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PATENT SPECIFICATION
Convention Date (Germany) . Mcm_:h 10, 1930.

Clomplete Specification Accepied : Jan. 7, 1932.
COMPLETE SPECIFICATION. '

' Process of and Apparatus for the Production of Gas of High
Caloritic Power, and By-products, by Gagilication with
Oxygen under Elevated Pressure.

We, METATTGESELLSCHATT  AETIEN-
guspLecumarr, of 45, Bockenhelmer An-
lage, Frankfurt-on-the-Maiu, Germany,
& Corporation crganised vrder the Taws of
Gormany, do hereby declars the nabure
of this invention and in what manner the
same is to be performed, to be parficu-
lurly deseribed and sscertained in end by
the following statement:—

This invention relates to a proness for
the production of gds of high calorific
power by gasification with oxygen under
olevated ypressures execeeding 3 atmo-
gpheras and preferably about 10 to 30
ahospheres.

For the production of & high-power
%as—that is {0 say, & gas of higher calori-

e power than ordinery producer gas—it
has recently besn proposed to effect ihe
gagifleation by means of oxygen, and to
fmprove the crude gas by catalyiic hydre-
carbon. reactions and washing out the inerd
carbon, dioxide. For remote supply, this
gas must be compressed fo the tequisite
pressure afber purifieation to remove sni-
phurctted hydregen snd the lke, unless
such compression has been effected prior
to the jmproving freatment. The pro-
duetion of high-power gas in this monner,

. however, is itended with technical and

economic difficulties which sre mainly
gttributable to the exieting Iinadequate
output capaeity of the proposed apparstus
and procisses, the cost of the neeessary
axygen, the expense of compresiing large
volumes of gas end the difficuly of con-
trolling the tempersture conditions the
bed of fuel, so that, up to the present,
nothing is Jmown with regerd to the
currving out of these proposals on 2 toeh-
nical scele.

Tn order io obviate these diffsulfies, the
process of the present invention gasifies
the fuel by inlreducing oxygen or air
enriched with oxygen eomtinuously into
the fuel bed under 2 pressure of several
-atmospheres together with sueh quantity
of steain that the gas produced.contains
4 maximum proporiion of hydrogen and
methans, 'The working pressire depends

[Brice 1{-]

on the quelity of the gas which is desired
and it is possible to produce a ges contain-
ing 26% of methane and more by increas-
ing the pressure to sbout 40 atmospheres.

Types of gas producers, designated
high-pressure producers, sxe knowin, buf,
unlike the invention, these do mot work
under such conditions ss fo produce sub-
stontial amounts of mncthone, On the
contrary, they serve for the gesifieation of
small coal with blash preszures up to about
700 mm, water-gauge. The positive pres-
sure is meinly appiied for the purposs of
penetrating through the column of coal
in tha producer, snd the resulting gas is
of the ordinary pressure. Although re-
cent proposals refer to the pressure gasi-
fication of semni-coke with steam, this pro-
cess i ottended with difficulties which
canoot be overcome by the means af pre-
gent available in the ar, since ib s essen-
tial, for the continuous parformance of the
endothermic walbcr-gos reastion, to supply
heat, the provision ol which, by super-
heating the high-pressure steam’ to tem-
peratures exceeding 600° C. is technically
impracticable. . -

Tt haé aleo beén propuscd io perform
the gasification 'process, ab the highest
practicable jemuperstures, with dry air, or
sir with the smallest possible addition of
stewtn, as gosifying agent, wud uwnder such
crassed pressure thaé the influcnce of
pressurs and high temperature produces
axlonsive cracking of the far combained n
the fuel, smd converts it inbto gneeous
hydrocarbons. DBy this means, the calori-
fic power of the gas is clightly increased
aud the formation of condensable consti-
tuents, such e ar, oil, and the lils, pre-
vented.

Por remote- or urban gas supply, how-

ever, this process eannot be considared,
since neither the calorific power nor the
composition of the gas, nor, in pachicular,
its spocifie gravity, or eontenb of hydro-
gen and cathon monoxide, ore sufficient
for these purposes.

Turtherfnore it hos bheen proposed io
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ties with oxygen and steam under cle-
vated pressurc and sueh conditions as fo
produce o pure mizture of hydrogen and
carbon monaxide for the synthesis of
orgenie compounds, such mixfure how-
ever eontaining no methane.

