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COMPLETE SPECIFICATION.

Improvements in the Preduetion of Goscons Mivtures of
Hydrogen and Ritrogen,

We, TeE Power-Gas CoRPORATION
Livreep, a British Company, of Parkfield
Works, ‘Stockton-on-Tees, County Durham,
do hereby declare the invention, for which
we pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly deseribed in and
by the following statement :—

This invention relates to improvements in
the production of paseous mixbures of
hydrogen and nitrogen and especially to the
produciion of a hydrogen-containing. gas low
in: methane with & conirolled nitrogen
content, for example, ammonis synthesis gas,
from fuels containing appreciable quantities
of volatile matter, such as bituminons coal,
lignite, brown coal, peat, wood or vegetable
rafuse,

Aramonia synthesis gas is ususlly made
from coke, The coke may be subjected to
the water gas and producer gas reactions and
the resulting water gos and producer gas
mized together. Alternatively the coke ray
be subjected to a water gas process suitably
modified] to yield a2 gas with a controlled
nitrogen content. If similar processes are
employed with fuels of high volstile content
the resulting gas will contain appreeiakle
quentities of methane and in any event the
water gas process iy not economically
adsptable to many fuels of high volatile
content.

It has previously besn propossd.to prepars
prodincer gas from such fuels and. eplit this
prodiwer gasinto two stvosms,  Che of these
streams s used as the reducing gas in the
steam-iron hydrogen process, thus yielding
hydrogen low in methane and cantaining
carbon. dioxide, carbon monoxide and, nitra-
gen 28 impurities : the other stream is sub-
jected fo the water gas shift reaction to eon-
vert the bulk of the carbon monoxide ta
carbon dioxide and the steam to hydrogen

[Price 25. 8d.]

according to the reaction CO--H,0=
CQ,--H, and after the removal of the bulik
of the carbon dioxide the remaining gas is
mized with the hydrogen from the steam-
fron process in such proportions as to yield
the required hydrogen-nitrogen ratio, the gas
being finally prrvified by known means. - By
this method whilst the hydrogen from the
steam-iron progess is low in methane, the
hydrogen-nitrogen. mixture from the seeond
stream of producer gas made by the water gas
shift reaction may contain appreciable
quantities of methane. This either ealls for
special purification of the synthesis gas or
entails a reduction in the efficiency of
ammonia production due to the purging
neeessary for the removal of the methane
from the cireulating gases,

Aecording to the present invention, there.
fore, a process for the production of a hydro-
gen-containing gas. low in methane but eon-
taining nitrogen by the gasification with air,
with: or without steam and with or withount
oxygen addition, of solid fuels containing
appreciable quantities of volatile matter is
provided in whick the gasiflcation of the
solid fuel is effzctsd in two zones or stages,
the gagos produced in the zome or stags in
which the foel still retaing a significant
portion of volatile matter being then utiliged
to effect the reduetion of iron oxide in a
steamn-iron. process wherenpon the reduced
iron oxide is. freated with steam to produce
2 gag rich in hydrogen. and substantially
fiee from methane or nitrogen, and the gases
praduced. in. the. zone or. stage ju. which the
fuel has been substentially deprived of its
content of volatile matter being obteined by
the action of oxidising gas containing
nitrogen and being then subjected to ths
water gas shift reaction and theresfter mived,
before or affer removal of carbon dioxzide,
with the aforesaid gas rich in hydrogen in
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such relative proportions as-to give the
desired nitrogen-hydrogen ratio. ’

The invention will he more elearly under-
stood by referemce to the accompanying
drawings which illustrate two alternative
methods of carrying it out.

