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PROVISTONATL SPEOIFICATION

Improvements in and relating to the Production of Producer Gas

We, Mricmazr Hexyry Micrer Awsonn,
Davin Brwuwano Pripe and Rowarn
Jswms Morney, sll British Snbjects, of
Norton Hall, The Green, Norton-on-Tees,

lounty Durham, and Iuprrian Chssicar

Ixpusrnizs Lavrren, o Hritish Company,
of Imperial Chemical House, Millbank,
London, 85, W.1, do hershy declare the
nature of this invention to be as
follows ; —

"This invention relates to the produetion
of producer gus.

Apcording fo the present invention
there is provided a process for the produc-
tion of producer gas in whirh coal is car-
bonised end suhsequently treated rith

the steps of- carbonisaiion and of gag pre-
duction being carried ouf in separaic ves-
gels, the solid material in both steps being
maintained in the fluid state, without
producing in the carbonisation sicp, an
cnfrained stream, the significance of the
terms *° Auid slate ' wnd ¢ cafrpined
gtrenm >’ being ag heveinafisr defined.
Referving to ihe aecompanying draw-
ing, when a:stream of gus is passed in sn
upward divecHon through a bed of dis-
erste particles, the pressure deop ot fivst
increnses linearly with increase in the gas
velovity. As the gas veloeity is inoreased
a eritieal point A is reached al which the
pressure drop-gas velocity hegins fo in-
fect and the volume of the bed of discrete
perticles increascs by approximately
10%. At this point the bed of discrete
parlicles assumes gome of the properlies
af o liquid, for example, the partisies can
he poured in a manner similar fo liguids.
Similarly, owing to the fact that the
individunal particles are cushioned by gas
and the intermal frietion of fhe hed is
thus greatly reduced, the hed can casily
voloeity is further

—
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mereased above this critical point, a 45
puint B is reached at which a motion simi-
lar to that observed om the surface of a
boiling liguid is assumed by the particlas,
and for all gas velocities above this poing,
the pressare drop is substontially in-
dependent of the' gas veloeity.

As the gas velooity is increased beyomd
the value denolbed: by B, the bed continues
to expand until it occupies tha.whale of
the resction vedsel, Turther inereasc in
the gas velocity causes the bed to expand
into the ges exit pipe where by reasnn of
the higher gas valacity, the particles are
androined and -cerried away by the gos
giream. ‘With ghill further increases in
gus velocities, a:stage is finally reached
when the particles pass through the vessel
as a sfream entraived in the gas.

Hereinafter the state of the cor-
bonaceous material in & reackion vegsel
through which. gas is passed upwards with
a veleoity of fthe value denoted by A or
higher, will be referred to as the Auwid
state; when the gas velocity is batwaen
the points A and B the slate of the car-
bonacecus maferial will ha more particu-
larly referred: to as an, cxpanded bed;
when (he pas velvelly iy of the valwe
denoted by B or higher, but the cazhon-
acsous material is sHll in the form of o
bed, the .state: 'of the -carbonaceous
material will 'he moge particularly re-
ferred to as g hoiling 'Ead, while when the
velocily s sv high that the -carbonsceous
material passes through the reaction ves-
sel as a streanp: with the gases, the aiate
of the material will be more particularly
referred to ns an entrained stream.

The ecoal musl be in the form of small

arficles or powder in order that it may
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e waindoined in the fluid state by the
use of praciical gas velocities. While &

wide variety of coals mavy be used in the
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pracess” of the present inventiom, it is

advisable not to use glone thnse varietics

which swell and cuke when heated; snch

varieties of coal may he used if they are
5 mixed with coke, or some imert muteriul
such as sand, o prevent ageregation of
the particles. Y& should he understood
that in the process of the present jnven-
tion, 1he coal fed tn the carbonisation
gtep muy or may not be eomplstely car-
bonised as desired.

The heat requnired for the earbonisation
step may be applied externally to the ves:
sel in which fhe ccal is being carhonised,
or it may be obfained by the combustion,
with air, of a portion of the ceal fed fo

10

the " carbunisation vessel. It is advan-
tageous however, in the ecarbonisation
sep to ulilize the sensible Leat of the hot
residue leaving the ges producing step, 2
by mising a smtable quantity of such Lot
residue with the coal being fed to the
carbonisafion step.

The materinl leaving the carbonisation
step may be fed to the gas-produeing
slep: with or withoui vooling, as desirved,
for example, in erder to control the tem-

_perature 1n the gas-producing step.

