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COMPLETE SPLCITTICATICON
Process for Producing a Mixture of Carbon Monoxide and
Hydrogen suitable for the Synthesis of Hydro-carbons

We, HrErxpicu KorrErs’ I¥DUSTRIEELY
Masrscmarrry NV, of 334, Hedren.
gracht, Amsterdam, Holland, a joing
Stock Company organised under the laws
of Holiand {Assigness of Heixeicd
Korrens (GRSELLSCHAFT MIT BESCHRANE-
TR Harrrye, 29, Moltkestrusse, Bssen,
Germany, e joint stock eompany organisad
under the laws of Germany), de hereby
declare the nature of ihis invertion and
in whot monner the same iz to he per-
formed, to be particularly deseribed amd
ascerfained in and by the following stale-
nient i —

The invention relates {o the produetion
of a gas suitable amony others [or (he
syiriliesis of hydreearhons from hydrogen-
and earbon monoxides, according to the
well-known Fischer-Tropsch provess, by
the conversion of coke or the like with
steamy in aa intermittently operated
water-gas generator. which suceessively
in one period is hlown list by the iniro.
duetion of uir into the fuel charee, where-
upnn in the next peried the fuel js freated
with steam, therebr water-gas belng
formed.

Br a eanversion of coke with steam in
s normal waler-eas generator, there is
produced s waicr-gas which essentially
consists of o wixlare of earbon monoxids
and hvdrogen in the propeslinn of 1:1
and which in addition tn same alsn gon-
fains eartain amounts of ineets (N, {0,
ete). Such a eomimon water goy iz, how-
ever. not suitabl: for ths production uf
hvdroearbons aceording to - the Fischer
Process. A gas is reguired for this pro-
cess, which eontains carbon monoxide and
hvdregen wroferabls exaetly in the pro-
portion of 1:2. :

Tt order to iraprove the proportien of
earhon monoxide ta hydrewen in the
water gus. it has beon suggested fo intro-
dvice during the run (gasifving period}
hesides the steam also coal distillation gas

inta the water-mas producer. Coal dis
tillation gas -¢ontains as is well known,
always lydeocarbon, <.  mcthane,
cthylene and the like.

Pluse hydroearbons are converted into
bhydrogen sud ¢acbon monexide af an in~
ereased temperature with steam. TFrom
the conversion of methane with steom
there resulis e.g. u gas mixture wihich
contnins earhon rmonoxide and hydrogen
in the pruportion of

1:3(CH, + H.0 =00+ 3H.).

li Is evident that on secouny of the higher
Lydrugen contents of the gasés resulting
from the vonversion of hydrocarbons with
steam, it i3 possible by adding to the
waler grs a definite volume of gases,
resuliing from the conversion ol hydre-
cathons to obiain a gas mixiure in which
the propertion of earbon monoxide and
hydrogen muels the reguivements of the
Fischer Trocess.

This well-known process for inareasing
the proporiion of hydrogen in flhe water
gas possesses, however, the disadvaniage
that tlhe water-gas proeess is deprived of
a considerable smount of heat which
guantity iz necessury Tor the conversion
af hiydreasarhons of the voal distillation
2uz will steam.

It has also been proposed heretofore in
fhe production of hydrogen from paseous
Iivdroearbons or gases containing same,
such 23 coke oven gus, in aun lklers
mitiently operated water gag generator to
burn {he blow gazes in an annulor cham.
ber surrounding the geunerator so as to
return to the regenerator by conduetion =
partion of the heat produred by their
combustion, {he hydroearbons with or
withount stasmy heing passed threugh ihe
annnlar chamher whers 1 13 preheated fo
o slight extent prior to ifs entry intu the
regenerator.
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The priveipal object of the present in-
veation is now to provide an improved
method by which the hydrocarbens con-
tained in cogl disfillation gases may be
conveited infto hydrogen asnd earbon
monoxide by nsing the heat produced in
the water gas generator in such a way,
that the efficiency of the water-gas pro-
cess is nbt decreased.

