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1 - 3 Claims.

This invention relates to the manufacture of
water gas and other industrial and power gases.

The invention is concerned with a process of
gas-making which is advantageously carried cut
with improved arrangements of apparatus com-
prising or consisting of a generator provided with
a grate, preferably an automatically operated
grate.

The term “generator” as used herein includes
& producer.

When using a generator provicad with an auto-
matically operated grate difficulties scmetimes
arise owing to the grate being subjected to too
high temperatures which render it necessary to
renew the grate at fairly frequent intervals. At-
tempts have been made to overcome this diffi-
culty by providing a jacket boiler around the
generator but this has the disadvantage of in-
creasing the fuel consumption. ~

It is an cbject of the present invention to
overcome this disadvantage.

It is a further object of the invention to pro-
vide an improved intermittent gas-making proc-
ess carried out in a generator of the grate type

without resort to a jacket boiler or similar means :

for withdrawing heat from the vicinity of the
grate and in which the thermal efficiency of the

process is improved by recovery and re-use in

the process of a large part of the heat that would
otherwise be carried out of the generator in the
ash or in the cooling water when a similar jacket

boiler or similar means has heretcfore been em- ‘

ployed.

- It is a still further object of the invention to
provide an improved apparatus including a gen-
- erator with or without a regenerator suitable for
use in the manufacture of all kinds of industrial
and power gases, for example blue water gas,
carburetted water gas and synthesis gases or gases
containing hydrocarbons such as benzene, tolu-
ene, butadiene or other olefines, in a satisfac-
tory and economical manner.

With these objects in view the present inven-
tion provides a process for the manufacture of
water gas and other industrial and power gases
employing a generator provided with a grate,
preferably an automatically operated grate, one
or more conduits disposed above the grate and
in the lower half of the generator for the intro-
duction or removal of fluids, one or more con-
duits disposed below the grate for the admission
or removal of gases or vapours used for the re-
actions and one or more conduits in the upper
part of the generator and at least 55% of the
height of the generator above the bottom ther=of,
Jor the introduction or removal of fluids.

20

The present invention also provides an ap-
paratus for the manufacture of industrial and
power gases which comprises a generator pro-
vided with a grate, preferably an automatically
operated grate; a reaction zone of incandescent
fuel, one or more conduits disposed above the
grate and below the bottom of the reaction zone,
for introduction and removal of fluids, one or
more conduits disposed below the grate, for the
admission or removal of gases or vapcurs used
for the reactions, and one or more conduits at
or above the top of the reaction zone for the
introduction or removal of fluids.

Furthermore,  the apparatus preferably - in-
cludes a regenerator which is connected to the
generator, for example by a conduit joining a
point at or near the top or the bottom of the
generator and a point at or near the top or the
bottom of the regenerator.

It will be understood that the apparatus ac-

" cording to the invention will include means for
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introducing fuel into the generator and removal
of ash and valves necessary for controlling the
flow of fluids through the generator and re-
generator and may also include conduits addi-
tional to those mentioned above.

A few embodiments of the invention will now
be described by way of example with reference
to the accompanying diagrammatic drawings, in
which like parts are indicated by like reference
characters, and in which: )

Fig. 1 is a diagrammatic drawing of an ap-
paratus according to the invention suitable for
the manufacture of blue water gas; -

Fig. 2 is a similar drawing of an apparatus
suitable for the manufacture of carburetted water
gas; ,

Fig. 3 is a similar drawing of an apparatus
suitable for the manufacture of synthesis gas;

PFig. 4 is a similar drawing of a simplified ap-
paratus consisting of a generator only for the
manufacture of blue water gas;

Fig. 5 is a similar drawing of a simplified ap-
paratus consisting of a generator only for the
manufacture of carburetted water gas;

Fig. 6 is a similar drawing of a simplified ap-
paratus consisting of a generator only for the
manufacture of synthesis gas;

Fig. 7 is a similar drawing of an apparatus
consisting of a generator and two superheaters
for the manufacture of carburetted water gas;

Fig. 8 is a similar drawing of an apparatus ccn-
sisting of a generator and a sunerheater for the
manufacture of carburetted water gas;

Fig. 9 is a simular drawing or an apparatus
consisting of a generator and a regenerator di-
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vided into two parts for the manufacture of
carburetted water gas;

Fig. 10 is a similar drawing of a modification
of the apparatus shown in Fig. 9;

Fig. 11 is a similar drawing of an apparatus
consisting of a producer and a regenerator for
the manufacture of producer gas;

Fig. 12 is a similar drawing of an apparatus
consisting of a generator and regenerator for the
manufacture of carburetted water gas;

Fig. 13 is a similar drawing of an apparatus
consisting of a generator and two regenerators
for the manufacture of synthesis gas, and

Fig. 14 is g similar drawing of an apparatus
consisting of a generator and two regenerators,
also for the manufacture of synthesis gas.

Referring to Fig. 1 of the drawings, the gener-
ator | has an automatically operafted grate 2.
The reaction zone is indicated by the numeral la,
the portion of the fuel bed above the reaction
zone by the numeral Ib and the ash bed by the
numeral fc.

The generator is provided with conduits 3, 4,
5,6,17,8,89, i0 and (1, controlled respectively by

valves 3a, 4a, 5qa, 6a, 1a, 8a, 9¢, 10a and {ia. The -

generator is joined to the regenerator {2 by the
conduit 13 controlled by valve 13a and the con-
duit 13 has connected to it conduits 14, §, 16, {1,
and 29 controiled respectively by valves i4a, 5a,
16a, 17a and 29a. At the bottom, the regenerator
12 is provided with a conduit {8 controlled by
valve 18a and connected to a further conduit 19
controlled by valve 19a. The conduit {9 has an
outlet conduit 20 controlled by valve 20a and an
inlet conduit 21 controlled by valve 2fa. Finally,
the regenerator 12 is provided in the side thereof
with another- conduit 23 controlled by a valve
23a having branches 24, 25 and 36 controlled re-
spectively by valves 24a, 25¢ and 36a and addi-
tional conduits 26, 271 and 28 controlled respec-
tively by valves 26a, 27a and 28a are provided in
the side of the generafor.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

Blow cycle—The whole or the major part of the
air or other oxygen-containing gas employed is in-
troduced through the conduit 4 and is pre-heated
by the heat stored in the ash bed ic above the
grate 2 resulting from a previous operation. In
the reaction zone a part of the fuel is burnt and
a part of the heat of the blow gases formed re-
mains in the reaction zone la. The blow gases
leave the reaction zone at the average tempera-
ture thereof and may be used alone or with the
addition of secondary air supplied through con-
duit 6 to pre-heat the fuel ib above the reaction
zone and then leave the generator at a pre-de-
termined temperature via conduit 8. The blow
gases alone or in admixture with additional fuel
admitted through conduit 16 and if necessary
with additional air or other oxygen-containing
gas admitted through conduit 1T are used for
heating the regenerator 12, and the gases leav-
ing the regenerator by conduit 18 are used for
generating steam required for the process or for
other purposes.

Gas making cycles

(a) Down gas making cycle—Steam and/or
carbon dioxide alone or in admixture with other
gases (according to the properties desired in the
gas to be produced) are introduced into the bot-
tom of the regenerator 12 by conduit I8 or by
a separate conduit (not shown) and are heated
therein to a pre-determined temperature. The

4

gases leave the regenerator 12 by conduit 13 and
either alone or in admixture with steam and/or
water and/or carbon dioxide admitted througn
conduit 14 are introduced into the generator |
through one or more of the conduits 6 (via 29),
1, 8,9, 10 and (1. The gases then pass through
the reaction zone fa. After leaving the reaction

- zone a part of the gases produced together with
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undecomposed steam and/or carbon dioxide may
be removed via conduits 26 and 21, or a part of
the heat of the gases produced may be stored in
the ash bed Ic above the grate 2 and the gases
removed via conduits 3, or only a part may be
removed via conduits 3, the remainder being re-
moved via conduit 4. If a part of the gases 1s
removed via conduit 4 it may be cooled if re-
quired before reaching the grate by the injection
of water or steam or other gases or oil by conduit
28. The sensible heat of the gases leaving the
generator may be used for the generation of
steam. If desired part of the gases leaving the
generator may be re-cycled via conduit 19 to the
regenerator, the remainder being removed via
conduit 20. Additional water and/or steam may
be admitted if desired through conduit 21.

