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I, Frevericx LINDLEY DUTFIELD, of
701-713, Salishury House, Liondon Wall,
London, B.C.2, a British Bubject, do
hereby declare the natuve of this inven-

5 tion to be as follows:— _
This invention relates to an improved
method of making water gas from solid
carhonaceous matter and steam by which
varying  proportions  of Hydrogen,
10 Carbon Monoxide and Carbon Dioxide

can be produced to acpord with - the .

requirements of its intended use.. Xt is

particularly directed to the produciion of

a gas having a high Hydrogen  and

15 Carbon Dioxide condent and a low Carbon

' Monoxide content, the Carbon Dioxide

being easilv elimingble by known wash-

ing methods, the residual gas being

essentially Hydrogen, I

20 To athain this resuls without ineurring

serious efficiency losses, the considerations

affecting ordinary water gasg generation

having as its objective the production of

" a gas in which Hydrogen and Carbon

95 Monoxide are present in substantially
equal volumes, requirs to be mrodified.

%W hilst the presemt invention is based

on the principle undexlying the produc-

tion of water gas, namely, the passing of

30 steam through a column of carbon which
has been previously heated by the adnris-
siom of air, it is differentiated thersirom
by the introduction of methods and a
design of plant to meet the fundamental

85 alteration in the econditions esgential to
maximum Hydrogen production from
the miniprum of Carbon, Thus:— *

1y C+ H,0=CO % H,—28,900 Cals.
(2) C+2H,0=00,+2H,~18,920 Cals:
40 Th case No. 1.above 121b. Carbon and
18 1b, Wator produce 2 1b. Hydrogen with
" 2 heat remction expenditure of 28,900 1b:
cals., and in case No, 2,12 1b. Carbod
and 36 Ib. Water produce £ 1b. Hydrogen
45 with a heat reaebion- -expenditure  of
- 18,920 Th. eals.” oo T e

Tn %he fGrst inshande The temperatirre 4t

which the renction sibstantially occurs

exceeds that of- 1,000”-”0.' add over 99%:

of he steam present is-decomposed, bub 80
in the second instance the temperature at
which the reaction, occurs is in the region
of 800° C. but at thiz low temperature less
than' 59 of the steam present is decom-
posed. S

My invention relates to methods of
overcoming the disadvaniage associated
with the abmormal propertions of un-
decomposed. steam at the same fime secur- -
ing the advantages of operating at low tem- &0
peratures in respect to the greater produc-
tion of hydrogen from a unit of cathon and

- the lower heat of dbsorption associated

with the reaction G4+2H,0=C0,+2H..

- In normsl water gas generators, the 65
production of gas proceeds throughout
the steam blow with ever dimimishing .
temperatures in the produser oecagioned
by the gradual exhaustion -of heat storad
in the coke bed, and as a consequence the 70
oag ot the starg of the steam bhlow con-
tains » high pereentags of Carbon Mon-
oxide and its production is associated
with only a small: percentage of nndecom-
posed steam, and af the end of the steam 7h
blow -Carbon Dioxide cecurs in inereas-
ing quantities,-to the detriment- of the
oas for jts usual purposes, and this eon-
dition -is associated with a less quentify

_of the .gas and a grester guaniily of 80

undecomposed -stean. - :
- According to this invention a. subsban-
tially constant temperature is mainteined

. fhroughout- the steam blow {and prefer--

ably the -operation is carried oud at o 85
pressure- above normal  atmosphere},
whereby: & -regular consistency: of zas s

-obtained: The relative contents of H?ydro.—

gen, Carbon Dioxide -and- Clarbon Mon-
oxide, and-the percentage of fndecorn- $0
posed steam” depend wpon that tempera-
fure selected for- the reaction aeccording
to-the intended requirements.-

* -The. following list gives the relation-
ship. of gas contents and andecomposed: 85 .

steam for ceriain temperatures where the
operation is carried oub- at- atmospheric
pressure. - - S
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.o Percentage
- - Temperature of H.O
G decomposed,
878 8t 9
H 760 25 to 26
340 41 to 42
955 70472
1,010 94 to 96
1,060 88 ¢
10 1,136 99.4

- I have found tha$ the percentage of de-
composed steam can be substantially in-
ereased at these lower temperatures by
operating at pressures above normal atmo-
15 sphere znd by preheating the sieam to that
" temperature at which it will contain =
calorific content equal o the reaciion re-
guirements concerned at the selegied fem-
perature of operation so that no depen-
dence is-placed on the stored up superheat
of -the coke bed to supply such heat of
reactlon, . . .
. By the ability of my method to furnish
5 substantially eonsfant - temperature of
stearn containing the requisite superheat
of reaction throughout the steam blow
both gas consistency and eguilibrium ratio
of decomposed steam -to undecomposed
steamn are rendered reasonably certain, and
the heat requirements of such steam are
known quantities capable of being catered
for. . .
For instence, operating ot a reacion
temperature of 760° C. at normal afmo-
spheric pressure only 259% o 269 of the
steam 1z decomposed, but working with a
superheat in the steam consistent with iis
supplying the heat absorbed in the re-
action, . the - percentage of decomposed
steam is inereased fo an extent beyond
that which for thermal and economie
advantages hereafter —explained in the
operation of my process, it Is necessary to
: attain, N _ ‘
45 ° Therefore I base my explanation on
onlv 259% of the gleam used being decoin-
nosed.. ‘To produce o .gas consisting of
85.29% H,, 7.8% CO0-and 27% CO. at a
reaction - femperature-of 760° C.. I find
that for each 1 1b, of steam decomposed
797 1b. vals, are ahsorbed in the reaction,
and- that 4 Th. of steam superhested to
1.180° C. will supvly the required 797
1b. eals. and the produced gas and the 3 1b.
- of undecomnposed steam will leave the coke
bed at 760° C. . 7
- At the. stari of fhe.stear. blow. the
superbieat of the steam is regulated
moementarily io o temperature helow
60 1.160° €. so that on contact with any
stored up heat in the coke bed above
.760° C. the requisite reaction exhausts
such stored up heat to 760° C., and during

20

25

an

38,

40

50

-Compuosition by volume
of Water Gas.