The process according to the invention
by which this problem is solved, consists
essentially in-that the mixture of steam
and coal distillation gas to be supplied ta
the water-gus generator passes through a
repenerator befora it is introduced into
the producer, which regeneratur is heated
up during the blow peried of the water-
gas producer and serves to pre-heat the
"mixture of sfeam and coal distillation gas
during the run to such a high tempera-
ture, that a pariial cofivorsion of the
bydrocarbons {ekes place with the steam
befors the mixture of gas and steam
enters the water-gas producer, o

Ii is known {or tilise the sensible heat
of the blow gases for heating up the steam
neogesary for the formation of water-gas
in that the blow gases ure led through a
regenerator or another suitable heater
through which fows the steszie during the
run pexiod. A full recovery of the
sengible heat of the blow gases for fhe
walcr-gas process csnnoh, however-- be
oblained in this way. On the one hand-
the hot blow pgases have only the
comperatively low temperature of maxzi-
mum 1000° C. and on the other hand, the
gquantity of steam mnecessary for the
formation of water gas during the run 1s
comparatively swmall, since the volume
proportion of the haf blow gases to steam
is defined by the reactions of the water
gas process, saldl proportion being
essentially invariable. Conseguently, 1t
was hitherto nearly always customary to
utilise in & steam generator (boiler or the
like} the sensible heat of the hot hlow
gases, i.e, the quantity of beal which is
Iell over 1n the hot blow gases after heat-
ing up the steam pre-heates,

This quantity of semsible heab which
originates from, a high-quality fuel which
musi be supplied to the water-gas pro-

- duear is, however, lost for the waler-gas
58 formation., TIi iz evident, thet it will be
copsiderably more economical to generate
steam necessary for the water-gas process
in a continuously heated steam genersfor,
which is charged with an inferior fuel,
60 I.1. with cocke bresze resulting from the
classifieation of the coke tou be freated in
the waier-gas producer.
According to the present invention, the
valuable sensible heat of tha-hot blow
G5 gaser which hitherto was improperly
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yielded, is utilized for pra-heating the
mixiure of sfeam and coal distilletion
gas, which is supplied to the gas pro-
ducer at such a bigh {emperainre, that
an _extensive comversion of the hydro.
carbons takes place with the steam before -
the steam-gas mixture enters. the gas
generator. In the process aceording o
the invention, about 50% of the sensikic
heat of the hot blow gases will be used
for heating-up the steam necessary for the
water-gas formation, whereas the other
80% of the useful sensible heat will serve
for the complete or parlial conversion of
the hydrocarbons with steam. "This con-
vergion produces for example 50% of the
total hydrocarbons. Tt varies, of course,
with the operating conditions existing in
the plant. The sxtensive pre-cunversion
of the hydreoarbons before the sas-steam
mixiure cnters the water-gas producer
increases the water-gas formation tv such
an extent, that the tme of blowing
the water-gas generator need not be
esseniially ulfered from that of o pas
producer normally operated, i.:. without
the addition of ecoal disiillation gas. |

The present invention further relntes fo
an improverent in the thermal efficiency
of the utilization of the hot blow gases for
the conversion of the hydroearbons with
gteam, Tor this purpose the invention
provides for rpising the temparature of
ihe hot blow gases by suitable means, e.2.
by burning the combusiibles which are 100
still ontained in the hot blow gases,
deawn off from the water.gos producer, if
necessary, after the additiun of further
guantities of combustible gases from
othcr sources.

Agcording to our present invention this
heating-up is preferably varried amy hy
arronging burners in a . switable manner
in ihe gae space in the gas generaior or
at another suitable place in the connsc- 110
tion between lhe gas prodwcer and
regenerstor (pre-heater). (as and air
ate advantageously supplied -to the
hurners separately. Tt will be advisable
to make uss of the so-valled eddy hurners,
which on acecovnt of a good whirling of
the combustion media will give a high-
flae temperaturs. '

A further objest of the invention
consists in providing means for the
conversion of hydrocarbons comtaired in
the coal distillation goses with sleam in -
the pre-heater, which is placed before the
gas generator in the way of the pas-steam”
mixture, so thai said conversion is por-
formed as rompletely as pogsible and/or
at temperaturcs as low as possible. N

An object of the invention comaisly in
providing catalysts on #hé checkerwirk :
of tha repenerators in which the mixture 130
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of conl distillation gas and steam is
Lented up. These catalysts will be able

* to uccelerate the said somversion in such
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that the cunversion if completed

8 way,
Tgw temperatures.

at comparatively

As cotalysts are used preferably such.

substances eontaining iron oxide, c.g.
irenr ore in ihe form of magnctite pusle.
The oatalyst can be 2 vantageonsly
distribuied upon the checkerwork of the
regenerator il silica bricks are used for
the upper half of the checkerwork in ease
{he catalyst is employed in the form. of
4 voarse grain.