(b) Up gas making cycle—Steam and/or car-
bon dioxide is introduced into the generator i
through the conduit 4 and is superheated or pre-
heated by the heat stored in the ash bed ic¢ above
the grate 2. The steam and/or carbon dioxide
then passes through the reaction zone fa and the
products are removed through one or more of
the conduits 7, 8, 9, 10 and (f according to the
properties required in the gas to be produced and
the nature of the fuel used. The gases leaving
the generator via the conduit (3 are removed via
conduit §.

Referring now to Fig. 2 of the drawings, the
apparatus is similar to that shown in Fig. 1 but
in addition is provided with conduits 15, 30, 31,
32, 33, 34, 35, 31, 38, 39, 40, 46 and 47 controlled
respectively by valves {5a, 30a, 3iq, 32a, 33qa, 34q,
3%a, 31a, 38a, 3%a, 40a, 46a and 471qa.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

Blow cycle—~This is carried out as described
above with reference to Fig. 1 of the drawings
except that water and steam may be introduced
into the blow gases through conduit 33 before
they enter the regenerator and oil or tar may be
introduced into the blow gases leaving the re-
generator 2 through conduit (8.

Gas making cycles

(a) Down gas making cycle—Steam and/or
carbon dioxide with or without one or more of
the substances oil, tar or hydrocarbon gases (all
of which will hereinafter be referred to as “oil”)
(according to the properties desired in the gas to
be produced) is introduced into the bottom of the
regenerator 12 by the conduit 18 or by a separate
conduit (not shown) and is heated therein to a
pre-determined temperature. The gases leave
the regenerator by the conduit 3. Steam and/or
water may be admitted by the conduit {4. Part
of the gas leaving the regenerator may be allowed
to leave the system by the conduit 46, oil being
introduced if desired through conduit 32, and can
be used for heating purposes or subjected to fur-
ther treatment. The gases in the conduit 13 are
then introduced into the generator | via one or
more of the conduits 6 (via conduit 29), 1, 8, 9,
10 and fI. Part of the gas from the conduit 13"
may, however, be sent via conduit 34 to be mixed.
with the gases leaving the generator via the con-
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duits 8 as hereinafter described. Ofl with or
without water or steam is injected by conduit 38.
The gases which enter the generator pass through
the reaction zone fa. After leaving the reaction
zone g part of the gases produced together with
undecomposed steam may be removed via con-
duits 28 and 27, and further oil and/or steam or
weter may be injected via conduits 38 and 39, or
a part of the heat of the gases produced may be
stored in the ash bed lc above the grate 2 and
the gases removed via conduits 3 or only a part
may be removed via conduits 3, the remainder
being removed via conduit 4. If water is added
via conduit 38 the gases in the conduit 26 may
be sent to the regenerator for further heating
via the conduit 48. If s part of the gases is re-
moved via conduit 4 it may be cooled if required

before reaching the grate by injection of water or -

steam or other gases by a conduit 28 controlled by
& valve 28a. The sensible heat of the gases leav-
ing the generator may be used for the generation

of steam. If desired part of the gases leaving the .

" generator may be re-cycled via conduit 19 to the

10

18

regenerator, the remainder being removed via

conduit 20. Additional water and/or steam may
be admitted if desired through conduit 21. i
(b) Up gas making cycle—Steam is introduced
into the generator 1 through the conduit 4 and
is svperheated by the heat stored in the ash bed
lc above the grate 2. The steam then passes
through the reaction zone la and the products
are removed through one or more of the con-
duits 6 (via 29), 7, 8, 9 and iI. The gases leav-
ing via conduits 1, 8, and 8 pass through conduit
13 and if desired may leave the system via con-
duit 5. Additional oil may be injected through
one or more of the conduits 30, 31 and 31. Fur-
. thermore, steam or water may also be introduced
through conduit 37 and it will be seen that the
gases passing through conduit {1 reach the regen-
erator at the bottom thereof via conduit 41. .Dur-
ing their. passage up the regenerator they are
further heated and further oil may be injected
through one or more of the conduits 15, 32 and 33.
Instead of removing gases through conduit 46
they may be fed through conduits 13 and 29 and
removed vig conduit 6 in which they may be
mixed with gases leaving generator via conduit 6.
Referring now to Fig. 3 of the drawings, the
apparatus is similar to that shown in Fig. 1 but
in addition it is provided with conduits 41, 42,
43, 44 and 45 controlled respectively by valves
dla, 42q, 43a, 44a and 45a. N
Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:
Blow cycle—This is carried out as described
above with reference to Fig. 1 of the drawings ex-
cept that additional air may be introduced via
conduits 43 and 44 and g part or the whole of the
blow gases may be removed through one or more
‘of the conduits 6, {0, 11 and 45. .

Gas making cycles ’
(a) Down gas making cycle—Steam and/or

‘carbon dioxide and/or hydrocarbons alone or in.

admixture with other gases (according to the
properties desired in the gas to be produced) are
introduced into the bottom of the regenerator i2
by the conduit 18 or by a separate conduit (not
shown) and are heated therein to a pre-deter-
mined temperature. The gases leave the regen-

erator 12 by the conduit 13 and are introduced

into the generator { through one or more of the
conduits 1,8, 9, 10 and (1. The gas is then passed
through the reaction zone fa. After leaving the

25

reaction zone the whole or a part of the gases imnay
be removed through the conduits 26 and 27 or a
part of the heat of the gases may be stored in
the ash bed Ic above the grate 2 and the gases
removed via the conduit 4. If desired part of the
gases leaving the generator may be re-cycled via
conduit {9 to the regenerator 12, the remainder
being removed via conduit 20. Additional water
and/or steam may be admitted if desired through
conduit 21.

(d) Up gas making cycle—Steam and/or car-
bon dioxide and/or hydrocarbons glone or in ad-
mixture with other gases (according to the prop-
erties desired in the gas to be produced) are in-
troduced into the bottom of the regenerator 12
by the conduit 18. The gases leave the regenerator
12 by conduit 41, additional water and/or steam
and/or carbon dioxide teing introduced if desired
through conduit 42. The gas is then passed
through the conduits 3 into the generator | pass-
ing through the reaction zone la and leaving via
the conduits 1, 8, 8 and 13. Alternatively a part
or the whole of the gases may leave the system
without passing through the generator.

The depth of the reaction zone ie may be reg-
ulated by controlling the pre-heat temperature
of the air, the velocity of the blow gases, and by
introducing and removing the air and the gases
produced and the blow gases at varying points of
the generator. :

If oil gas is to be produced it is advantageous
to generate producer gas in the generator instead
of blue water gas. A part or the whole of the
producer gas may be burnt by means of air or
other oxygen-containing gases and the sensible
heat of the product may be used directly or indi-
rectly (i. e. using a regenerator and using the
regenerator alternately for heating gases or va-

- pours and using the sensible heat of these gases

40

60

70
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“other cycle.

leaving the regenerator for cracking) to crack oil
or hydrocarbon gases. Similarly a part or the
whole of the water gas may be burnt and used in
the same manner if the apparatus is used for
making water gas instead of producer gas.

More than one regenerator may be used or one
regenerator may be divided into two parts inter-
connected by a conduit and valve, in which case
both parts are heated together in one eycle and
the two parts used for different purposes in the
This embodiment of the invention
is described more fully hereinafter with reference
to Figs. 10 and 11 of the drawings. The gases,
etc., may be taken out of or brought into the re-
generator at different points with predetermined
temperatures, for example by using the conduits
23, 24, 28 and 3, and if desired re-cycled by means
of the donduit 35. »

Referring to Fig. 4 of the drawings, the gener-
ator { is similar to that shown in Fig, 1 of the
drawings, but as will be seen from the drawing is
a simplified form of apparatus.

Solid fuel such as coke is introduced into the
generator and the plant is operated as follows:

There are no separate blow cycles, and gas is
made alternately in the down and up directions.

(a) Down gas making cycle—Oxygen together
with steam and/or carbon dioxide is introduced
through the conduit 9 and the blue water gas pro-
duced leaves through the conduits 3.