H, CO Co,
65.2 4.9 20.8
65.2 7.8 27.0
61.9 - 15.1 22.9
53.3 . 39.8 6.8
48.8- 40.7 15,
§0.7 43.0 1.3
50.9 48.5 0.8

this momenfary operation the consistency
of the . gases is thereby preserved, and 65
such stored up excess heat in the coke bed
advantageously ntilised. . Lo
- In the production of gas having a hiph &-
bydrogen and carbon dioxide - content
necessitating  operation at low tempera- 70
tures, a large excess of steam over and
above that decomposed is inevifable, and
constitutes an nnwieldy. imposition in its -
cooling effect on the stored up heat in the
coke bed under ordinary water gas prae- 75
tice. Mspeelally is this so in view of the
fact thet in producing such stored np heat ..
in a body of coke by a blast of air if is npt =~
possibls to avoid the tendency to produgen
gas reaction by which a considerable pro- 80-
portion of the heat of complete corbustion
15 reduced by the regetion, C+ (0, =200,
Heat produced by semi-combustion to GO -
releases only 2,430 Ib. ecals. per Ib, of
carben against 8,100 Th, eals.” per, Ib, 85
carhbon to CO,.
. In my procesg T dbjectively proveed o
semi-combustion (CQY by preheatéd air
in the goke bed instead of establishing a
stored up heaf zone of highly incandeseent 8{
coke as the source of total heat for re-
faction, which-'in any cast would he
prejudicial to the prodiuection of a gas of
the consisigncy required foF maximum
hydrogen production, and T advantage- 98
ously uiilise the hot CO gases from fthe
coke bed for complete combustion in raig:
ing a mass of highly conducting material
to the highest posmible témperiyre com:
paitible with the refractory qualities of 100
such mass, the sensible heat of stch com-
plete combustion products beingr - frans-
ferred thereto in such manner thaf their
regidual heat comtent on leaving such mass
is reduced to a temperature only slightly 105
higher than the succeeding enfry témpera-
ture of the saturated stedm from a boiler. -
The ineviiable use of ekcess steam con-
sistent with the high hydrogen-carhon
dioxide gag required instesd of being a
burden on the efficiency and tost of opera-
tion, establishes, under my process, an
advantageous medinm of whilising the m-

110

-avoidable potential calorific value of rases

leaving the colke bed during the air blast 116

period by rendering such steam & useful
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heat carrier to the zone of reaction, and
thereafter T use a similar highly condue-
tive mass to absorb the major sensible heat:
of the produced gases and wndecomposed
5 steam, such absorbed heat being imiparted.

to the air for combustion and semi-com-

busiion on the succeeding period of heat
restoration. T

T have found that the regpective heat

10 values imvolved in each compartmeént of

my regenerator during ‘the . heating

period ave substantially in accord.-withl

the respéctive heat values requiréd: in

ench sompartment during the §teaming:

15 period. . }

T have further found that in the appli-
cation of air to & column. of coke g more
uniformly distributed heat by combustion
to CQ is obfaingble when such air’ and

20 vesultant gaseous products are directed
horizontally through a vertically fartow
coke mass by admission” of suel’ alr
through numerous port holes disposed in
the vertical wall on the one side of the

25 coke mass and similerly disposed pord.

holes 10 the vertical wall on the other side
for the exit of the gassous products.”
I have found that in the application of
superheated steam to a column of heated
30 voke through such-port holes, as deseribiéd;
g0 that the stéam and Tesulfant -gases
traverse such heated coké bed in horizon~
fal plamnes-in contra diréction to the pre-
ending air and combastion products, an
85 improved intimacy of econiact between
sicam and Carbon is dbtaingd as -the
resuli of avoidanee of channelling as is
Lalble to oceur in ascensional fow.
I find that the traversing -of air and
40 ifs combustion prodicts and the travers-
ing of steam and its walér gas products
in & horizontal plaid enables & Thuck
oreater surface being uniformly tréated
than iy practical in any coluinm - alter-
45 nately ascensionally - and - dsscensiomally

frested as im existing practice; "This in~

fact emables a unit 6f plarit” to produce
grester giantities: per unit of time than
is practical in stdndard systems.
53 Tt will be undérstood from: ths Zore:
going that I establish my major swper-
heat supply fh a miss -of -conduchive
matérial by the complete combustion of
hot gases produced by +he incomplete
55 combustion of coké by air in the ccke bed
whérein I establish my wifor stiperheat
sunply. T o
The Telative’ proportions of the quan~
fity of heat above 760" C.-thus deposited
60 respectively in -the coké béd and in the
mass of conduekive material arve in the
ratio of 1:4.” The heat in*the coke bed
ie produced by incomulete combustion of
carbon with preheated air ‘with resultant

85 gaseous products leaving “steh ddke bed .

at an average temperatura of 900° C.
The -heat in the mass of condnclive mate-
rial is produced by the complete com-
bustion of such hot gases with similarly
preheated air and products leaving at TU
300° C. .