On the other hand, a pas of vary high-
grade quality and rieh in hydrogen and
methane is obtained by gasifieation, unier
elevated pressure, with oxygen, or air en-
riched with oxygen, aud a coplous addi-
tion of steam, { for instance in the pro-
portion of § to 10 volimes of skeam per
volume of oxygmen) in accordance wilth the
present invention.

Thos, it has been possible when work-
ing ander a pressure of 35 atmospheres,
to produce a gas, swhichk, affer elimingtion
of carbon diexide, contains aboul 20% of
methene and having # culorific value of
more fhan 4800 calories per cubic metrs,
by compiete gasification of anthraeite and
bituminous coals.

The process of the invention cperstes,
for example, in the following manner;

The gosifying mediom admitted into
the producer consists of oxygen under
pressure, to which, zeecording fo the in-
vention and confrary fto the, ususl prae-
tice, steam i added in such guunbities
that the fixed egrbon of the fuel is con-
vorted lo 2 cousiderable exztent infio ear-
bon dioxide and hydrocarbons and that
the reaction temperature is lowersd in
such a mavmer that the diffieulties with
ragard to the structural muberial of the
gesifieation shalt and the elinkering of
the gasification residue ava entirely ob-
viated. Moreover, the seid sicem can be
snpplied at o supcrhest of about 450°
C., which is easily attained in practics,
Binee the admission pressure of the guui-
fying medium is' very high, preferably
10 Lo 80 atmospheres, the necessity for
comnpressing the resulting gas any further
for the purpase of remote supply snd puri-
fieation (such ss washing out the carbon
dioxide) is obviated, o compression ig
needed, both the steam and oxygen re-
quired for the gasifieation being obtain-

.ahle, without any considerably incressed

axpense, under the pressure at whick they
ave employed aceording to the invenbion,
On the other hand, in all the cristing pro-
eesges furnishing gas for remote supply,
the resulbing gas—the volume of which is
56—~ times that of thé oxygen employed
as gasifying agent—must be compressed—
before or after purification-—$a tha ra-
quisite degree. Eeonamical gasiication,
with oxygen has, for the fifst bins, been
rendered possible by the- ecomomy which
the new process efiects by dispensing -with
any further compression and by the

85~ eeonomy in oxygen due to the exothermic

nature of the inetbsne-formation reao-

tiom.

The reaction under high pressure hag
a further advantageous efiect in that it is
atbended with a substantial inereasze in the
throughput. For a given grain-size of
fuel, the preduction of dust snd the risk
of Jocal erupbions of gas in the producer
is kmown to be propertional to the square
of the velocity, and direclly proportional
to the specific gravity of the gasifying
agent, and therefore with fereasing gasi.
Hieation pressure, (In contrast fo the usual
gosification woder approximately atmo-
Epheric. pressure), the cross-sectional load
can elsc be increased in proportion with
the square raot of said pressure, so that—
quite irrespective of fhe jncreased output
alveady wendered possible through gasi-
fication withk oxygen—the throughpui of
fuel ean aiso be inefepsed, for example by
about 3.8-fold in the case of gasifieation

‘under a pressure of 15 atmospheres.

Moraover, the methane-formation reuc-
tion may be substuntially accelerated by
udding catalytically aective snbstances
such as metals or metal axides to the fuel.
A partieulwly advaniageous  feature,
however, s that the formabivn of carbon
monoxide is lessened, by the low pasifien-
tion temperature and the sffect of the high
pressure, in favour of the formation of
carbon dinxide and methone, so that the
final gas conbains the desired low propor-
tHony of emrbon monoxide, whilst the inerk
carbon dioxide can be easfly removed by
the aid of known methods. This & the
mare feasible inasmuch ag the gas blown
in aceordence wifh the present invention
is produced with the pressure nesded for
thig process of eliminating eerbon divxide,
and the compression vtherwise reguired is
therefore superfiuous. At the same time,
the amount of oxygen needed per cubic
metre of gag produced, decreeses as the
préssure increases.