In Figure 1 a producer 10 is provided with
two outlets so that some of the “true™
producer gas made from devolaiflised fuel in
the lower part of the producer passes up
through the desesnding ifnel, which is intro-
dneed at the top of the producer, providing
the necessary heat for distillation, the resnlt-
ing mixture of producer gas and distillation
gas being taken off at the top of the generator,
whilst 2 second stream of producer gas is
drawn off at 4 lower level so that it is nob
contaminated with distillation gases fo any
appreciable exient. The mixzed producer
¢ag and digtillation gas from the top outlet
is used 2s the reducing gas in a steam-iron

hydrogen plamt 11, thus yielding hydrogen

low in methane. The producer gas from
the lower outlet will have a low methane
content and this is subjected to the water gas
shift reaction in the carbon monoxide
conversion plant 12 and can he mized, cither
before or after the removal of the bulk of the
carhon dioxide, with the hydrogen from the
steam-iron process to yield a mixtare low in
methane which can be purified by known
means to yield a gas suitable for ammonia
synthesis or other purposes reguiring essen-
tially a hydrogen-nitrogen miximre of con-
trolled nifrogen content and low in methane.

In an alternative method of carrying out

the present invention shown in Figure 2

producer gas is made from volatile-containing

fuel which is introduced into the top of
producer 18, and this producer is operated so
that the fuel is not completely gasified. the
rezsidue removed from this producer, com-
sisting of carbon and ash, heing nsed in a
second producer 14. The gas from the fizst
producer 13 is nsed as reducing ges for the
production of steam-iron hydrogen in a
steam-iron hydrogen plant 15 whilst the gas
fromt the second producer 14 will yield a
producer gas low in methane and this ean be
subjected to the waber gas shift reaction in
the carhon monoxide conversion plant 18 and

-mixed with hydrogen as deseribed above.

‘There ‘may of course he oame secoud
stage producer opersting in conjunction with
more than one first stage producer.

If the fuel is suitable for water ges manu.
facture, then aceording to the present inven-
tion & mixed water gos and distillation gas
can be produced for use as & reducing gos in
the steam-iron hydrogen plant. A second
gas containing appreciable guentides of
nitrogen cen be made from the develatilised
fuel in the lower part of the generator during
the normal blow period of the water gas
generator or during the run period by using

a mixture of air and steam, and can be drav
off at a lower level.

Alternatively, the water gas generator may
be operated to produce 2 mixture of water
gas and distillation gas and sufficient earhon
may be withdrawn from the ashes that this
ean e ansifiad it cenevniay aperating
on the producer ges process to yield o gas
with appreciable guantities of nitrogen and
low in methane. This latter gas after being
subjected to the water gas shift reaction can
he mizxed. either before or affer the removal

T a ANl g

" of the tlk of the carbon dioxide, with the

hydrogen from the steam-iron hydrogen
plant.

What we claim is :—

I. A process for the production of a
hydrogen-containing gas low in methane but
containing nitrogen by the gasifieation with
air of solid fuels eontaining appreciable
guantities =2 wolatile matter in vhich the
gasification is effected in two zones or stages,
the gases produced in the zone or stage in
which the fuel sifll retains a significant
portion of volatile matter heing then utilised
to effect the reduction of iron oxide in a
steam-iron process whereupon the reduced
iron oxide is treated with steam to produee a
gas rich i Liydrogen and snbstantially free
from methane or nitrogen, and the gases
produeed in the zome or stage in whieh the
fuel has been substantially deprived of its
content of volatile matter being obtained by
the action of oxidising gas eontaining nitrogen
and heing then subjecied o the water gas
shift reaction and thereafter mixed with the
aforesaid gas rich in hydrogen in such relative
proportions as to give the desired nitrogen-
hydrogen ratio.

2, A process as daimed in Claim 1, in
which the gasifieation is effected in the
presence of steam.

3. A process as claimed in Claim 1 or 2,
in which additional oxvgen is present during
the gasification of the solid fizel,

4. A process as claimed in Claim 1, 2 or 3,
in which the gas which has been subjected to
the water gas shift reaction has the carbon
dioxide removed hefore heing mixed with
the gas rich in hydrogen.