The heat of ocomplele combustion
deposited in the mass of . conduckive
material is of a higher temperature order
than the heat deposited in the coke bed. 79
Whereas the latter is ‘heated by semi-
combustion %o a temperature of 1,000°
C. the wass of conductive -material is
heated to approximately 1,500° C. af the
top of the mass wheréat the combusiion 80
products enter, down to_ approximately
200° O. at thé bottom, whereat thé heat-
spent gases (300° C.) leave. .

The steam from the boiler, preferably
at a pressure of 800 ib. per square inch 85
having a saturated steam temperature of
214° (., enters the generator at two
levels, oné below the mass of conductive
material which hag been heated as above
described, and ome above the mass of 80
conductive heated material. At the sbart
of the steam blow a fegulated quantity of
steam iz admitied af the top lewel which

reaches the coke bed only slightly super-

keated by contact with the combustion 95
chamber walls and this steam utilises
the superhest of the coke bed above
760° (. to superheat gsuch Initially enter-
ing cool steam to ‘¢ffect reaction in the
region. of 760" C. - : L
Thereafter a gradually decreasing pro-
porfion of total steam entering at top
level and a gradually increasing propor-
tion -emtering at bottom level séciires a
régular quantity of steam at -constent 109
temperature ab, in this instange 1,160
C., through the cooling, "by thé cooler
steam -eniering the fop level, of- the
steam from the botfoin level, which has
altained a temperature in -excess of 1,160°
O, fron the stored uwp heat in the mass of
conductive material. Upon- exhaustion
of superheat in the mass of conductive
material rendering the temperature of the

100

bottom - steam -Tess than 1,160° . the 118

gteam blow  ends, the high ‘pressure
steam and residual eas within the genera-
tor is Teleased firstly to half pressure by
transfererice of half its steam and residual
gas contents to the second generator im- 120
medidgtely prior o #he latler starting its
steaming period,” and - secondly 6 atmo-
spheric pressure-to a regenerdtor suitably
disposed’ as -a -cohnecting-wnif filled with
a mass “of copductive material which 123
gubstantially absorbs the gtensible heat of
teleaséd steam -and - the” doeompanying
neglizible percenitage of vesidual-gas, for
uge in preheating the air used in the
steam” boiler: The-releass of high: pres- 130

110,
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sure steam to a volume 12 times its com-
pressed volume serves o -purge the water
gas generator which in the heat restora-
Fon perlod is operated at atmospheric
pressure,

The waler gas oand wandecomposed
steam leaving the coke bed at a tempera-

- ture in the region of 760" C. enter a mass

10

15

20

25

of conductive matenal which absorbs the
sensible heat of such gases and undecom-
posed steam down Yo & temperature of
300° C. which establishes a stored up
heat supply to be transferred in the
Leating period to theé ‘air reguired for
combustion to GO in the coke hed and For
the complete combustion of resultant co
gases leaving the coke bed in the com-
partment contammcr the mass of condue-
Hve material co:nstltutmn' the stored up
superheat supply for steam superhaad, ©
In the course of cooling the Water
gases containing & proportion of CO in
the presenee of adequate suppliey of un-
decomposed -steani ‘at bigh pressure (300
Ib. .per square inch apprommatelv 20
atmos_pheres}, the ‘whole being in a turbu.
lent state in its descensmna.l traverse

~ through the ‘yoids of the mdss of conduc-

3
35
4
45

50

" 55

60

65 -

tive matemal it iy established that fur
ther reaction ocours in the direction. of
C0 +H,0=00,+H,, thus incressing the

Hydrowen ‘eontent by conversion to. 1ea.d-_
ily eliminable G0, and consequeut dimi- |

nufion of the undesivable CO in cases
‘where maximum Hydrogen is the inten-
ded purpose.

This exofhermic reactlon adds further
sensible heat to the mass of conductive
material thus desirably increasing the
stored up heat for transfer to the alr
supply during the = succeeding heat
restoration peried.

By working at a pressure during the
steam blow peried, a Ionger time of
contact of steam poundage with, earbon is
secured malnng for a substantial increase
in_the proportion of stéam -decomposed.
At 300 Th, per square mch shsolute pres-
sure 1 1b. of steam has a volume of 1.552
cubic feet whereas at atmospheric pres-
sure 1 Ib. of steam has_a volame of 26.77
cubic feet,
permits of a grealer _weight of steam
traversing the coke bed per unit of time
and still a;llows in addition » Tonger time
econtact and._this fuxther a.dm:Lts of the
steam blow and the air blast being of
equal duration which allows twin genera-

tors +0 set in unison thus producmc' a

eontinuous. , supply. of gas, which is an
important condition [in relation to the
washing period for the elimination of
¢ao, under pressure, enabling the 1a.i'.ter
10 be a gontinuous operation.

Tt is known in practice tha's wrhstan-

This contraction of volirme -

tial elimination of CO, can be effected
only under & pressure above 10 atmeo-
spheres. The mechanjcal eompression of
gag having high Hydrogen content iz an
expensive operation on asccount of the
Horse-power involved. . In my progess,
the washing operation is effected undex
the pressure common to the complete-
generator  unit during the steaming
period such pressure being denved_ from
the pressure head &evelo]_)e& in the steam
hoiler.