(b) Up gas making cycle—Oxygen and/or
steam and/or carbon dioxide is introduced
through conduit 4, and oxygen together with
steam and/or carbon dioxide is introduced
through conduits 3, the blue water gas produced
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feaving through conduit 9. Ash is removed auto-
msgtically through the automatic grate 2.

Referring to Fig. 5 of the drawings, this illus-
trates a somewhat more complex form of the
generator shown in Fig, 4 of the drawings, and is
suitable for the manufacture of carburetted
water gas or oil gas.

In addition to the parts shown in Fig. 4 the ap-
paratus also comprises conduits 53, 54, 58, 56 and
58, controlled respectively by valves 53a, 54a, §5a,
56a and 58a, and heat exchanger or boiler 57.

Solid fuels such as coke is introduced into the
generator | and the apparatus is operated as fol-
lows when manufacturing carburetted water gas.

There is no separate blow cycle and the gas
making cycles are effected as follows:

(@) Down gas making cycle—Oxygen together
with steam and/or carbon dioxide is introduced
through the conduit 9, being pre-heated in the

heat exchanger 51, and the gas formed in the :

reaction zone {a passes through part of the ash
bed fc, a part passing through conduits 3, oil
and/or tar being injected through the conduits
53 and 54, the carburetted water gas produced
leaving the apparatus through the bottom branch
of the conduitg 3. The remainder of the gases
produced passes through the whole of the ash bed
Ic and leaves via the conduit 4.

(b)Y Up gas making cycle~—Oxygen together
with steam and/or carbon dioxide is introduced
through the conduit 58, proceeds through the ash
bed ic, in which it is heated. A part of the gases
produced in the reaction zone la leaves via the
conduits 6 and (i, oil and/or tar being injected
through the conduits 55 and 56 respectively.
The remainder of the gases produced leaves
through the conduit 9, giving up heat to the boiler
or heat exchanger 57.

The apparatus can also be employed for the
manufacture of oil gas, in which case the gen-
erator | is substituted by a gas producer, in which
producer gas is manufactured instead of water
gas, and steam or steam and air is employed in-
stead of oxygen together with steam and/or car-
bon dioxide. In this case a part of the producer
gas may be burnt before injecting the oil.

Referring to Fig. 6 of the drawings, this illus-
trates an apparatus suitable for the manufacture
of synthesis gas and is a modified form of the
apparatus shown in Fig. 5, in which the heat ex-
changer 57 is omitted and additional conduits
59, 60, 61, 62, 63, 64, 65 and 66, controlled respec-
tively by valves 59a, 60a, 6ia, 62a, 83a, 64a, 65a
and-66a are provided.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

There is no separate blow period and the gas
making cycles are affected as follows:

(@) Down gas making cycle.—Oxygen together
with steam and/or carbon dioxide is introduced
through the conduit 8 and a part of the gases
formed in the reaction zone la leaves through
the conduits 3, hydrocarbons or hydrocarbon-
containing gases and steam and/or carbon diox-
ide being introduced through the conduits 53 and
54 and oxygen with or without steam and/or car-

bon dioxide being introduced through the con--

duits §9 and 80, the synthesis gas leaving through
the bottom branch of the conduits 3. The re-
mainder of the gases produced in the reaction
zone la passes through the ash bed fc and leaves
through the conduit 4.

(b) Up gas making cycle—Oxygen with or

without steam and/or carbon dioxide is intro--

duced through the conduit 68 and a part of the

<
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gases formed in the reaction zone fa leaveés
through the conduits 6 and {1, hydrocarbons or
hydrocarbon-containing gases being introduced
through the conduits 65 and 66 and steam and/or
carbon dioxide being introduced through the con-
duits 63 and 64, the products flnally leaving
through the conduits 61 and 62. The remainder
of the gases produced in the reaction zone leaves
through the conduit 9. Heat exchangers or boil-
ers, or water, steam or gas injection may be used
to cool the gases before they reach the valves,
" Referring to Fig. 7 of the drawings, this illus-
trates an apparatus suitable for the manufac-
ture of carburetted water gas consisting essen-
tially of a generator and two superheaters. The
generator resembles in general the generator
shown in Fig. 4 of the drawings, but it has in ad-
dition conduits 53 and 54 similar to those shown
in Figs. 5 and 6 of the drawings and also conduits
67, 68 and 89, controlled respectively by valves
871a, 68a and 69a.

The generator is connected to the first super-
heater T0 by the conduit Ti controlled by valve
Tia leading from the bottom branch of the con-
duits 3, the conduit T having a conduit 12 con-
trolled by valve 12a connected thereto. The su-
perheater 18 is connected to the superheater 73
by the conduit 14 controlled by valve Tda, hav-
ing connected thereto the conduit 15 controlled
by valve 15a. An exit conduit 76 controlled by
valve T6a is connected to the bottom of the super-
heater 13 and a re-cycling system is provided by
conduit 77 controlled by valve 11a, pump 18 and
conduit 19 controlled by valve 19a. In addition,
further conduits 86, 841 and 82, confrolled re-
spectively by valves 80a, 81a and 82a are provided
for the introduction of gases as hereinafter de-
scribed.

Solid fuel such as coke is introduced into the
geherator | and the plant is operated as- fol-
lows:

The steam is introduced through the conduits
69, 68 and 67 into the generator { and a part of
the gases formed in the reaction zone la passes
to a part of the ash bed lc and leaves via the
conduits 53 and 54. The gases leaving the bot-
tom branch of the conduits 3 pass via the con-
duit T into the superheater 70, oil being intro-
duced through the conduit 12. The gases leav-
ing the superheater 10 pass through conduit 74,
further oil being introduced through the conduit
15. The gases then pass into the superheater 13
and leave via conduit 16, further oil being intro-
duced through conduit 80. If desired a part of
the gases leaving the superheater 13 may be re-
circulated thereto via conduits 17, pump 78 and
conduit 79, further oil being introduced through
conduit 8f. Alternatively, the pump 78 may be
omitted and the circulation may be effected by
steam injected through conduit 82. If a pump
is employed the temperature of the gases should
not be too high at the stage at which they pass
through the pump.

Referring to Fig. 8 of the drawings, this shows
an apparatus suitable for the manufacture of car-
buretted water gas comprising a generator,
which is similar to that shown in Fig. 4 of the
drawings, together with a superheater 10 simi-
lar to that shown in Fig. 7 of the drawings. The
apparatus also comprises conduits 83, 84, 85, 88,
87 and 88, controlled respectively by valves 83a,
84a, 85a, 88a, 87a and 88a.-

Solid fuel such as coke is charged into the gen-
erator | and the plant is operated as follows:

Steam and/or carbon dioxide with or withou$
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afr is Introduced into the generator { via condult
9 and a part of the gases produced in the reac-

tion zone la passes through a part of the ash bed

fc into the conduits 8, ofl being introduced
through conduits 53 and B4, the carburetted water
gas thus produced leaving through the bottom
branch of the conduits 3. The remainder of the
gases produced passes through the whole of the
ash bed fc into the condult 4, a part leaving
through this conduit and the remainder passing
through conduit 83 into the superheater 70,
leaving via conduit 87, air, oxygen, steam, carbon
dioxide, oil or tar or a mixture of these being
Introduced through the conduit 88 and oil being
introduced through conduit 88. A part of the gas
passing through conduit 83 may be led off through
conduit 84, ofl being introduced through conduit
88.