5. A process for the production of a
hydrogen-conizining gas low in methane but
confaining nitrogen by the gasifieation with
steam of solid fuels containing appreciable
guantities of volatile matter in which the
gasification is effected m two zones or stages,
the mixed water gas and distillation gas
produced in the zone or stage in which the
focterilirevaing a siunifent prvtion of volatile
maiter beinz then untilised to effeet the
reduetion of ivon oxide in a steam-iron process
wheretpon the reduced iron oxide is treated
with steam to produce a gas vich in hydrogen
and substantially free from methane or
nitrogen, and the gases produced in the zone
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- period of the water

or stage in which the fuel has been supstan-
tially deprived of its comtent of volatile
matter being obtained during the normal blow
gas generator and heing
then subjected to the water gas shift reaction
and thereafter mixed with the aforesaid gas
rich in hydrogen in such relative proportions
as to give the desired nitrogen-hydrogen
ratio,

6. A process for the production of a
hydrogen-containing gas low in methans bt
containing nitrogen by the gasification with
steam of solid fuels containing appreciable
quantities of volatile matter in which $he
gasification is effected in & water gas genera-
tor, the mixed water gas and distillation gas
produced in this generator from fuel which
still retains a significant portion of volatile
matter being then utilised to effect the reduo.
tion of iron oxide in a steam-iron Process
whereupon the reduced iron oxide is trested
with steam fo produee & gas rich in hydrogen

and substautially free from methane or
nitrogen, and the devolatilised fuel obtained
from the water gas generator being subjected
to the producer gas process in a second
generafor fo yield a gas with sppreciable
quantities of nitrogen and low in methane
which after being subjected o the water gas
shift reaction is mixed with she aforesaid gas
tieh in hydrogen in such relative proportions
as to give the desired nitrogen-hydrogen
ratio. ,

7. Process for the produstion of s hydro-
gen-containing gas low in methane, bt eon-
taining nitrogen, substantially as hersin
described with reference 0 and as flustrated
diagrammatically in  the acecompenying
drawings.

W. P. THOMPSON & CO.,
12, Church Street, Liverpool, 1.
Chartered Patent Agents,

PROVISIONAL SPECIFICATION.

Enprovements in the Production of Giaseous Mizinres of
Hydrogen and Nitrozen.

We, TmE Powrr-Gas CoRrorATION
Lourrep, a British Company, of Parkfield
Works, Stockton-on-Tees, County Durham,
do hereby declare this invention to bo des.
eribed in the following statement :—

This invention relates to improvements in
the production of gaseous mixtures of bydro-
gen and nitrogen and especially to the Pro-
duotion of a hydrogen-containing gas low in
methans with a controlled nifrogen eontens,
for example, ammonia synthesis gas, from,
fuels containing appreciable quantities of
volatile matter, such as bituminous eoal,
lignite, brown. cosl, peat, wood or vegetable
refuse. .

Ammonia synthesis gas is usually made
from coke. The coke may be subjecied to
the water gas and producer gas reactions and
the resulting water gas and producer gas
mixed fogether, Alernatively the coke may
be subjected to a water gag process suitably
modified to yield a gas with a controlled
nitrogen content. If similar processes are
employed with fuels of high volatile content
the resulting ges will contain appreciable
quantities of methane and in any event the
water gas Drocess is not economically
adaptable to many fuels of high volatile
eontbert.

1t has previously been proposed to prepare
producer gas from such fuels and split this
producer gas into two streams. One of these
streams is msed as the reducing gas in the
steam-iron hydrogen process, thus yielding

hydrogen low in methane and containing
carbon dioxide, carbon monoxide and nitrogen
as impurities : the other stream is subjected
b0 She water gas shift reaction to convers the
bulle of the carbon monoxide to sarbon
dioxide and the steam to hydrogen according
to the reaction’ CO+H,0=C0,+H, and
after the removal of the hulk of the carbon
dioxide the remaining gas is mixed with the
hydrogen from the steam.iron Process in
such proportions as to Field the required
hydrogen-nitrogen ratio, the gas  being
finally purified by known means. By this
method whilst the hydrogen from the steam.
iron process is low in methane, the hydrogen-
unitrogen mixture from the second strear of
producer gas made by the water gas shift
reaction may contain appreciable quantities
of methane. This either calls for special
purifieation of the synthesis gas or entails a
reduction in the efficiency of ammonia
produetion due to the purging necessary for
the removal of the methane from the ciren.
lating gages.