‘As two generators are woﬂcec’l in gnison,

.viz., whilst one is being heated the other

10

7

is steaming, the co:lmec.tmtr unit consti- 80

tuting a means of cooling the gases and
condensmn' the un&ecompose& steam,
together Wlth washmﬂ' appatatus  for
ehmmatlon of 00, is common to both
generators, being aliernately connected
with either nwa::uara.tor during its period - of
steaming which enables the pressure in
such cmulechng unit o be continuous.

The apparatus for coolmn* the gases
and condensing the undecomposed steam
may constitate a means of recovering the
sensible and part of the latent heat of the
endecomposed steam by imparting such
heat to the water required for ﬁhe Steam
hoiler,

The mass of the conducting material
for sbsorbing the bulk of the heat of
complefe combustion of the gases arising
from the coke bed during i;he hea.hng
period and thereafter 'tz'ansferrlu.g such
absorbed " heat to the steam undergpoing
saperheating, may consist.of any reﬁ'ac—-
tory material having & high coefficient of
conductivity such as comipressed graphite

85

20

160

protected from oxidation by = “neutral 105

refractory coating, carborumdum, or heat
resisting metals, The mass may be com-
posed of a multiplicity of segments of
such conductive “refractory matenal n
the shape of spheres resking en masse or
diaxnond shaped picces “suitably spaced
by intermediate projectins flanges. or of
a variety of shapes loosely packed or in
constructed formation in such mgnner to
cause turbulence by deffection.

The mass of Gonducflve material for
absorhing the major sensible heat of the
water gas and undecomposed sfeam from
the coke bed and thereaffer transferring
sueh absorbed hedt to the a1r reguired for
combustion during the heating period;

110

120

may similarly cons1st of refractory mate- .

rial having a high coefficient of condue-
trnt? ensuring a high state of thermal
emiselvity and dlﬁusnntv * Ay the tem-
peratures concerned ave. ‘however, lower
than its previously described codnterpart,
materials of less refractoriness, but having
known_ gualities of influencing the re-
action 0O +HO,=00,+H; by catelytic

125

130
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or alternate oxidising and reducing sffect,
may he used.

The water gas generator may be exter-
pally cooled by applying water to the
steel casing by any kuown method. This
tends o mazintein a regular femperature
of the steel casing throughout its length
and breadih, thus neutralizing any differ-

eniial expansion effects which may other-
wise - occur through any local difference L0
in internal temperatures of the generator.

Dated this 20th day of Septeraber, 1943,

MEWBURN, ELLIS & CO., :

70 & 72, Chancery Lane, London, W.C.2,
. Chartered Patent Agenis,

COMPLETE SPECIFICATION

Improvements. in the Pr.qduction of Water Gas

1, Freogrics LiNonBy DUFFELD, -of
7012718, Salishury House, London Wall,
London, E.C.2, & British Subject, de
hereby declare the nature of this inven-
tion and in what manner the same iy fo
e performed, to be particularly described

and ascertained in and by the following .

statement : — .

This invention relates to- an improved-

method of making water gas from so,
carhonaceous matter and steam by which
varying proportions of tydrogen, earbon
monoxide and carbon, dioxide can be pro-
Juced to accord with the requirements of
its intended use. Itis particularly dirvec-
ted io the production of a gas having a
high hydrogen and carbon dioxide con-
tent and o Low carbon monoxide-content,
the carbon dioxide being easily eliminable
by known washing methods, the residual
oas being predominantly hydrogen. -

To attain this result withouwt ineurring
sarious efficiency losses, the considerations
affecting ordinary water gas generabionl
having as its objective the produetion of

monoxide are present in substontislly
equal volumes, require to be modified. .
Whilst the present invention is based
on the principle underlying the produe-
#ion of water gas, namely, the passing of
gteam through a eolumn of carbon which
has been previously heated by the admis-
sion of air, it is differentiated therefrom
by the introduction of mefhods and a
design of plant o meet the fundamental
altevaiion. in the .conditions essential fo
maximum hydrogen production from the
minimum of carpen. Thus:—" =
(1) C+ H,0=C0 + H.-—28,900 Cals.

(2) C+2H,0=C0,+ 9H. 18,920 Cals.

Tn case No. 1 above 12 Ib. carbon and

18 1h. water produce 2.1b. hydrogen with

58

80

a heat reaction expenditure of 28,900 Th.
“eals.. and in ease No. 2, 12 1b. arbon and
38 1h. weter. produce £ Ib. hydrogen with
a heat reaction expenditure of 18,920 1b,
cals. . o

Tn the first instance the femperature ab
which the reaction. substantially occurs
exeeeds that of 1,000” O and over 999,

in which hydrogen and carbonm .

of the steam present is decomposed, bub
in the second instance the temperature ab
which the reaction occurs is in the region 65
of 600° (. but at this low femperature
less than 5% of the steam present is
decoraposed. : )

My invention relates. to methods of
overcoming the disadvantage associated 70
with the abnormal proportions of mnde-
composed steam at the same fime secar-
ing the advantages of operating at low
temperature whilst obtaining the greater
production of hydrogen from a unit of 75
carbon and the lower heat of abserpiion -
associated with the reaction

C+2H,0=00,+2H,.