On the other hand, it iz also possible
o mix the catalyst with the ruw material
from which the checkerwork bricks are
made and then to make from the misiure
the clecker bricks in the msual maumer.
Finally, it is also feasible fo immpregnate
the checker bricks with the eatalyst in a
finely divided lorm e.y- by treating the
brieks with an aguecus or another suif-
able suspension of the catalyst or to
precipitate the catalyst from = solution
on the surface of the bricks,

The technical effect which is ohtained
hy the arrangement of the catalysts upon
the regenerator checkerwork of the water-
was plant is characterised in that on the
n6 hand the conversivn of the Lydre-
carbons Lekes pluce more gompletely with
gleam at @ high temperature usnal hither-
to and that on the other hand {he tem-
perature in  the regenerator muy be
eonsiderably redueed e.g. to about 100-—
200° (., if the some rate of conversion
is to be meintained as 2t high tempera-
tures without nsing catalysts.

Tt i clear that in each cass the arrange-
ment of the catalysts in the regenerater
shows a cousiderable advantage insofur as
the convarsion of the Lydrocarhons takes
already place at o lower temperafure, s0
fhat the heat of the tow-temperature
range which is dificuls to make use of
and which is even useless for the water-
gas reactlan, £an be utilised, whereas the
heat of the high-temperature range may
be made useful to & greater extent for the
waler-gas formation Lhan would be the
cara at the opcrating method working
without « eotalyst, Morgover, there also
resulis from the application of my inven-
tion a lerger yield of waler gas, an
advontageous extension of the Tun in
which iz mude the gas mixtare nseful for
TFiecher's synthegis. .

Pinally, it is also possible to revivify
even during the operation ol the gas pro-
dueer plant the catalysls, provided for in
the regenerator. he cofalysis are
poisoned il & non-desnlphurised gas is
used {crude coal distillation gos or urude
water gas) so thab [he counversion eof

‘the blow gases.

wethane is more slowly earried out. This
poisoning of the catalyst is fivstly counter-
acted in thai a comparatively large
gquantily of catalylic ~subsience 13
gtuated I the checkerwork of the
regenerators. )

1o order to aveid a furiher poisoning
of the catalysts, it is advisuble to add to
the hot blew gases which serve for lLeat-
ing-up the regenerator checkerwork, =
surplus quentity of air before enfering
the regensrator. The oxygen ihus con-
{gined in the hot blow gases efleets a
regeneration of the eatalylie snbatance
by osidising the sulphur absorbed by the
catalyst inte sulphur dioxide. Still
further objects of my present inventlon
may be faken from the following deserip-
tion of a preferred ainbodiment of my
invention,

The aocompenying drawing ghows am
apparatus suttable for carrying inte effect
the process according te My invention
which partly shows o vertical seetion and
alsa o sida view of the plant.

Ag the plant iNustrated en the draw-
ing, a water-gas generator serves for ibe
production of = water-gas. The shell 1
of tha waler-gas geperator is lined in a
wsual manmer with refractory brickwork

" ‘Phe water-gas generator 1 18 sealed a%
the hottow by @ revolving-grate 8, which
is conneeted with an ash collecting trough
4. Ti is pessible to introduce air under-
aeath the perforated cap Ja of the
revolving-grate &, through ihe pipeline
&, which is controlled by a shui-of valve
6, which serves in the usual mannexr for
biowing hot the coke in the gas producer
1 during the blow petiod.

The bLlow guses developed during the
blow peried in the facl hed flow npwards
into the dome-like gas spoce %, of the mas
produeer. _

"A number of air inlets 8 are divided
aver \he circumference of the gas space
7. which by the interconnection of shut-
off valves § are in communication with an
air branch pipeline, whieh again is con-
neeted with the main ajr pipeline 11,
small quaniity of air is introduced into
the gas generalor through the air inlets
8. duting ithe blow peried for the com-
plete. combustion of the combustibles in
By this secondary com-
bastivn, jhe temperafure of the hot blow
gases is further advantageously raised.

Qince the hol blow gases rising upwards
in the gas spuce 7 only contain a very
small proportion of combustibles, @
definite time will be nccessary for the
romplete secondary eombustion of the hot
blow gases, The secondary combustiion
of the hlow gases s going on rather
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slowely -and -therefore comparatively largs
combustion chambers will be required and
fu addifion te same a violent whirling of
the combustion media hag to take placa,
- In view of this fact, the gas spare T of
& gas geyerator has
comparalively large. B
A pipaling 13 leads from, the upper cnd
of the gas produser shaft in the usaal
manner {o the regencrutar 15, which is

. filled with {he refractory oheclcerwork 14,
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Is fitted with a charging

The hot blow-gases flow dewnwards
through the-checkerwork of the Iegeneara-
tor 1b and their useful heal is given off
to the checkerwork, Finally, they leave
the regenerator 15 through tite pipeline 16
which is controlled by the shutnf valve
1%, and then reach the chimney 18.