Referring to Fig. 9 of the drawings, this shows
an apparatus suitable for the manufacture of
carburetted water gas comprising a generator and
a regenerator divided into two parts. The gen-
erator is in general similar to that shown in Fig.
1 of the drawings, but with modifications in the
conduits connecting the generator with the re-
generator. Thus the generator 1 is connected to
the lower part 89 of the regenerator by the con-
duit 80 controlled by valve 90a, which has
branches 9 and 92 controlled respectively by
valves 91z and 92a connecting the conduit 80 with
the conduits 3. The generator f is also provided
with conduits 93 and 94 controlled respectively
by valves 93a and 94a, the conduit 94 being con-
nected to the conduit 9¢ by the conduit 95 con-
trolled by valve 864, which in turn is connected
by the conduit 88 controlled by valve 98¢ to the
conduit 83. Conduits 97 controlled by valve 97a¢
and 108 controlled by valve 108a connect the top
of the generator { with the top part 98 of the re-
generator. In addition, an exit conduit 99 con-
trolled by valve 88a is provided and also inlet
conduits 100, 101 and 161b controlled respectively
- by valves (00a, {CGla and 0ic. The upper part
98 and the lower part 89 of the regenerator are
connected with a conduit 102 controlled by valve
192q, the conduit 102 being connected with the in-
let conduit 103 controlled by valve 103¢, whilst a
further conduit 104 controlled by valve 104a is
provided at the bottom of the lower part 89 of
the regenerator, the said conduit 104 having a
branch conduit {05 controlled by valve {06z for
the purpose hereinafter specified.

Solid fuel such as coke is introduced into the
. generator | and the plant is operated as follows:

Blow cycle—This is carried out by introducing
air via condu'ts 8 and 4, thereby heating the
reaction zone la, the blow gases leaving through
conduit 97 and thence proceeding via conduit {06
through the upper part 98 of the regenerator, and
thence via conduit 102 to the lower part 89 of
the regenerator, the gases being removed through
conduit 104. Additional air is admitted through
conduit (01 in the first part of the regenerator
and through 101b in the second part of the re-
generator. The blow gases entering the upper
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waﬁer gas produced leaves through conduits 93
and 94 and s carburetted. by oil which has been
admitted through conduit 105, pre-heated in the*
lower part 89 of the regenerator, and then ad-
mitted through conduit 90 and thence through
conduits 86 and 96 into the conduits 94 and 93

.respectively. The remainder of the water gas

produced leaves through conduit 97 and is mixed
with gas from the conduit {06, which is produced
as follows: Steam is admitted through conduits
103 and 102 into the upper part 98 of the regen-
erator in which it is heated, and oil is admitted
through conduit 101 and is cracked by the sen-
sible heat of the steam leaving the upper part
98 of the regenerator. Mixed gases from the con-
duits 87 and 108 are removed via conduit 98.

(b) bown gas making cycle—Steam is ad-
mitted through conduit 103 and passes via con-
duit 102 into the upper part 98 of the regenerator,
in which it is pre-heated to a temperature of,
for example, 1000° C. The pre-heated steam then
passes. via conduits 106 and 97 into the top of -
the generator 1, water gas being formed in the
reaction zone la. A part of the water gas leaves
via conduits & and is carburetted in the follow-
ing manner: Qil is passed through conduit {04
Into the lower part 89 of the regenerator and the
pre-heated oil then passes through conduit 86
and is split into two streams, a part going through

conduit 81 and the remainder through conduit
82. The remainder of the water gas produced
leaves through conduit 4.

Referring to Fig. 10 of the drawings, this shows
& modification of the apparatus illustrated in Fig.
9 of the drawings, and is also suitable for the
manufacture of carburetted water gas.

The generator and regenerator are in general .
similar to those shown in Fig. 9, with some con-
duits omitted and the following additional con-
duits provided: Conduits 53 and 54 controlled
respectively by valves 83a and 54a, similar to
those shown in Fig. 8 are provided, whilst the
conduit 107 controlled by valve 107a connects the
bottom branch of the conduits 3 and conduit §02.
A branch conduit {14 controlled by valve iida
leads from the conduit 107 to the conduit 4. Con-
duits 107 and 97 are connected by conduit 108

. controlled by valve 108a. A further.conduit {09

60
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part 98 of the regenerator may have g temperature -

of, for example, 1200° C., whilst those entering
the lower part 89 of the regenerator may have a
temperature of, for example, 450 to 600° C.

Gas making cycles

(@) Up gas making cycle—Steam is admitted
vhrough conduit 58 and passes through the ash
ed le in which it is superheated and thence
passes into the reaction zone fa. A part of the

70

(]

controlled by valve 109¢ is provided in the top
of the lower part of the regenerator, and has two
branches, {10 and i1, controlled respectively by
valves 110a and llla which in turn are con-
nected respectively to conduits {2 and {3, con-
trolled respectively by valves {{2¢ and (i3a. A
manifold {i5 is provided to collect the gases pass-
ing through conduits #12 and {3 and convey
them to the upper part of conduit {02. Conduits
1168 and 17 controlled respectively by valves {{6a
and [iTa in the regenerator part of the system
are also provided for the purpose hereinafter
specified.

Solid fuel such as coke is introduced into the
generator { and the plant is operated as follows:

Blow cycle—This is carried out by admitting
alr through conduit 104, the air being pre-heated
in the lower part 89 of the regenerator and pass-
ing via conduits 102, {07 and ( {4 into the conduit
4, through which it is admitted into the gen-
erator |. Reaction takes place in the reaction
zone fa and the blow gases leave through con-
duit 97, additional pre-heated air being admitted
through conduit 108 from conduit 107, whilst
still further air is admitted through conduit 100.
The blow gases then proceed via conduit 106 into
the upper part 88 of the regenerator, which is
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thereby heated, for exanipie to a temperature of
1000° C., the gases leaving the upper part 98 of
the regensrator then proceeding through conduit
102 to the lower part 89 of the regenerator, which
is thereby heated, for example to a temperature
of 450° C. The blow gases then leave through
conduit 104, .

Gas making cycles

(@) Up gas making cycle—Steam is admitted
through conduit 58 into the generator | and is
superheated by passage through the ash bed lc,
the reaction taking place in the reaction zone la.
The water gas produced leaves via conduits 112
and 113, oil for carburetting being injected
through conduits 110 and (i, which are sup-
plied with pre-heated oil as follows: Oil is ad-
m’tted through conduit 185 and passes through
the lower part 89 of the regenerator, where it is
pre-heated, and thence passes through conduit
109 to conduits 110 and (1{. The water gas car-
buretted in conduits 112 and {3 leaves via mani-
fold 15 and thence passes to the upper part of
conduit 102, through the upper part 98 of the
regenerator, and leaves through conduit (06.
The remainder of the water gas leaves throucgh
conduit 97 and thence passes through the conduit
186 and the conduit 116, in wh'ch oil is injected
through conduit (1.
water gas produced, without being carburetted
may leave through conduits 97 and 99.

(b) Down gas making cycle—Steam is intro-
duced through conduit 103 and is superheated in
the upper part 98 of the regenerator, and thence
passes via conduits 106 and 97 to the top of the
generator 1. Reaction takes place in the reaction
zone la and a part of the water gas produced
leaves through conduits 8, oil for carburetting
being introduced through conduits 53 and 54.
The remainder of the water gas leaves through
conduit 4. Oil introduced through conduits 53
and 54 may be pre-heated by passing it through
the lower part 89 of the regenerator.

Referring to Fig. 11 of the drawings, this shows
an apparatus comprising a generator and a re-
generator suitable for the manufacture of pro-
ducer gas.

The generator I, in addition to conduits 3 and
4 as used in other figures of the drawings, is pro-
vid-d with conduits 118 and 119 and 130, con-
trolled respectively by valves 118a, 1192 and 120a.
Conduits 118 and 119 unite in the manifold 121
controlled by valve 121a, which is provided with
conduits 122 and 123, controlled respectively by
valves 122q and 123a. The manifold 121 is con-
nected to the regenerator 12 by means of conduit
124, controlled by valve 124a, and the regenerator
12 is provided at its lower end with a conduit 125,
controlled by valve (25a.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

Gas making cycles

(@) Down gas making cycle—Steam and/or
air is introduced into the regenerator 12 throush
conduit 125 and thence proceeds through the re-
generator 12 to the conduit 124, steam or water
being introduced through conduit (23. The mixed
gases then proceed to the manifold 121, and
are introduced into the generator | through con-
duits 118 and 119. The producer gas leaves
the generator partly through conduits 3 and
partly through conduit 4.

(b) Up gas making cycle—Steam and/or air
is introduced into the generator { through con-

If desired, a part of the-
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duit 4, proceeding through the ash bed ic, and
the producer gas obtained leaves partly through
conduit 120 and partly through conduits {18 and
119, from whence it proceeds via manifold 121 and
conduit 124 to the regenerator {2, which is heated
thereby, the gas finally leaving through con-
duit 125.