In normal water gas generators, the
production of gas proceeds throughout go
the steam blow with ever diminishing
temperatures in {he producer occasiomed
by the gradual exhaustion of heat stored
in. the coke bed, and as & consequence the
gas at the start of the steam blow com-
fains & high percentage of carbom mon-

85

‘oxide snd its produciion is sssociated

with only a small pereentage of undecom-~
posed steam, and at the end of the steam
Blow carbon dioxide occurs in inereasing
qusntities, to the detriment of the gas for
ifs usual purposes,-and this condition Is
associnted with a less quantify of the gas
and a- greater quantity of undecomposed
steam, )

- According to thig invention s snbstan-
tially constant temperature is main-

80

85

- tained throughout the: steam blow (and

preferably the operation is carried out ab
a pressure above mnormal ‘atmogphere),
whereby & regular composition of gas 1s
obtained. The relative contents of hydro-
gen, carhon dipxide and carbon moncxide,
and the percentage of wundecomposed
gteam depend upon that. temperature 145
selected for the reattion according to the
intended requiréments. Co

" The following list gives the relation-
ship of gas contents and undecompoesed
steam. for certain temperatures where the 110
operation is cerried cut ab atmospheric
pressare. o

106
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]
- - - - Percentage Clomposition by volume -

-+ =+ TPemperature - - of H,0 . of Water Gas. -
fomeeesie@e - - decomposed. o, - - Co . CO,
_ 875 _ 8t0 9 652 - - -48- . - 298
i (11§ 25 1o 26 662 - - 738 - 270
Co e o84l o 4l do 4R 61.9 - 151 - 22.9
v 858 - T040 TR 83.3. - - 898 -, -6.8
- 1,050 - - 94 to 96 48.8 - 49.7 - 1.5
o 1,060 93 BO.Y 48.0 1.3
- 1,125 B 50.9 48.5 - 0.8

10

15

T have found that the percentage of “menfary -operation the 'eompo-siﬁon of

decompoged steam can be substantially
increased- at these lower temperabures by
operating at pressures above nermal
atmosphere and by preheating the steam

th that temperature af which -if will

20

contain a calorific confent equal to the
resction requirements concerned at. the
selected tempernture of operation so that
no. dependence is placed on the stored up

- superheat of the coke bed fo supply such

et of redetion. -
On:aceonnt of the ability of my method

. to furnish a substantially constant fem-

petature of steam. containing the requisite

-superheat of Peaction - throughout the

30

35

steam hlow, it_is. possible fo render both
gas compodttion and equilibrium ratio of
decomposed --steam. - 4o ° undecomposed
gtearn reasonably -certain, since the heat
Tequirements -of -such steam nre : known
quamtities capable of being catered for..

- TWer -instance, operating at a.reaction

tempersture of 760" C.- at normal aimo-
splieric pressure only 25% to 26% of the

steam s decomposed,- but working with a

40

“50

superheat in-the steam consistent with its
supplying-the heat absorbed in resction,
the percentage of -decomposed steara is
increased fa an exbent beyond that which
is necessary for- the thermal and egono-
mic- adventages hereafter explained in.
the operation- of my. process. :

7 -Pherefore 1 base the following caloula-

tion on orly 259 of the steam used: being
‘decomposed: - To produce a gas consist-
ing of 65.2% H,; 7.8% CO and 27% CO;
ot @ reaction temperature of 760° C., T
Bnd thei for each I 1b. of steam desom-

posed 797 1p. cals. are.absorbed in the

reaction; and that 4 1b. of steam super-

. heated teo 1,160° C. will supply  the

‘55

-60

required 797 1b. cals. and the proddeced
oas and the 8 th, of undecomposed steam
will leave the coke hed at 760° C.

At the start of the steam blow, the
superheat of the steam is regulated mo-
mentarily fo a femperature below 1,160
O. o that on contact with sny stored up
heat in the coke bed above 760° C. the
‘was making reaction exbausts such storéd
ap heat to 7680° (., and during .this mo-

the gases iy thereby preserved, and such -
stored up exoess. heat in the coke bed 65

advantageously utilised. . .
. In the production of gas having a high

bydrogen and carhon dioxide content -~

necessitating operation at low iempera-

tures, a large excess of steam over and 70

above that decomposed is inevitable, and
ronstituies an unwieldy imposition in ifs
vooling effect on the stored up heat in the
colte bed under ordinary water gas prac-

tice. Espeeially is this so in view of the 75
fapet that in producing such sfored up

heai in a body of coke by a blast of aix it -
is not possible to avoid the fendency fo
producer gas reaction by which a con-

siderable portion of the heat of complete 80

combustion is reduced by the reaction
€ +.00,=2C0. Heat produced by semi-
pombustion o 00 releases only 2,430 Ib.
vals. per Ib, of carbon against 8,100 Ib,

cals, per-I1b. carhén to CO,. 86

‘To my process T purposely proeeed to
serni-gombustion (CO} by preheated air .

in the coke bed instead of establishing a -

stored up heat zone of highly incandes-

cent coke as the source of- total heat for 90-'

reaction, which in any case.would be
prejudicial to the produetion of a gas of
the composition reguired for maximum
hydroger produetion, and I advanta-

geously utilise the hot CO gases from the 95

coke bed for complete combustion in rais- -
ing a mass of highly conducting material
to the highest possible temperature com-
patihle willi the refractory qualities of

such mass, the sensible heat of such com-~ 100

plete combustion products being #rans-
ferred thereto in such manner thai their
vésidual heat eonient on leaving such
maky is reduced to a temperature only

slightly higher than the succeeding entry 105

temperature of saturated steam " from " a
boiter. B -

The inevitable use of expess stéam con-

sisgtent with the high - hydrogen-carbon

dioxide gas requived instead of being a 110

burden on the efficiency and cost of
operation,- establishes, under my process,
an advantageous medivm of utilising-the
wnsivoidable potential -ealorific’ value of
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gases leaving the coke bed during the air

blast period by remdering such steam a,

useful heat earrier to the zone of reachion;

and thereafter I use a gimilar highly con--

5 ductive mass to absorb the major-part of
the sensible heit of the -preduced - gases

and undecomposed steam, such absorbed.