Thic gas furnished by the process of the
present ‘invention cen ha smubjectad direct
to any convenienbt processes for purifica-
tion and ‘improvement, the perforrnance of
whith processes Is substantially facilitated
aod sccelerated by the pressura already
existing, - This epplies for exawple, for
the sbuvementioned washing oub of earbon
dioxide, moreover for the employmens of
the Bahatfer msthane formation reaction
the 'piification from sulphur and the
coudensation of the benzene hydresarhons,
By gasification under elevated pressure,
the present process enables even inferior
fuels—mpoor i gas—such as brown-caal—
ta be converted info a high-power gns nor-
responding to coal gas in point of densify,
calerific power and low content of car-
bon monoxide, for exampls 189% CO,
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When operating in accordance with the
present invention, it is necessary, n order
{0 avoid any loss of gas, for the fuel o be
gagified to be infroduced into the gasify-
ing chamber with the aid of special de-
vices. 'To this end, a lock.chamber is
provided, into which the fuel is infro-
duced, the chamber being then closed and
the internsl pressure raised to that of the
gagification chamber by meens of the sur-
plus cerbon dioxide from the prosess it-
self, orjand by steam, or similer means.
The fuel ie then fransferred from the lock
to the gasifier, and communication be-
fween the lock and gasifier is again inler-
rupted, for the purpose of introdueing a
fresh ‘chargs. For very muoish fuels, the
charging lock oan alsn be designed in
sueh & mammer that the fuel can be dried
therefn, in ¥mown menner, by the direct
introduetion of  high.pressure steam.
Similarly, the discherge of the gusifica-
tion residue can be effected with the aid
of & lock, ar by flushing. The gas pro-
ducer itself in designed, in the usual
muaper, o8 & Ined cylindricsl shaft,
with or without mechanical ash-handling
applisnoes, and, notwithstanding the
high pressure, is of relafively large -eross
soction, sinee, owing o the lower gasi-
floation  temperatures employed, the
glresses to which the shell of the pro-
duoer is exposed, can be kept within tech-
nicaily contzollable Iimits.

In order more clesely to understand the

invenfion reference is made fo the aceom-

pamying drawing which flustrates o cross-
sechion of & gas producer which is par-
fieularly suitable for ocamying out the
hereindeseribed process.

In said drewing, 1 denotes the wall of
snbstantial thickness, of the gas producer
which js lined with refractory material
2, 8 denotes the charging hopper sitnched
$o the op of the casing and 4 is & lock
for discharging the sshes. The colunmm
of fuel in the gas produesr is carried by
a stationary tabls & on which is secen-
frically mounted an agitating or displac-
ing member 8 keyed on a shaft 7 passing
up through a stuffing hox 8 into the gas
producer.  The shaff end displacing
member 6 can be set into robation by a
warm driven 11 and the eccentric move-
ment of the displacing member 6 thus
forces the residues of gasificsdion corve-
sponding %o the speed of the shaft eon-
tinnousty over the edge of the table 5.
Tn order to velieve the shaft and stuffing
box from laters] stresses, the upper emd
of the sheft of displacing member § is
momnted in a bell race @ hearing sgainst
the table whilst the lower end of the shaft
is mounted in a fthrust-besying 10.  'Whis
hesring is so constructed that the weight

v

of “the fuel column and the pressure due
to ths infernsl pressure in the gasifica-
tion zone sre transmitted axially through
the chaft direct on to the bearing. Dis-
charging plates 12 ure mounted on the
shufl in the gasification chember and are,
on rotation of the shaft, adepled to com-
vey the ash residues beyond the edge of
the table to the outlet device 4. The pasi-
fyng medium is supplied through e con-
duit 13. In order to lead air and slcem
Jivect o the inner part of the fuel
eohmon, channels 25 age provided in the
connection between, the chaft und the dis-
placing member & through which chan-
nelg the gasifying medium passes beneath
the displacing member and from thonoe
flaws into the fuel eoluron. The gas pro-
duced i removed Irom the gas pro-
ducer by the hranch 1d.