Referring to Fig. 12 of the drawings, this shows
an apparatus somewhat similar to that illustrated

“in PFiz. 11 of the drawings, and suitable for the

manufacture of carburetted water gas.

The generator and regenerator are similar to
those shown'in Fig. 11. The generator | has at
the top thereof a conduit 126, controlled by valve
126a, which is connected by the conduit 127, con-
trolled by valve 127a, with the conduit {28, con-
trolled by valve 128a at the top of the regenera-
tor 12. A further conduit 137, controlled by valve
137a, is connected to the conduit 127 for the pur- -
pose hereinafter described. The bottom branch
of the conduits 3 is also connected to the bot-
tom of the regenerator 12 by means of a con-
duit 129, controlled by valve 129qa, said conduit
having a further conduit 1380, controlled by valve
13%a connected thereto. In addition, a conduit
131, controlled by valve 131a, is connected to the
conduit 128, whilst conduits {18 and {9 meet at
the conduit 132, controlled by valve {32a, which
has connected thereto two further conduits 133
and 134, controlled respectively by valves 133a
and {34a. A conduit (35, controlled by valve
135¢, joins the conduit 132 to the conduit 136,
controlled by valve 136a, which is connected to
the bottom of the regenerator.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

Blow cycle—This is carried out by admitting
air through conduits 3 and 4 into the generator f.
The blow gases leave through conduit 128 and
pass via conduit 127. Secondary air is introduced
throuzh conduit 137, and the gases then proceed
via conduit 128 into the regenerator 2. The
blow gases leave the regenerator 12 through con-
duit i36.

Gas making cycles

(@) Down gas making cycle—Steam is ad-
mitted through conduit 126 into the generator |,
water gas being formed in the reaction zone ta.
Part of the water gas formed leaves vig conduit
4 and the remainder leaves through conduits 3,
tar and/or oil being injected through conduits
53 and 54 to carburet the water gas. The gases
leaving the bottom branch of the conduits 3 pro-
ceed via the conduit 128 to conduit 138, steam
and/or water being injected through conduit 130,
The carburetted water gas then proceeds to the
regenerator 12 in which it is further heated and
additional oil is introduced through conduit (3.
If desired, a part of the gases produced can be
re-cycled to the generator | via conduits (27
and {26.

(b) Up gas making cycle—Steam is introduced
through conduit $8 into the generator | and the
water gas produced in the reaction zone ig leaves
through conduits 18 and (19 and then proceeds
via conduit 132, additional tar and/or oil being
injected through conduit 133 and water and/or
steam through conduit {34. The carburetted
gas then proceeds via conduit 135 and conduit
136 to the regenerator 12 where it is further
heated, and leaves via conduit 128, further oil
being injected through conduit 131. -

Referring to Fig. 13 of the drawings, this shows
an apparatus comprising a generator and two



2,524,840

13

regenerators. suitable for the mamxfa.cture of

synthesis gas from coal and residual gas of the
Fischer-Tropsch and similar syntheses.

In addition to the-generator (, the apparatus
comprises the regenerators 138 and (39 which are
connected together by the conduit 140, controlled
by valves 140a and 1804, and the regenerator 139
is provided with an outlet conduit’ 140b con-
trolled by valve {40¢c. The conduit (40 has con-
nected to it conduits 141, (42, 143, 184, {45, 148
and {47, controlled respectlvely by valves Illa,
142a, 143a, 184a, 145a, 146a and {4Ta. The re-
generator {38 has connected to the bottom there-

of a conduit 148, controlled by valve i48a, passing -

-through a heat exchanger (49 and having con-
nected to it conduit 150, controlled by valve 150a.
Conduit 148 is also connected to a conduit 151,
controlled by valve {5(a, which in turn is con-
nected by the conduit 152, controlled by valve
152¢, with the conduit (40. The conduit i5{
also has connécted thereto conduits 153. 154 and
155. controlled respectivelv by valves 153q, (§4a
and {55a. The conduit (40 is also connected to
the regenerator i39 by conduit {856, controlled
by valve 156a. A conduit 159, controlled by valve
{591, is alen nrovided whirh i0ins the ‘eonduits 3
with a conduit 168, controlled by valve {60a, con-
nected to the bottom of the regenerator 139,
The conduit #60 also has connected thereto con-

duits (81 and 162, controlled respectively by
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valves {6ila and 162¢. The generator | has con-

nected thereto conduits 163, 164.
controlled respectively by valves {83a, {64c, 185a

and (66z. The conduit 165 has connected there- ~

to conduits {67 and {68, controlled respec-
tivelv: by valves (6Ta and (RRa. whilst the
condult 166 has connected thereto conduits
1868 and 70 controlled resvectively by valves
1692 and -110a. 'The conduits 165 and 168
meet and are joined to the conduit {7{, con-
trolled by valve (Tia, which is connected to the
conduit 140. The generator is also provided at
the top thereof with a conduit 172 controlled by
valve 172¢. connectine it with the conduit 140.
The conduit {40 also has a. branch conduit {73,
controlled bv valve (13a.

Coal is introduced into the generator { and the
plant is overated as follows:

First blow cycle~—Air is admitted to the gen-
erator {1 through conduit 8, secondary air being
admitted through. conduits 163 and (64 or 167
and 169. Steam which may be super-heated or
other gases may be admitted through conduits
163 and 164 and a part of the blow gases produced
leaves the generator | through conduits 165 and
186, and reaches the conduit (40 via conduit 171,
lquid or egaseous fuel being introduced throuesh
conduits 168 and 170. The remainder of the blow

gases leaves the generator 1 via conduit 112 and’

thus also reaches the conduit 140. The gases

in the conduit 1406 pass into the regenerator 139,

165 and (68, -

60

passes into the reaction zone {a whereln water -
gas is made, and the other part passes through
the fuel bed Ib, carbonises the- coal and leaves
through conduits 170 and 88 and thence may
pass either into the regenerator 138 via conduit
140 or is sent for purification via conduits 140,
152 and 151, At the same time stegm, residual
gas and carbonisation gas are admitted through
conduit 173 into the regenerator 8. The prod-
ucts leave through conduit {48 and are sent to
the synthesis plant via conduit 153. If desired, a
part or the whole of the steam may leave the re-
generator 139 through conduit 1586. .

Superheated steam may be admitted through
conduit (44 in which case the regenerator (38
may be used for other purposes such as decom-
position of residual gases or carbonisation gases
admitted through conduit 162.

Up gas making cycle—Steam is admitted
through conduit 4 into the generator i, a part
of the gas produced leaving through conduits
165 and (66. Additional steam which may be
superheated is admitted through conduits (87
and 188, the gas then proceeding through con-
duit 17f into conduit {40. 'The remainder of
the gas produced in the generator leaves throueh
conduit {72 and thence passes into conduit #48.
The gas in conduit 140 is either sent to the re-
generator 138 or is removed for ¢roling and puri-
fication via conduits (52 and {8i. If desired.
water and/or steam and/or carbon dioxide is ad-
mitted through conduit {43. residual gas being

‘admitted throusgh conduit 142 and steam being -
. admitted through conduit 41.

The gases leave
the regenerator 138 through conduit 48, passing
through heat exchancer 149. At the same time
the regenerator {39 is heated bv burning addi-
tional gaseous or liquid fuel introduced through
conduit 146 by means of air introduced through
conduit 147..

Second blow’ cucle. --Residual gas Is admitted
throurh conduit 161 and steam throuzh conduit
{62 into the regenerator 139. The decomposed
gas leaving the regenerator (39 passes via con~ -

duit 140b to the synthesis plant.

At the same time air is admitted throueh con-
duit 4 and passes through the ash bed le, the re-
action zone fa, and a part leaves the renerator
through conduits 165 and 166, the remainder
leaving through- condnit {72, both parts then

- being sent to the regenerator 138 throuesh con-

duits 140, t52, 151 and (48 after admission of

© fuel through conduit 154 and air throuszh con-

55

additional liquid or gaseous fuel being admitted -

through conduit 146 and additional air through
conduit. i47. . The -gases leave the: regenerator
139 through conduit 160. Residual gas from the
synthesis plant with steam is admitted into the
regenerator 138 through conduit 141, the decom-
posed gases leaving the regenerator 138 through
conduit {48 after passmg through the heat ex-
changer 149.