A closable charging upening 19, which
ing hopper 19a ig
wsually arreuged in the ceiling 12 of the
gas producer sﬁmf{; for filling the coke into
the water-gas generator.

As soon as the fual bed of the water-
gas gemerator has reached the required
temperature by hot blowing, the shut-off
valva § is closed and thug the air suppl
to the water-gus meverator iz inferry ted}.’
Wet steam Is now.-introduced threug]f 1he

ipeline 20, balow tha Tevolving grate,
l}fﬁs wet steam rises npwards in the fugl
rolume and & granulation of the. slag
whick possibly ig molten, takes place,
The steam Inrther serves for the elimfiia-
Hon of the hot blow gases
system. The introduction of
through the pipeline 20 is continnad il
the water-gus producer and the econnecied
regenerator” are washed out.
off valve 17, which governs the admission
to the chimuey is now closed and the
pieams supply through the pipe 20 s
interrmpted. :

- Through tha pipeline 21 connseted with
the regenerator 15 u mixture of steam and
coka-oven gas is now introduced from
below into the regemerator e.g. 1 cu.m.
coal “distillation gas for about 2 kilos
steam. The steam {s lod through {he
pipeline 212 and the eoal distillation @as
will be supplied through the pipeline 275,
The steam-gos mixture rises upwards in
the heated : checkerwork 14 cof the e

_generator 16 and is heated to a tempera.
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fure of about: 1000° (., wherehy .8
vomparatively large propurtion of  the
hydrocarbons from cake-oven

of earbon monoxide and hydrogen.

line 18 in the gas producer 1, and fows

throunegh the fuel charge from the top to -
the bottom, when the steam rencts with -

the heated cokc of the gas producer and
the rest of the hydrocarbons is gplit up,

been designed.

" an explosive gas

from the.
steqm.

The shuat--

: j gas is -
converted with steam with the formation -

The .
fas-steam mixiure then passes the pipe-

Lhrough the slots of the cap 3o in the
revolving pgrate 3 is discharged 2 gas
mixture cssentially consisting of parhon
monoxide and hydrogen in the proportion
of 1:%2, in addition fo amall quaniities of
iverts.  “his ges which can mostly be
used without any further tréatmeni for
the synthesis of hydroearhons .aceording
to the Fischer-TTopsch process flosws
through the open valve 22 intp tho pips
23, which lsads to a collecting wain 94.
The major pext of. the {ust is here
separated [rom the rpaction’ gas. The
gag then goes through the Pipeline 25 into
# scrubher 26, and ij leaves the serubher
through the pipeline 27. o

As soon as the femmerature in the fuel
bed of the gas producer has dropped, the
introduction of steam and coal distilla- -
Hon gas into the regenerator 15 .is inter- 85
rupted, and af the same tme, the shuoi-
off valve 22 is closed. The ehimney
damper 17 is opened and wet sieam will
te blown through the pipeline 20 wnder-
neath the revolving-grate, threugh which
the reaction mas i

70
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80
is nuw driven off from,
the space underneath the revolving grate,
This precaution has #o be taken to avoid
that duzing the following introduction pf
air which serves for the hot blow of eoke, 05
mixiire underpesth the . -
revolving grafe is formed, '

When ths space undernegth (he revoly-
ing grate 3 has been flushed out, the stegm
supply through the pipe 20 is shut off and 100
the valves 6 and 0 are opencd.  Now
begivs the hot blow of the coke in the gns
producer which is followed by a fushing-
out with steam and then by -the Tun
period. . :

For the puiposs of earrying out the
varioms reactions im  the water-gas
generator with an utmost economy, tha

udntity of air which is blown nnderneath :
the tevolving grate § during fhe blow 110 .
perivd is gradually deereased, whilst
vice-varss corresponding to the inerease
of the carbon monexide contents in the
hot blow gas, the quantity of air for ihe
secoudary combustion which is introduced 115
throngh the air inlels 8 in gradually '
raised. On the cther hand, the quantity
of steam and coke-oven gas which s intro-
duced info the regencrator 15 will be
gradually  desreagsed during the T 194
neriod, correspouding 4o the progressive
covling-down of the fucl bed in the water.-
gas generator. ) )

105

The . blow period takes about olle
minute and the run perfod about 3 125
minutes,’ . ; '

As may be seen from {he drawitip, the
bottam 28 of tha fegeherator 13 in lapered
and provided with a closabls outlet 29,

~ through which the dust deposited in the 180
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regenerator 15 can be discharged which
is earried away with the bot blow gascs
from the gas producer.

