,
2L. Apparatus as claimed in either of
5 Claims 19 or 20 having an injection
thermo compressor for raising the pres-
gure of steam produced in the heat ex-
chenge device heated by {he reaction
products,

10 22. Apperafus as claimed in any of
Claimg 19 to 21 having means {or supply-
ing steam produced in the suid heat ex-
change devies to 2 pasification chamber,

28, Apparatus as elaimed in any of

15 Claimy 19 to 22 heving means for mixing
steam produced in the said heat exehange
device with steam devived direotly or in-
directly from the eooling water,

4. Apparatus as claimed in any of

20 Claims 19 to 28 having an injection thermo
compressor for compressing efcom de-
rived from the cooling wuder and means
for supplying to the highk pressure sieam

inlet of said compressor high pressuve
stean produced by heai gbsorplion from 25
the reaction :products, if desired after
compression of such steam.

2D. Apparatus sg eclaimed in Claim 20
having meany for connccting the vutlet of
the covling ineans and the ontlet of the 30
zeaction chamber to a common injection
thermo compressor, .

26, Apparatus as claimed iu Claim 23
baving means for conducting steam de-
rived. from the cooling means snd from 85
the heat exchange deviee to a common
injection thermo eompressor,

27. Apparatng for synthesising hydre-
carhons substantially os deseribed ov as
skown in the accompunying drawing. 40

Duted the 14th day of July, 1939.

. For the Applicant

FRANK B. DEEN & CO.,
Chartered Patent Agents,
saway House,
108, Kingsway, London, 'W.(0.2,

Leamington Spz: Printed for His Majesty’s Stetionery Office, by the Courler Pregs.—I940
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