Down -gas making cycle —-Steam is a.dmitted

through conduit 161 into the regenerator 39.:

The steam' leaves the regenerator 139 throuch
conduit 140 and passes through conduits (71, 165
and 166 into the fuel bed tb. A part of the steam
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duit 153. The gases leave the regenerator . 138
via conduit {73. Steam or carbon dioxide which
mav be snoerheated may be -admitted through
conduits 163 and 164. '

Referrine to Fie. 14 of the drawings, this shows
an apparatus consisting of a generator and two
rerenerators, which mav-be rezarded as a sim-
plified form of the apparatus shown in Fig. 13,
and can - also be used for the manufacture of
synthesis gas.

The generator {-has conduits which are re-
ferred to in previous figures of the drawings, and
is connected to the regenerator 138 by the con-
duits - {75 and 187, controlled respectively by
valves {75 and i8%7a, and to the regenerator
139 by the conduits 178 and (80, controlled re-
svectively by valves 116a and 180a. The con-

duit {75 continues as conduit 186; controlled by

valve 186a, and the conduit (8T has connected

" to it two further conduits 188 and 189, controlled

respectively by valves 188a and (89a. Likewise,
the conduit 180 has connected to it conduits
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1719 and i8I,

‘controlied respectively by valves -
119a and lala, whilst the conduit 176 has con- .

nected to it the conduit 171, cortrolled by valve i

111a. The conduit {58, controlled by valve 158a,

connects the conduits 175 and 148.- The conduit -

158 has connected thereto conduits 192 and 193,
controlled respectively by. valves 192a  and (93a.
The conduit 9 is continued as the conduit 174,
controlled by valve |14a, and the conduit (15
has connected to it the conduit 151 controlled
by valve 157a. At the bottom of the regenerator
138 there is connected the conduit 148, controlled
by valve 148a, to which is connected the conduit
190, control'ed by valve {90a, and the conduit
191, controlled by valve (91a. Likewise, the con-
duit (82, controlled by valve 182q, is connected
to the bottom of the regenerator 139 and has
-connected to it the conduit 183, controlled by
valve 183¢; and the conduit 188, controlled by
valve 184a.

Solid fuel such as coke is introduced into the
generator | and the plant is operated as follows:

First blow cycle.—Air, which may be pre-heht-.

ed, is introduced through conduit 4 inté' the
generator |, and secondary air is introduced
through conduits {63 and 164. The blow gases
leave the generator | by the conduit 9 and pro-
ceed through conduits 175 and 180 into the re-
generator 139, additional fuel being introduced
through conduit 178 and additional air through
conduit {8f. The blow gases leave the regener-
ator 139 by the conduit 182. Steam and/or car-

bon dioxide is admitted through conduit 190 -

-and residual gas and/or other hydrocarbon-con-
taining fuel is admitted through conduit 191, the
mixture proceeding through -conduit (48 into
the regenerator 138, the gases leaving by the
conduit (81. The gases are then removed
through conduit 186.

Down gas making cycle—Steam and/or car-
bon dioxide, with or without residual gas, is ad-
mitted through conduits (83 and 184 into the
regenerator 139, and the gases leave through
conduit 180. Further steam and/or carbon di-
oxide is admitted through conduit {78 and wa-
ter and/or steam and/or carbon dioxide through
conduit (77, whilst superheated steam or pre-
heated carbon dioxide is admitted through con-
duit {14, and the gas mixture then proceeds via
conduit 9 into the top of the generator 1, a part
of the gases produced leaving through conduit
4 and the remainder leaving through conduits 3.
Steam and/or carbon dioxide is also admitted
through conduit 190 and residual gas through
conduit 194 into the regenerator (38, and the
gases produced leave through conduit i86.

Up gas making cycle—Steam is admitted
through conduit 58 into the generator { and the
water gas produced is removed through conduits
9 and 151. Fuel is admitted through conduit 118
and air through conduit (81, the gases leaving
the regenerator {39 through conduit 182. Steam
and/or carbon dioxide is also admitted through
conduit 186 and residual gas through conduit
189 into the regenerator (38, the gases leaving
the regenerator {38 through conduit 148.

Second blow cycle—Air is admitted through
conduit 4 into the generator 1, secondary air be-
ing admitted through conduits 163 and 164. The
blow gases leave through conduit 9 and are sent
through conduits {15 and 158 to the regenerator
138, air being admitted through conduit 193 and
additional fuel through conduit 192. The gases
leave the regenexator 38 through conduit 187.
Steam and/or carbon dioxide is also admitted
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through conduit 183 and residual.gas through
conduit ‘184 into the regenerator I39 the gases

" produced leaving through conduit 178.

Some examples of the use of the apparatus ac-

‘cording 'to the invention will now be given. ’

1. Manufacture of blue water gas

The apparatus shown in Fig. 1 of the drawings
was used blowing. periods being employed *

The fuel used was coke, which had an average
analysis of C=96.7%, H2=04%, - 02=04%,
5=1.2% and N2=1.3% (calculated on a dry ash-.
Iree basis) and its calorific value calculated on
the same basis was 8000 Cals. The gas produc-
tion per gas making period was 500 cubic metres
(calculated on a dry basis at 0° C. and 760 mms. E
pressure) ; the average temperature in the re-
action zone was 1100° C. and the average tem-
perature of the gases and undecomposed steam
leaving the reaction zone was also 1100° C. The
composition of the blue water gas produced was
CO0=42.8%, CO2=4.0%, H2=49.3%, CH«=0.4%
The composition of the blow
gases leaving the generator was COz2=16 0%,
C0O=8.0%, and N2=176.0%, and the air required
per cubic metre of blow gas was 0.96 cubic metre.

The heat (R) required for the chemical reac-
tion (taking into-account the composition of the
gas generated and the composition of the fuel
used) in the productmn of the blue water gas
as described above is 490 Cals. per cubic metre
of blue water gas produced, and is calculated
from the following formula:

R =7'coCO +7‘002002—2570[(C0 +2002)] bl

(2 — +2CH.)
rco=heat of formation of carbon monoxlde in
Cals.
rco,=heat of formation of carbon dioxzde in Cals.
CO, 'COz and CHi=the concentrations of carbon
monoxide, carbon dioxide and methane in the
gas, respectively.
Na=concentration of mtrogen in the gas.
Nc=concentration of nitrogen in the fuel.

Let the amount of carbon’ required to be di-
rectly converted into blue water gas per cubic
metre of blue water gas produced be denoted by
Cg; then Cg=0.536 (CO+CO2+CH4) =0.536
(0.428+-0.04040.0040) =0.253 kgms. of carbon.

Let the amount of carbon required for the
generation of 1 cubic metre of blow gas be de-
Hoted by Cc; then Cc=0.536 (CO+COz2) =0.536
(0.084-0.16) =0.131 kgm. _

300 cubic metres of gas were made in the down
gas making cycle using 151 kgms. of steam and
200 cubic metres were made in the up gas mak-
ing cycle using 101 kgms. of steam. Blowing up
effected in the up direction. '

Down gas making cycle~The sensible heat of
the gases produced and.undecomposed steam
leaving the reaction zone la was 126,000 Cals.
The sensible heat of the gases leaving through
the conduits 3 was 16,300 Cals. and the sensible

. heat of the gases leaving through conduit 4

70
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was 10,700 Cals., making a total of 27,000 Cals.
so that the heat stored in the ash ‘bed lc was
99,000 Cals. per cycle.

The heat taken out of the fuel bed 1b assum-
ing that the steam reaches the reaction zone
la at g temperature of 1050° C. is 151X 1050
0.513 — 151 X 120 > 0.447 = 81,000 — 8,000 =
73,000 Cals.

Up gas making cycle.—~The sensible heat of
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the gases leaving the reaction zone ia is 84,000
Cals.

The sensible heat of the gases leaving the
generator 1'is 29,000 Cals. so that the heat stored
in the fuel bed 1b is 55,000 Cals.