According to the present invention, there-
fore, a process for the production of a hydro-
gen-containing gas low in methans but con-
taining nitrogen by the gasifieation with air,
with or without steam and with or without
ozygen addition, of solid fuels containing
appreciable quantities of volatile matter is
provided in which the gasification of the solid,
Tuel is effected in two zones or stages, the
gases produced in the zone or stage in which
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the fuel still vetains o signiffesnt portion of
volatile matter being then wtilised to eff-et
the reduetion of iron oxide in a steam-iron
prosess wherenpon the reduedd iron axide is
treated with sieam to produge o gas rich in
hydrogen, and substantially free ivom
methane or nifrogen and the gases prodaced
in the zone of stage in which the focl has been
substantially deprived of ifs content of
volatile matter being obfained by the action
of oxidising gas containing nitrogen and being
then subjected to the water gus shifs reaction
and thereafter mized, hefore or after removal
of earbon dioside, with the aforesaid gas
rich in hydrogen. in such relative proportions
as to give the desired nitrogen- ydrogen
rabio. |

This may be aceomplished by means of the
present inveation by providing a producer
with two outlets so that some of the * true ”
producer gas made from devolatilised fuel in
the lower part of the producer passes up
throngh the descending fuel providing the
pecessary heat for distillation, the remuiting
misture of producer gas and distiliation gas
being taken off at the top of the generator,
whilst a second siveam of producer gas is
drawn off at a lower level so that it is nos
contaminated with distillation gases to any
appreciable estent. The mized producer
gas and distillation gas from the top outlet i3
used as the redueing gos in a stzam-ieon
hydrogen plant, thus yielding hrdrogen low
in mothane. The prodmeer gas from the
Jower outlet will have a low methane content
and. this is subjected to the water gas shift
reackion and ean be mixed, either hefore o
after the removal of the bulk of the earbon
Moxide, with the hydiogen from the steawi-
iron process bo yield a mixture lo in mebhasne
which can be purified by Lnown means to
vield & gas suitahle for arnmonia synthesls or
other purposes requiring essentizlly a hydro-
gen-nitrogen mixfure of eontrolled nifrogen
content and low in methane.

Ta an alternative method of earrying out
the present invention producer gus is made
from volatile-containing fuel and the produesr
is operated so that thoe fuel is not compietely
gasified, the residue vemoved from the pro-
ducer, eonsisting of carbon and ash, being
nsed in a second producer. The gas from
the first produeer is used as redacing gos for
the production of steam-iron hydrogen,
whilss the gas from the second producer will
vield a producer gas low in methane and this
can be subjeeted to the water gas shift reaction
and mised with hydrogen as desoribed above.
There may of eourse be one sceond stage
producer operating in cojunetion with more
than one frst stage producer,

T the foel is suitable for water gas mara-
facture, then aceording to the present in-
vention a mixed water gus and distillation
gas can be produced for use as a redueing gas
T the steant-iron hydrogen plant. A seeond
gae containing appreciable quantities of
nitrogen can be made from the devolatilised
fuel in the lower pavt of the generator during
tie mormal blow period of the water gas
generaior or during the run period by using
= mixture of air and steam, and ean be dravwn
off at a lower Jevel.

Abkiernatively, the water gas generator may
hi operated to produce a mixtare of water
wis and disiilation gas and sarfiicient carhon

v with the ashes thap this
1 generator operating
g weess to vield a gas
czotabie quantities of niivoges and
i methace,  Fhis latter gas after being
swhjected o the water gas shif reaehion eall
he mixed, either before or after the removal
of the bulk of the earhou dioxide, with the
Yydrogea from the steam-iron hydrogen
plant.

#t

1

Ww. P, THOMPSOXY & €O.,
12, Church Strees, Liverpool, 1.
Chartered Patent Agents.

Abingdon :

Priuted for Hor Majesty’s Stationery G h
Puoblished at The Patent Office, 25, Southampton Buildinge, Londen. W.C.2,

fhice, by Burgess & Son {Abingdon), Lid.—1952.
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