heat being imparted fo the aiv for semi-
combustion on the succeeding period of
heat restoration. - - - . - -

T have found that the rTespective heaf
values involved in each compartment of
my regenerator during the heating period
aré substantially
espective heat values reguired in each
corapartment during the steaming period.

T have further found that in the appli
cation of air to a column of coke a more
nniformly.-distributsd heat by combustion
90 40 (O is obtainable when sueh air-and

- yesultant - gaseous products are directed

i0

16

horizontally through a vertically narrow

coke mass. by admission of such dir
through numerous port loles disposed in
the vertical wall on. -fhe one gide: of the
coke mass and similarly disposed port

holes in the vertical wall on the other side
for the exit of the gaseous producis. - .

T haove found that in the application of
superheated steam to a column of heated
coke through such port holes; as de-

30

soribed, so that-the steam. and resultant .

gases traverse such heated-coke bed in
horizental planes in contrs direction - to
the preceding air and- combustion pro-
ducts, an improved intimacy -of contact
between steam and carbon-is obtained as
the result of avoidance of--channelling as
is lizble to oceur in ascensional flows.

40 . 1 find that +the traversing - of -air
and .its: combushon  producis . and
the traversing of steam ‘amd its

water gas products in 2 horizonfal
plane enables a much  greater “surface
being uniformly treated thai.-is practies]
in any. column atternately ascengionelly
and deseensionally ireated as'In existing
practice. ‘This in fact enables’a unit of
plant to produce greater. quantities .per
§0 unit of time than is. p.raetical in standard
systerms. ) : L ’

5 will be’ uncf.ersizdoéj :froi_n_:t-h:'el-for'e-,

going that I establish:my major super-
heat. supply - in -a- mass  of conductive
material by complete combusfion of hot

5B

gases produced by the incomplete com-

Bustion of coke by air in the.toke _hed
wherein I establish my: minot superheat
supply from semi-combustion to €O .
60 The relative proportion_of the quaniily
of heat "above ! d ]
respectively in the goke bed and ‘in the
mnss of .conductive material is in the

ratio of 1:4. The heat iri the coke bed.is-

65 produced by incomplete gombustion of

300° C..
deposited in the mass of conductive mate-

_rial is of a higher temperature order than

in accord with ~the.

“attained a - temaperaiure
.1,180° C. from the stored up heat in the

760° (. this deposited:-

carbon with prehegted air with resultant
gaseous products leaving such coke hed
at an average temperature of 900" C.
The heat in the mass of conductive mate-
rial ig prodaced by the.complete com- 70
bustion of such hot gases with similarly
preheated - air and - producis leaving =t
The heat -of complete combustion -

the heat deposited in the ocoke bed.
Whereas the lafter is heated by semi-
combustion to & temperature of 1,000° C.
thie mass of conductive material is heated 80
to approximately 1,500 C. ai the top of
the mass wherea} the combustion products
enter; down to approximately 200° O, at
the bobtom, wherent the heat-spert gases
{300° C.) leave.” -~ T

- The steam from the boiler, preferably
at a pressure of 300 lb. per square inch
having a saturated steam temperature of
214° -0, enters the generator at two
levels. one below the mass of conductive

85

80

“material which has been heated as above

described, and one above the mass of von-
ductive heated material. At the start of
the steam blow a regulated quantity of
steam iz admitted at the top level which
reaches the cole bed only slightly super-
heated by contact with the combustion

95

- chamber walls and the superheat of the

ooke bed above 760° C..is utilised o
superheat such initially entering cool 100
steam. to effeck reaction in the. region of
o o, . - S !

© Thereafter o gradually deereasing pro-

- portion of.total steam entering at.the top
Jevel and a. gradually increasing. propor- 105

tion. entering at the bottom level secures
a regular quantity of steam at constant
femperature at, in this Instanee; 1,160°
C., through the: cooling, .by the ecooler
steam. entering at.ihe top level, .of the 110
steam from the bottom level which. has
in excess. of

mass of | conductive magerial. . Upon
exhaustion. of superheat in the' mass. of 115

“conductive material rendering the fem-

perature of the. bottom stesxn less than
1,160° C. the steam blow ends. -

"The water gas and nndecomposed steam
leaving the coke bed at o temperature in 120
the reion of 760° C. enters a miass of
conductive material which absorbs the
sensible heat of such gases and undecom.-
posel stéam “down ‘to_ a - ftemperature of
300% C. which ' establishes 'a stored up 125
Teat supply to be transferred in the heat.

ing period to the air required for coribus-
tion to U0 in the coke bed ‘and for “the
complete * eombustion - of - resultant- co

gases leaving the coke bed in the compirt- 130
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men} confaining the mass of donductive
material gonstituting the stored up super-
keat supply for steam superheat,

In the course of cooling the water gas

5 containing a proportion of OO in the
presence of adeguate supplies of unde-
composed steam, the whole being iz a
turbulent state in its descensional fraverse
through the voids of the mass of condue-

10 tive material, it is established that
further reaction occurs in the direction
of GO+ H,0=C0,+H,, thus increasging
the hydrogen content by conversion to
readily eliminable CO, and consequent

15 diminution of the undesirable CO in cases
where maximum hydrogen content is the
intended purposs. )

This exothermic reaction adds further
sensible heat o Gthe mass of conductive

20 material thus desivably increasing the
stored up heat for {ransfer fo the air
supply during the succeeding heat
restoration period. :

By working af a pressure during the

25 steam bLlow period, a longer time of con-
tact of eteam povudage with carbon ig
secured making for a substantial increase
in the proportion of steam decomposed.