The conmeckions 15 and 16 serve fov
introducing steam, weber or ges info the
charging hopper '3 and the lock chamber
4 The chaargin‘%l hopper B is closed ex-
ternally by s lid 17 and internally by o
cone if. © The Tower sesl 4 iz likewise

“¢losed ‘externally #nd internally by the

1d 20 sod ooms 09 respeclively. The
fuel to he gasified is charged: inbo the
hopper 3 with the lid 17 open and the cone
18 closed.  After -closing the Ld 17, the
hopper-is brought up by moens of the
conduit 15 using for axemple steam, bo the
internal pressure of the gas producer.
On opening the cone 18 the fuel fallg inte
the gasilying -chaember and stter closing

.the eome 18 the pressure. in the hopper

chamber iz relieved through the branch
15 to atmospheric pressure abd after
opening the 1id 17 the filling process can-
be renewed. The discharging of the gasi-
fieation Tesidues through the lnck cham-
ber 4 is cffected in an snalogous mennet.

If, where high power gas of &’ desired
composition is ‘to be prodused, very high
pregsures are 6 be employed, ntarmittent
gasificetion niay be prefcrred fo this con-
finuous operstion. For this purpose, the
pressura -in ke gasificabion chamber is
relioved "whem #he reactién has terminated,
the residue is Bvacusted, wnd the chamber
is recharged with fusl. Under these con-
ditions, the provision of double locks msy
he omitted. o

The pressure under which the gasifica-
tion procesds peed nok, of course, corre-
spond to that in the remote-supply mains.
Thuse, in some cases, it may ba preferable
to gesily wnder s higher pressure of 50
stmospheres of more, H this emables o
high power gas to be produred which will
have the desired composition after the
varbon dioxide has been washed ovt. The
surplus pressure emergy can then be
utilised, to advantage, for driving the
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auxiliary machines requived for carrying
ont the process. Conversely—baking the
process, a8 & whole, Info considevation—
the pressure in fhe gas producer may be
kept somewhat Iower than iz neesded for
tha further application of the gas, and
mey bo incrensed, by stages, dircetly
after, or between, the several operations
of purification and improvemant.

- Having now parflculirly deseribed and
agsecriained the nabure of our swid inven-
tion and in what manner the same is to be
performed, we declave that what we
elaim is:—

© 1), A process for the production of gas
of high calorific value by gasifying fuels
with oxygen and steam ab o pressure of
several atmospheres, in which the condi-
{ions of gasification namely pPressure, tem-
perature and quanlity of steam are so
selected that substantial amounts of
methane are formed.

2). Process as sel forth in oluim 1, iIn
which the gaz produced is divestly sub-
jected under its own pressuvs to improv-
ing or puorifying processes, such as wash-
ing oub the carbon divxide aod conden-
seble hydeocarhons and catalytic conver-
sion reactions.

8). Process as sat forth i claimg 1 and

2, in which the expansion of the ges which

is produccd uinder pregsure prior to o
witer carrying oub the Further stames of . -
. the trastment is utilised for the geners-

- fion of pover required for the process.

4). Process as set forth i claims 1 {o
8, 1o which additional substances having
catalytie action are added fo ths fuel.

' 5). The process for the production of
gas of high calorific power, substaniially
a3 deseribed. .

6).- Apparatus for carrying out the pro-
eesgsat forth in elaims 1 to 8, eomprising
4 vertical gosifieation shafb with & doubly

" 'sealed lock chamber for the introduetion

of the fuel and 2 similar chamhber for the
disehargs of the ash, and pipes for infro-

dneing steam, watcr or gas mbo the said

leek ¢hambera.

7). Apparatus for carvying out the pro-
cess set forth in claims I to 6 comprising &
table supporting the colurnn of fuel-in the
Iower purb of the gas producer, a rotaking
shaft to which said fable o members
adapted to remove the ash above said table
are secured and awms adaphed to discharze
the ash tp a lock chamber, said arms he-
ing also secured to said shafh and loeated
helow said {able. _

8. The spperatus for {he production of
gas of high caiorific powsr, constriched,
arranped and operatipg substantially as
fdescribed with referemce to the accom-
panying drawings.

Dited this 23rd day of Februavy, 1931.
2 ATBERT . MOND,
" 19, ‘Southampion Buildings,

hancery Lene, London, W.C.2,

i Agent for the Applicants.

Abingdon.: Prinfed for His Mejesty’s Statioisry Office, by Burgoss & Son.

[V, 8030.—80 /1 /1939.]
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[ This Drawing is a.reprodeaction. of the Ordginal mmm‘meuz seale.]

Malby & Song, Photo-Lith.