One may conneet to the eeiling of the
vegeneralor 15 a pipeling 81, w aich is
governed by & shut-off valve 80. This
Tinc 41 leads directly to fha chimney 18,
At a standstill of the gas producer plant
and during the heatiog-up operation, the
pipeline 91 is opened, so thed the full
chimney draught by avoiding ihe up-
wurds flow in the regeaerator 1H may ael
upon the water-gas generstor.

Tinally, it may be mentioned that the
{nlets § for the secondary corabustion air
can advantageously alse be arranged at
the cirenmference of the connecting pipe
13 belween the mas producer amdd the
remenerator. The connecting pipe 13
then has preferably the sectior of &
venturi tubs, so that a good mixing
through of the hot blow gescs with the
epcondary combustion air is warranted.

The temperaiure in the regenerator 15
ean also be increased in an advantageous
manner. At the eireumference of the gas
rproducer 1 a number of openings 40 will
be arranged, which preferably are dis
posed between the air opemings 8. The
ovenings 40 can also be cguipped as eddy
hurners. Combustible gases e.g. coal
distillation gas. may he infroduced
through the pipeline 42, controlled by the
valva 49, icto the openings 40,

Gas is introduced through the burner
openings 40 Auring the hot hlow period
of the zas producer. The auanlity of gas
and the air admitted through the open-
ings 8 is suitably so adjusted, that a
certaln amount of air is in excess. TFhis
excessive uir serves for the complete
combustinn of the combustibles in the hot
blow gases, heing produced in the gas
praduner shaft,

As soon as the blew period of the gos
producer is finished, the admission of gas
to the burner 40 is stopped.

1 dewsired, the nrrangement shown on
the drawing also engbles fo renounce to
an additional heating=up of the hot blow
gases, in which ease the openings 40 are
rleo snpplied with air. Under certain
cireomstances it -7z alse possible only lo
supply a parg of the burnexs 4} with com-.
bustion was and to nse another part of the
openings 40} as aix nozzales.

Generally, the adjustment of the
supply of gag or air through the openings
40 depends upon the tewperature whieh
has 3o ba ohtained in the regenarator 18,
coupled with the gas producer.

Togtead of providing the burner open-
ings 40 al the circumference of the gas
producer shaft, these openings may also
be arranged st the eircumference of the

connecting channel 18 or, if neeessary,
alse in tiie dume of the regemerator. In
any case, it is essenlial thap the addi-
tional combustion as well us alsa the
secondary combustion of hot hlow gases
before 1he combuation preducts enter the .
checkerwork of the regenerstor is com-
pleted, so thei the surface pombustions nn
the checkerwork are climinated and ilius
troubles ta the refractory materials in the
regencralor arve avoided,

The burners 40 ean be supplied either
with a pas of a high calorific value e.g.
coal distillation gas or with lesn gas, e.g.
producer gas,  In the labter case, it is
ndvisable to wubject the heating gus to a
prelieating, so as to obtuin the neeessary
high temperaiures of the hot blow gases.
The residual gas which is made at the
synthesis of hydrocarbons secording ta
Tischer Tropsch. is espacially suitable for
heating the burners.

Sald residual gas consisis under normal
ponditivns of npon-condensable hydre-
carhons (methane or the like) and non-
vonverted hydrogen, carbon monaxide,
parbor  diexide, nitrogen and other
admixtures, and il ghews a very high
calorific valne, ~

By an increase of the temperature in
the regenevator which is obtained by
using the burners 40, the mixture consist-
ing of steam and coal distillation gas is
brought to a higher {emperature in the
regeneralor, whershy the hydrocarbons 100
contained in coal distilation gas are more
complefely converted, before the pas
steam mixlures enters the water-gas pro~
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_dueer and thus ihe water-gas yield, bascd

on the volume unit of the water-gas 105
machine, iz advantageousty increased.

Tn this way, one may further extend the

run period of the water-gas producer by
which is obtained s considerably greater

@as eapavity of the total installation. It 110
is e.z. possible to extend the run period

to 4---5 minutes against 3 minutes which

is usual at the first described kind of
carrving  oat  the invention. The
capaeity of the total plant for the produe- 113
tion of synthedls opas is thus propor-
tionally ihereased withont an extension to

the apparatus.

The present invention Thas Theen
described op the lines of a preferred 120
emhodiment thereof, but in no way is vur
invention limited to the made of carrying
out as deseribed and shown. and it may
he varied within the seope of the follow-
ing elaims.

Having new particularly desczibed and
ascertained the natore of nur said inven-
{ion and in what munner the same is to be
performed, we declare that what we cleim
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