TDated the 2nd day of June, 1944,
o 7.7, EIDSDALE,
...+ Selieitor for the Applieants.

COMPLETE SPECIFICATION

Improvements in and relating tothef-Prbduction of Producer Gas

e, Micmarn, Hesey Mirzr Auvornp,
Divip Reciwarp Prypz and Rosatp
Jamss MortEy, all British Subjeets, of
Norton Hall, The Green, Norton-on-Tees,
County Durham, and Taperran CrREMICAL
IxprsTeres Livrren, a British Company.
of Imperial Chemical House, Millbank,
Tondon, S.W.l, do hereby declare the
nature-of this invention and in what man-
ner the same Is to be performed, to be
perticulayly deserihed awd nscertained In
and by the following stalement:—

This invention relates fo the produrtion
ol producer gas. .

Tt has already heen propesed, in pro-
cesses for the gasification of coal in
granular or dust form by the upward pas-
sage therethrough of a gasifying agent
guch as nir or steam, {v provide ome or
more secondary chambers within which
partiolly consumed fuel carried from the
Tuitinl pasifying chumber by the gasify-
ing ageni and fthe gas produced can be
comipletely consumed for the produetion
of gas or heat. i

Tt has also been proposed to corhonise
55 particnlate cosl by indirect heal ex-
vhange with hot waste flue pases and o
utilise the particulate carbonised materinl
in a gas-producing step.

Aceording to lhe present invention
there is provided a process for the produe-
tion of producer gas in which vosl is ear-
boniced and subsequently treated with an
oxygen-containing gus other than air te
praduce gas, the steps ol earhanization
and of gas production heing carrvied ant
in separate vessels, the solid maferial in
hoth sleps being maintained in the flnid
stote, without produeing in the carbonisa~
tion, step, an enirained strezm, the signif-
70 pance of the terms *° fuid state ™ und
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f anfrained stream *' being as hereinafter -
Jefined, utilising in the ecavbonisation
step, the sensible heat of hut solid
material withdrawn from the gas-produc-
ing step.

In the carbonisation step the sensible
hent of hot material withdrawn from the
gasproducing step may be used, for
example, by mixing u suitable guantity
of such hot solid residue with the coal 80
Lying fed {u the earbonisation step. Any
supplementary heat required in the rcar-
honisation step may be obtained by intro-
Jduving a suitable proportion of oxypen or
an oxygen-containing gas, such as air,
with the mas used o maintain the bed of
-sulid material in the fluid state.

Referring to the drawing accompany-
irig' the provisional specification, when 2
streom of gas is passed in an upward 90
direction through a hed of disvrele par-
ticles, the pressure drop at first increases
linearly with increase in the gas velocity.
JAs*the gas veloeity is inereased a critical
pioint A is reached at which the pressure 9
drop-ons veloclty curve begins to infleet
i ‘the volume of the bed of discrele par-
tinlés increases by appraximately 10%.
At this poing the bed ol discrete partieles
asswmes some of the propertics of a liguid,
for exwmple, the particles can be pouzed
in » manner sinilar o Heuids, Similarly,
owing to the fact that the individual par-
ticlez are cushioned livy gas and {he inter-
nal friction of the bed is thus greatly re- 105
dueed, the Led can easily be stirred. If
the vas veloeity is further increased above
thiseriticul point, a point B is reached
at which a motion similar to that oh-
served on the surface of a Loiling liguid 110
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 j5 assumed by the partieles, and for all

#ns velorities above this poinf; the pres-
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sure drop is substantially independent of
the gas velocity.
Ag the gas veloeity is incrensed beyond

‘the value denoted by B, the bed sontmues
8 to expand until it oceupies the whole of
. the reaction vewsel. Further increase in,
the pas velocity causes the bed to expand
intn the pas exit pipe where by reason of
the higher gas velocity, the pariicles are
entrained and carried away by the gas
stream. With still further ineresses iv
-gns velocllles, a gluge is finully vezched
when the particles pass through the vessel
a9 a shream entrained in the gas,

Horeinafter the siate of the cur-
honaeeous material in s reaction vessel
through which gas is passed upwards with
a velogity of the value denoted by A or
higher, will be referred to as the fiuid
slate; when the gas velocity is between
the pointy A and B the state of the cux-
bonaceons material will be more parficu-
lurly referred o us an expanded bed;
when the gas velocily is of the value
denoted by B or higher, but the ocar-
benacevus maberial is still in the form of
a2 bed, the state of the carbunaceous
material will he more particularly re-
ferred fo as o boiling bed, while when
30 the wvelocity iz so high that the cer-
bongeeous material passes through the
reaction vessel a3 o streazn with the gases,
ihe stute of the material will be more par-
ticularly referred fo as an enbrained
stream, :