- At 300 lb. per square inch abscluie

30 pressure 1 1b. of steam has a volume of
1.552 cubic feet whereas at almospheric
pressure 1 1b. of steam has a volume of
26.77. cubic feet. This coniraction of
volume permifts of a greater weight of

85 steam traversing the coke bed per unit of
time and. still allows in addition a longer
time contact and this further admits of
the steam blow and the air blast being
of equal duration which allows fwin

4 generators fo act in unison thus produc-
mg a continuous supply of gas, which is
an imporfant condition in relation fo the
waghing period for the elimination of
00, under pressure, enabling the latter

45 to be-a continuous operation.

It is known in practice that substan-
tial elimination of CO, can be effected
only wnder a pressure above 10 atmo-
spheres. .The mechanical compression of

50 gas having high hydrogen  contents is
an expensive operation on account of the
horse-power involved.
operating my procesy under pressure, the
washing operation is effected under the

55 pressure common to the complete genera-
tor unit during the steaming period, such
pressure being derived from the pressure
head developed in the steam boiler.

The apparatus for cooling the gases

60 and condensing the undecomposed steam
mey constifute a meany of recovering the
sensible and part of the latent heat of the
undecomposed steam by imparting such
heat to the waler required for the steam

65 bhoiler... .. .0,

In the case of

The mass of the condueting material
for absorbing the bulk of the heaf of
complete combustion of the gases pro-
duced from the coke bed during the heat-
ing period and thereafter transferring -7¢
such a.bsozhe}cl_i heat to the steam gncier-

olng superheatimg, may consist of any
fg"ei}?a?ctory material having a high coetii-
cient of conductivity such as compressed
graphite protected from oxidation by a 75
neutral refraetory coating, esrborundum,
or heat resisting metals, The mass may
be composed of & multiplicity of segments
of such conduciive refractory miaterial,
in the shape of spheres resiing em masse 30
or diamond shaped pieces suitably
spaced by intermediate projecting flanges,
or of a variety of shapes loosely packed
or in constructed formation in such
manner to cause turbulence by deflec- 85
tion, '

The mass of conductive matexial for
absorbing the méajor part of the sensible
heat of the water-gas and undecomposed
steam from the coke bed and thereafter T
transferring such absorbed heat to the air
required for combustion during the heat-
ing period; may similarly consist of
refractory material having a high coeffi-
cient of conduectivify ensuring a high g5
state of thermal emissivity and diffusivity.

As the temperatures concerned are, how-
ever, lower than ity previcusly deseribed
counterpart, materials of less refraetori-

ness, but having known _gualities of influ- 100

encing ‘the reaclion CO+H,(0=00,+H,
by catalytic’ or alternale oxidising and
reducing effect, may be used. '

The water gas generator may he exter-

nally cooled by spplying. water to the 105

steel casing by any kmown method. This
tends to maintasin o rvegular temperature
of the steel casing throughout its length
and breadth, thus neutralising any dif-

ferential expansion effecte which may 110

otherwise ccour through any lccal differ-
enge in infernal temperatures of the
generabor, .

‘The working of the process may he
myre clearly understood from the follow- 115
ing description of a particular apparatus
and method for edrrying it out in prae-
tice, but -the invention is not limited to
details of such apparaims or method.

Fig. 1 of the sccompanying drawing 180
shows a ‘cross seciional elevation of the
apparatus, . - . -

Fig. 2 shows sections ox an enlarged
seale along the lnes A—A and B—DB of
Fie. 1. a ' 125

The arrows drdwn id full lines show
the direction of air flow and the arrows
g_rawﬁ i dotted lines show the steam
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. Huarmvg Pertop - - - ..o dhe-top: level; which has been only 65
.- "Throngh- a- system ‘of feversing-valves, stiohtly superheated. This gives a steam
cold air is sipplied to main @, from which.. of uniform temperature whigh . passes
through-- brauches, -if- -enters-the fues-b  through th numerous - port_ holes.g, and
supporting the conductive masg d. - - ‘horizontally through thé coke-or coal bed
Tho roof ¢ of these flues-is perforated - and out-through the _similarly «isposed T0
with the necessary rows of holes needed port -Holes - f* on the other side, a8

4o disperse the cold: air evenly thvough-. described in thie heafing period.