The heat removed from the ash bed fc by the
steam, assuming. that the steam enters the re-
action zone la at 1050° C. is 101X 1050<0.513—
101X 120X 0.447=>54,400—5,400-=49,000 Cals. The
sensible heat of the gases and undecomposed
steam leaving the reaction zone fa is 126,000
84,000—=210.000 Cals. per cycle. The heat re-
quired for the reaction is 500x 490==245,000 Cals.

The heat required for the production of 500
cubic metres of blue water gas, without taking
into account the heat introduced by the coke
and steam into the reaction zone is 210,000+
245,000=455,000 Cals. per cycle. The heat
brought into the reaction zone by the coke (as-
suming that the. coke contains 87.0% of carbon
and that the amount of coke used in the gas
making cycle is 0.290 kgm. per.cubic metre and
0.155 kgm. per cubic metre in the blow cycle),
the coke entering the reaction zone at 1090° C.,,
is: Gas making cycle, 0.290500X1090X0.377-=
60,000 Cals. Blow cycle, 0.155x5001090X
0.377=32,000 Cals. :

The heat brought into the reaction zone by
the steam is 81,0004-54,000=135,000- Cals., so
that the total heat brought into the reaction zone
by the steam and the coke in the gas meaking
cycle is 195,000 Cals. The heat to be stored by
the blow gases in the reaction zone per cycle is
455,000—195,000-=260,000 Cals.

'The amount of blow gases required to store
260,000 Cals. per cycle is calculated as follows:
The temperature of the blow gases leaving the
reaction zone is 1100° C. and the heat intro-
duced by 1 cubic metre of blow gases is 0.16 X
43641-0.08x1344=—807, to which must be added
the heat which is generated from the hydrogen
and sulphur present in the coke, which amounts
to 19 Cals. (after deducting the heat in the
gases leaving the reaction zone), so that the
total heat generated by 1 cubic metre of blow
gases is 826 Cals. As the gases leave the re-
action zone at 1100° C. the heat stored in the
reaction zone per cubic metre of blow gases
obtained from 0.96 cubic metre of air and 0.151
kgm. of coke is 826—1100<0.360=420 Cals. per
cubic metre of blow gases. The total heat to be
introduced with the blow gases, taking into
account the heat introduced with the coke in
the blow cycle and the heat introduced with the
air is 260,000— (32,0004-48,000) =180,000 Cals.
Therefore the amount of blow gases required
per cycle is 430 cubic metres and the amount of
air required 412 cubic metres per cycle.

The carbon required in the blow cycle to gener-
ate 1 cubic metre of blue water gas is

L0131

of carbon.

The total carbon consumption per cubic metre
of blue water gas produced, assuming the losses
to be 7.0%, is 0.3805 kegm. of carbon per cubic
metre, measured at 0° C. and 760 mms. pressure.

The thermal efficiency of the apparatus is

: 2,838
0.3805<8,000
The output or capacity of the apparatus is

very high, as only 520 Cals. require to be stored
per cubic metre of gas to be manufactured, The

=93.0%
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velocities of the gases are high and the tem-
pera‘;;ure drop in the reaction zone is not very
rapid.

In the above calculations, the sensible heat of
the air entering the generator at a temperature
of 20° C. and the sensible heat of the ash leaving
the generator at a temperature of 150° C. has
been ignored.

The heat stored in the apparatus at various
parts is as follows: In the down gas making
cycle, the steam removed from the fuel 73,000
Cals. and 99,000 Cals. is stored in the ash bed,
whilst in the up gas making cycle 49,000 Cals. is
removed from the ash bed by the steam and
55,000 Cals. is stored in the fuel bed. In the blow
cycle, 48,000 Cals. is removed from the ash bed
by the air, whilst 110,000 Cals. is stored in the
fuel bed.

Assuming that the cross-sectional area of the
generator is 10 square metres and that the fuel
bed outside the reaction zone is equivalent to 2
height of 1 metre, the amount of coke in this
part of the bed will be 6,000 kgms., and to store,
as in this case, 165,000 Cals. an increase of tem-
perature of 75° C. is required.

In the ash bed, to store 99,000 Cals., assuming
the same volume and the weight of the ash to be
900 kgms., an increase of temperature of 42° C. is
required. -

If the volume of the fuel and the ash is doubled,
the temperature increase or decrease per cycle will
be 37.5° C.and 21° C.

The storage of heat in the fuel and the ash
can also be varied and at the same time the tem-
perature of the gases used may be changed by
varying the amount of gas in the down and up
directions. :

Thus, for example, if the generator | is in oper-
ation and the temperature at the points where
the upper branches of the conduits 3 enter the
generator is too high, the temperature may be
lowered by increasing the thickness of the ash
bed fc and more heat is thus stored in the ash,
and the gas arrives with a lower temperature at
this point, and in the next up cycle and blow cycle
more heat is taken from the ash bed. Should the
temperature at the point where the conduit 4
enters the generator | be too high, more gases
may be taken out via conduits 3 and the tem-
perature at the point where the conduit 4 enters
the generator may thus be lowered.

The same considerations apply to the regula-
tion of the temperature outside the reaction zone
fa in the upper part of the generator, and this
may be regulated by increasing or decreasing the
thickness of the fuel bed and by taking out var-
jous amounts of the gases via the conduifs 8
and 6.

The temperature of the gases entering or leav-
ing the conduit 4 may also be regulated by the in~
jection of water and steam or gases. -

The variation in the depth and temperature of
the reaction zone is effected by changing the

temperature and velocity of the air entering the

reaction zone.
2. Manufacture of carburetied water gas

The water gas for the manufacture of the car-
buretted water gas is manufactured in the manner
described in Example 1 above.

The calculation of the heat required for the
cracking of the oil injected for carburetting the
water gas may be made as follows:

The weight of oil which can be cracked or used
for carburetting by utilising the sensible heat of
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the gases produced can be found by using a sim-
plified formula which I have developed, based
on results obtained in this method of cracking
of gas oil and which takes into account (1) The
sensible heat required to bring the gases obtained
and leaving the cracking zone to the temperature
of the cracking reaction, (2) The reaction heat
which is the difference between the heat in the
oil and hydrogen consumed in the cracking and
the products leaving the reaction zone, and (3)
The losses:

Si—8s
(t+z)(0.0004,+40.310)

=Sensible heat of the gases entering the crack-
ing Zone;

Sa=Sensible heat of the gases leaving the crack-
ing zone at the temperature ¢;

t=Temperature at which the cracking is accom-
plished;

=A factor which will vary according to the con-

ditions of the cracking and the yleld of the
products obtained in the cracking and which
may be calculated using the following formula:

Reaction hgat+losses
=7 0.0004i+0.310

Or if the oil is pre-heated and the pre-heat tem-
perature is t1 the formula is:

g kgs. oil= 5,8,
(i £2)(0.0004¢ +-0.310)—,(0.0004¢, --0.319)

If a regenerator is used for water gas produc-
tion from tar or the like there must be taken into
account the fact that the reaction heat of the
water gas production is negative and must be
provided by the heat stored in the checker bricks
or by the combustion of oxygen and part of the
fuel used. The hydrogen content of the fuel must
also be taken into account as the hydrogen does
not require reaction heat and steam. As the
calorific value of the gas obtained may be con-
siderably varied by the amount of steam or car-
bon dioxide used, it is necessary for the dimen-

" sions of the conduits to be sufficiently large to
have the required flexibility.

Part of the gases may be removed at different
points and in several streams from the regenera-
tor, and to obtain gases with different calorific
values and different compositions conduits should
be provided for this purpose.

The composition of the gases taken out at these
conduits may be regulated, in addition to the
above-mentioned ways, by the variation of: the
temperature of the reaction and the points of
the regenerator at which the gases are bled off.

g kgs. oil= wherein

3. Production of synthesis gas and synthesis

products from coal and residual gas (see Fig. 13
of the drawings)

A coal which after carbonisation gives 800 kems.
of coke, 330 cubic metres of gas and 25 kgms. of
tar per 1000 kgms. is introduced into a generator.
405 kgms. of coal are used per cycle and conse-
quently the amount of coke gasified in the re-
action zone per cycle amounts to 324 kgms. The
water gas has the following composition:
CO=42.0%, H2=52.5%, CH1=1.0%, CO2=2.5%
and N2=2.0%. The amount of coke required to
produce & cubic metre of this water gas can be
calculated as follows:

Down gas making cycle—The gases leaving the
" reaction zone consist of 525 cubic metres of water
gas and 52.5 kgms. of steam, and the sensible
heat of the gases leaving the reaction zone at a
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10

35

49

80

(111

75

temperature of 1100° C. is 525 1100¢0.33 4525 X
11000.517=221,000 Cals. The sensible heat in
the 300 cubic metres of water gas and 30 kgms.
of steam leaving the generator through conduits
3 at 500° C. is 300)(500)(0 317430500 0.47=
55,000 Cals.