In the process of the present invention,
the selid material in the carbonisation
and gas-producing steps must be in the
form of small particles or powder in opdaer
that it may be mainbained in the Huid
state hy the use nof practical gas veloei-
ties. In the carbonisation step the bed of
golid material may be mainfained in the
fluid state by the passage through it of
gases which have been collected from the
carbonisation step, while in the gas-pro-
ducing step the hed of solid mailerial may
be mainteined in the Awid state by the
pussuge ihrough it of oxygen’or an oxy-
50 gen-containing gas, or if desired sieam
may be mixed with such gases in propor-
lions suituble for obtaining gas of re-
guired composition, andfor for contrel-
ling the temperature in the bed of solid
material. Preferably in the earbonization
stepy the sold material and the gas used
to maintain it in the fluid stafe flow in
counter-current, while in the gas-produc-
tion step it is preferable to have cd-car-
rent fow of snlid material and of gas or
of the mixture of gas and steam used for
maintaining the
Jproduction of gag.

A wide variely of coals may be fed to
656 ke carbonisation step; those varisties
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which swell and colc excessively when
haated may he used satisfastorily if they
are mixed with coke, or some inert
material such as sand or ash to ent
agoregation of the particles. It should be 70
understood that.1m the carbonisafion step
of the prasent invention, the corl may or
may not be completely carbomised as
desired. Similarly, in the gas-produeing
step all the carbonaceous material fed
uy ur may vob be complelely consumed.
In order fo decrease any tendency of
particulate or powdered coal to agglomer-
ate in the earbonization step it is prefer-
able to enswre good infermingling of the H0
hot residue from :the was—pro%lucing' step
and the coal heinfr fad to the carhonisa-
tion step before they reach the fluid bed.
This inteymingling may be attaincd for

]

. example, by feeding suitably directed 85

streams of hot residue and of coal into
the top of the carbonisation vessel af a °
suitable haight above the fluid bed.

The material leaving the carbonisation
step may be fed to the gas-producing step YU

.with -or without cooling, as desired, for

example, in order to control the tempera-
ture in the gas-producing step.

It will be understood that by suitable
arrangement of the vessels in which the
carbonisetion ste) and the pas-producing:
step ara carried oui, the procass of the
present invention may he opervated son-
tinmtonsly for the production of producer
gas. .

The following''ekample iltustrates the
continneus operation of the process of the
preseht inventiom, . .

95

100

S BxsMPLE. '
LReferring to "thé accompanying draw- 10
ing, powdered coul, the particles of which
had a radiiiz of from 0.035 cms, to 0.0892
ems., was fed Iroin the hopper 1 through
pipeline 2 into the carbonisation vessel 3, .
from which, carbonisation gases left by 110
the pipeline 4 giid were collecled iz the
holder §. The powdered coal in the car-

‘bonisation vessel & was maintained in the

Huid state by the passage through it, at a
velovity of 80 cms. per secomd, of car- 115
bonisation gases taken from the holder 5

Ly the pump 6 and introduced into the
carbonisation vessel by fhe pipelina 7.
(Carbonaceous material at a femperatura

of about ¥00°C. left the carbonisation 120
vessel by pipeline 8 and +was conveyed
through pip_e]lilie 9 into the gas-producing
vassel 10 by irfrodueing into $he pipeline

9 through the inlet 11, air saturated at
74° Q. with stedm, the velonity of the air/ 125
steam mixture hairg 850 cms. per second.
The carbonacedus -malerial in the gas-
producing -vessel 10~ was maintaincd.g in
the fluid state by the passope through it
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of the streamn of air introduesd through
pipelina 9, the velecity of the air through -
the gas-producing vessel being 200 ems.
per second. Producer gas passcd from ‘the
5 gas-producing vessel 10 through the pipe-
ine 12, This producer gas eontiined
22,00, of carbon nwnoxide, 24.0% ot
hydrogen and 44.0% of nifrogen, the
remainder being chielly carbon dioxide
gnd methane: these percenlages are by
volume. Solid residusl matarial at &
temperature of about 1600°C. overflowed
from the gas producing vessel 10 through

0

the pipeline 13 and passed into the ear- .

bonisation vesssl 8, where it infermingled
with powdered coal falling from the

pipelize 2 hefore reaching the surface 14

of the #uid bed of carbonisation material,

Residual solid material was remaved

20 from the system as desired through pipe-,
line 13 and control weans 16.