10

15

30

85

40

45

out the whole length of the conductive . - Thewater gas and undecomposed steam
mass, 'Thé air passing-ip through this- leaving the colie or coal bed through the
conductive mass s heated by .absorbing. poré holes f; enter the zone e and descend H
the heat given up- ¢ the mass in the ‘throngh the conductive mass ¢ giving up
steam period. | . . the majer pari-of their semsible heat to

On. reaching zoné e, thé air now being this mass, and hence.through the per-
preheated, continnes _through numerous Aforated roof & into the flue b - -
port holes # disposed in the vertieal wall - "The witer gas ‘minkes ifs exit through BO
and is directed horizontally ~ through 2 hranehes. into -the ‘nain 4 _and hence
coke or coal bed, %o similarly disposed. through & Systent of reversing. valves fo
port holes ¢ in the vertical wall on the +he 2ooling and- sondensing apparatus.
otherside. 'The resultant gaseons. pro< - Puring: the stedniing period an addi- - .
ducts leaving port holes g, .enter the . tonal supply of saturated steam is intro~ 85
combustion chember f, whereby, with: duged: through a system of reversing
the admission.of cold- air aupplied” at.j, —valtes-ab:.-n; again_as in the heating
complete combustion takes place. - = = - peiod, thé purpose is twofold, firstly, to

These ocombustion products descend . react with ~that reduced” Garbon which
through the conductive mass b giving up. . may have réached the grate level as 90
their heat to thismass, and hence through deseribed in .fhe heating period, and.
the perforated roof into the fiue 1. The ' secondly, for cooling the erate bars and
perforated voof for the flue i gupporting “ash. - . ’ '

the conduotibe mass k, is similar-to thaf = During fhe steaming period the supply

of & and o. - The combustion products . of dold air at i has been shut off; .95

make their exit through branches into & 7 During ‘the process the carbonaceous

main m, sud hence through asystem. of “fuel i gradusily reduced to ash on ifs

reversing valves fo be disposed of.. “Jescent to the grafe level, it being prac-
During this paried an . additional tically completely reduced ‘to. ash “at

supply of eold air is introduced, through - level ¢.” A regular-fow of fuel is intro- 100

2 system of reversing valves -at .. the - deeed . af -+ by memas of double hell

purpose of which is° twofold, firstly, to ~charging hoppers.

rednce any corhon. which may -have . - Having now particularly described and
renched the grate level without complete ~ ascertained the nature of my said inven-
combustion, and seeondly, to sérve s a 4ion and in what manner the same is to 105
medinm for ceoling the grate bars and -be performed, I declare that what I claim

ash. ’ o dE— - :
. ) : o - L. A proeess for the production of
Sewarone PErIoD . tater-ges having a high proportion of

Thiough & systém of reversing valves, - hydrogen and o low praportion of earbon 110

low temperature steam is supplied to . wonoxide characterised by the feature

main . The low temperature steam . that the sapply of heat required by the

bi)

65

leaves main m by two exits and so supply- - endotliermic reaction is delivered by a
ing steam to the generators at two levels, qantify of sfeam Dbaving =a constant -
At the start of the steam blow a regulated superheat throughout the. period of the 115
quentity of steam is admitbec at the top -gas-making Twn. -~ . )

Tevel A, through the . hranch pipe o agd . 2.. A provess for the production of
regulating valve p, -also. a régulnted | water-gas aceording to- Claim.1 by inter-
gaantty of steam 3is admitted ab the mittenily . causing air’ and steam respec-
Lottom level, through fhe branches info - tively in confra flow velation to-traverse 120
the fiue I and hence up through the con= "in & horizontal direction through the -
ductive mass k.  After the start of the marrew. width of o, vertieal elongated

- blow a gmduallgr'.decreasing-proportion of mass of carbonaceous matter; such. as. coal

60

total steam enters at the top level and:-a or coke. and with.a supplementary infer-
gradually  increasing proportion enters mittent supply of air at atmospheric 125 -
the hottom level. - . ' temperature and -pon-superheated steam,

QOn. reaching zone h the steam admitted ' admitted- vertically at the base of the
at the bhottom level is now superheated  carbonacecus mass in amount requisife
and mingles with the steau: admitted nt for the cooling of the grate and deseend-’




¢ dng "LSh Tegidiie - of'-.ﬂl‘@{_ da?rbonaceo’ﬁs

aag: agcording-to Clain 1 or Claim

52

35 rendefed . unifor throubh;aut the
- steaTning period_by -causing prow:tess:welv

’ dmnmshmu Proportions_of  non-super-
10 heatéd steam to _conbine wi ih the highly

superheated steam in.accord with 'I:he pro- 6. 1
eressively - diminishing - tampamtﬂre of

the. latter. during the ‘sieaming period. -
-4 - X process for- the” ploductmn of

15. wafm—ga.s aecerc'[mg_ to --any_of .the pre--
" ceding Clains & characterlsed by "the fea-

quring’ the® afr - blast

iraverses the..crrbonaceons matter ab; a_-j_
rate which limits the heat generated-in

=20 .‘che Ted bl “carbendcéous: Jantter $o - thak
Tt o a: febperature resulting o the
-3 ta~ the subqtantlal

AZ provess -for - the. pm&uc’cwn of’

_whéreb by fhe - ~temperature -of tha heat -
supply, ¥iz. the superhedt of the stepm,”

elclusmn of GOQ, in. order ﬂla.‘t by admls— .-
‘siom, of sepondary, afr -the greatest possible
heat is ‘made a.vaﬂa.hle for providing the-25 .
- stored up heat -in ‘the. rea'&nerators for -

interchanse to_ the steam in- coume of
superheatmg .
5, A process'-for

a- proé[uctmn Qf

:ﬁ's, I'-G'as accurﬂm
he process' ig carrm&
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[ This Drawing is a réproduction of the Original on e reduced. scale.]
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