The velocities in the foregoing example
were ‘‘open tube ' valoelties, that is
they were maasured while the carbonisa-
tion vesscl 8, the pipeline & and the gasi
firafion vessel 10 were empty. _

It should be understood that the sen.
sible heat of the producer gas and ol the
guses [pom the carbonisstion vessel muy.
he wsed as desirved to prebeat the air and
stegm used in the process or to geperale
stpam in waste heat Doilers,

Wa are awure of Specification No
336,291 which claims an twproved process
far the production of gaseous fuels from
s0lid carbunaceous material which is

- passed as a_fluidised sfream tlhrough a
1eaction system comprising at least iwd
chambers in one of which the carban-
accous material is hurnt with air und the
remainder raised to ligh temperatures
and anather of said chambers comprising
a gasification zone in which heat is pro-
~xided by heanted carbomasenus material
flowing from the combustion ehamber;
such & process may include a thind chum-
ber comprising a earbonjsation zone.

Having now particularly deseribed aml
ascerfained the nature of our said inven-
tion and in what manner the same iz to be
performad, we dectare thet what we elaim
Is:—- .

1. In a process for the production of

producer gas in which ecoel is carbonized
and subseguently treated with an oxygen-
coutaining gas other than aiv to produce
gas, the steps uf carbonisation and of gas
production are earried out in scparate
vessels, the salid material in both steps

60 heing maintained in the fluid state, with-
" out producing in the cavbonisation step,
an entrained stream, utibsing, in the
carbonisution step, the sensible beat of

hot sulid material withdrawa from the
pas=producing step.
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-golid mnteria

oyygen or an oxygen-confaining gas is

“Clyims 1 to 9 which eomprires continu-

-2, In w process for the prodnetion of
producer gas in which coal is carbonised
und sabseguently treated with oxygen or
arl ‘uxygen-eontaining gus {v pruduce gas,
the i'steps of carbonisation and of gus
profduction ace carried ont in separate ves- .

“sals, the solid materiul in both steps being
gipintained in the finid state, without

producing iz (he earbonisation sfep, an
éutrained stream, utilising, iz the car-
bomisation step, the sensible heat of hot
| withdrawn Irom the gas-
]Ijr_njdut'ing step, the fluid bed in ihe cor-
onisation step being waintained by the
passage through the solid material of 80
gases coliected from the said carbonisa-
tion step. .

3. A prucess as vleimed in Claim ! or
st in which the hot solid residue leaving
the gas-produeing step is mixed with the

-(:nnla'being- frd fo the earbonisation sisp.

4. A process as eleimed in Claim 1, 2
or 8 in which in the earbonisation step

ydded to the gases used for maintaining
the Huid hed.
‘b, A proeess as claimed in wny of

Cluims 1 to 4 in whiech the earbonisation
slep-the solid material and the gas used
to . maintain it in lhe fluid state arc in
_vounter-current flow,

h]

2060 A process as claimed in any of

Chaiins 1 to 3 in which in the gas pro-
“duetion step the snlid material and the

100

gils nsed {o niaintain it in the fluid state

-arein co-gurrent flow.

. A process as clalmed in any of
Cldims 1 to ¢ in which in the gas pro-
duction step, steam iz added to the vxygen
yr. oxygen-containing gas used ta muin-
tain the xolid material in the fluid state.

8. A proress as elaimed in any of
(laims 1 to 7 in which the coul in the
carhonisation sfep i incompletely ear-
bonised.

9. A process as claimed in any of
Claims 1 to 8 in which the temperature ot
the solid maferial leaving the carbonisa-
tion step is lowered before feeding the said
material to {le gas-producing step.

A process as claimed in any of

115

119

11o

“inaly feedimg coal to the carbonisation

iy, eomtinunusly feeding curbonaceous

B o .
malerinl from the carbonisation step to the 120
pag-producing step und continvously re-

pioving hot solid residnal material from
the- gus-producing step.

<11, ,]5. provess aw claimed in Claim 30
in’ which hot solid residual mnierial from 125
the. gas-producing atep ia continucusly fed

‘to the curbonisation step.
2. A provess for the produetion of pro-
ducer pus subslantially as deseribed in the

forégoing Exumple. 130
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13. Producer gas whenever ~produced " Tated the 1st day of Tune, 1945.

by the procsss claimed in any of Claims J. W. RIDEDALE,
Lto13. . Soliciter for the Applicants.