The sensible. heat in the 225 cubic metres of
water gas and 22.5 kgms. of steam leaving the
generator through conduit 4 at 200° C. is 225X
200X 0.312+22.5x 200X 0.450-=16,000 Cals., so
that the total heat removed with the gases from
the generator is 71,000 Cals.

The heat stored in the ash bed is 150,000 Cals.
The sensible heat of 235 kgms. of steam entering
the generator from the regenerator at 650° C. is
235X 650 0.485=174,000 Cals. The sensible heat
removed from the regenerator with the steam is
235 650<0.485—235120X0.44=61,000 Cals.

The sensible heat in the steam entering the
reaction zone of the generator at 1000° C. is
2351000 0.510=120,000 Cals.

The heat removed from the fuel bed by the
steam is 120,000—74,000=46,000 Cals.

Up gas making cycle~—The gas leaving the re-
action zone in the up gas making cycle consists
of 225 cubic metres of water gas and 22.5 kgms.
of steam. The sensible heat of the gases leaving
the reaction zone at 1100° C. is: 225X1100X
0.334-22.5x1100x0.517-=95,000 Cals.. The sensi-
ble heat of the gases leaving the generator at
500° C. is 225x%500X0.317-4-22.5%500X0.470=
41,000 Cals.

The heat transmitted to the fuel bed by the
gases leaving the generator in the up gas making
cycle is 95,000—41,000=54,000 Cals.

The heat removed from the ash bed by the
steam entering the reaction zone at 1050° C. is
100-==1050%0.513—100< 120 0.447=49,000 Cals.

0.432 kgm. of coke were used for the production
of one cubic metre of gas and the coke directly
converted into water gas was 0.280 kgm. per cubic
metre of gas. 0.150 kgm. of coke is used in the
blow period per cubic metre of gas produced and
consequently the heat brought into the reaction
zone in the gas making period and blow cycle at
a temperature of 1050° C. will be 0.280x 1050 X
0.37%50-4+0.152 1050 0.37x50=125,000 Cals.

The blow gases leave the generator at 400° C
and the heat stored by the blow gases in the fuel
bed is 610X1100:X0.37—610Xx470X0.32=171,000
Cals.

The heat required to be stored in the reaction
zone per cycle without taking into account the
heat introduced by the coke and steam but taking
into account the heat of formation of the water
gas, i. €. 460 Cals. per cubic metre, is 221,0004
95,000-+-750 < 460—=661,000 Cals. per cycle.

The heat required to be stored in th. reaction
zone taking into account the heat infroduced
with the steam and coke in the gas making cycle
is 661,000 — (120,000-+-54,000-1-81,000) = 406,000
Cals., or 541 Cals. per cubic metre of water gas
produced.

The heat required to be introduced with the
blow gases taking into account the heat intro-
duced by the air and coke used in the blow cycle
is 406,000— 44,0004 (150,000—49,000) 1=256,000
Cals.

The amount of blow gases required per cycle
can be calculated as described above in Example
1 in connection with the production of blue water
gas, and amount to 610 cubic metres. The
amount of air required per eycle is 610X0.96=585
cubic metres. The air is pre-heated in the ash
bed to 540° C. The coke required per cubic metre
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of gas, taking into account a loss of 7.0% is
1,07 0.403=—0.43 kgm. per cubic meftre.

Using 405 kegms. of coal per cycle from which
is obtained 750 cubic metres of water gas of the
composition referred to above, there are obtained
133 cubic metres of carbonisation gases which
after decomposition in the regenerator give 240
cubic metres of gas having the following composi-
tlon: CO=27.0%, H2=70.0%, CHs=1.0% and
CO2+N2=2.0%, together with 10.1 kgms. of tar,
from which after-decomposition 40 cubic metres
are obtained having the following composi-
tion: CO=40.0%, Hz=57.0%, CH:«=1.0% and
. CO2+N2=2.0%.

Thus, from the 405 kgms. of coal, 1060 cubic
metres of gas are obtained having the following
composition: CO=38.0%, H2=57.5%, CHs=1.0%
and CO2+4-N2=3.5%.

This gas can be used as such for the Fischer-
Tropsch or similar synthesis (for instance for
production of olefine-rich products) or after ad-
justing the ration of CO:H; to 1:2, a gas of the
following composition is obtained: C0=32.0%,
H2=63.5%, CH+=1.0% and COz--N2=3.5%.

Assuming a contraction of 60% in the syn-
thesis oven and a yield of 106 gms. of liquid and
hydrocarbon gases containing three and four
carbon atoms in the molecule per cubic metre
of synthesis gas, the composition of the residual
gas will be: CO=30.0%, H:=51.0%, CH¢=10.0%
and CO24-N2=9.0%. From this gas decomposed
in the regenerators (as shown and described in
Fig. 14) 1.27 cubic metres of decomposed gas
can be obtained per cubic metre of residual gas,
having the following composition: CO0==30.7%,
Hz=61.5%, CH:=0.8% and CO24-N2=7.0%. A
part of this residusl gas is mixed with the water
gas and a part is taken out and treated sepa-
rately so as not unduly to enrich the synthesis
with carbon dioxide, nitrogen and the like.

The total amount of water gas and decomposed
residual gas is 1520 cubic metres per cycle, and
after being subjected to the synthesis process a
contraction of 60% is obtained, so that 608 cubic
metres of residual gas are obtained which after
decomposition give 770 cubic metres of gas, of
which 460 cubic metres are mixed with 1060
metres of water gas and 310 cubic metres are
treated separately, the amount of synthesis prod-
ucts obtained being 194 kgms. per 405 kgms. of
coal, so that the amount of coal required per
kgm. of synthesis products is 2.08 kgms.

For the heat required in the regenerators and,
it desired, for steam generation, the following
sources are available:

(1) The sensible heat in the blow gases leaving
the regenerators having an average temperature
of 400° C

2) The chemical or potential heat in the blow
gases containing 8% of carbon monoxide;

(3) The heat in the residual gases which are
obtainable from the synthesis gas which is
treated separately;

(4) The sensible heat of the decomposed gases
leaving the regenerator, which can be used if
required, in heat exchangers or boilers to pre-
heat the gases or steam required for the processes
or to generate steam.

It has been found that these amounts are suffi-
cient for the operation of the apparatus and it
has further been found that by using this appa-
ratus and using a coal having a calorific value of
7600 Cals. per kem., 63.0% of the calorific value
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carbon atoms in the molecule, and the output or
the capacity of the apparatus is very high.

Other fuels such as coke, anthracite, lignite or
peat may be used advantageously, and gases of
other compositions, such as those containing a
ratio of CO:H2 of between 1:1 and 2:1 (using
carbon dioxide instead of steam) may be advan-
tageously produced.

Even if the yield per cubic metre is lower prac-
tically the same results are obtainable but the
dimensions of the plant and the conduits must
be chosen accordingly, and the above method of
calculation assists in‘designing the plant.

The average inert content and composition of
the synthesis gases is 6% of carbon dioxide plus
nitrogen, and the composition of the synthesis
gas is: CO=31.0%, Hz—szo%, CH1=1.0% and
CO24-N2=—6.0%.

The composition of the gas treated separately
is: CO=30.T%, H2=615%, CH:=0.8% and
CO2+4-N2=7.0%. :

In all the embodiments described above the
blow cycle may be carried out in the up and down
directions, if desired.

The operation of “purging” may be introduced
where required in any of the embodiments re-
ferred to above.

I claim:

1. An intermittent process for the manufacture
of water gas in a generator operated to produce
an ash bed resting on a grate in the bottom
thereof, a reaction zone above the ash bed, formed
by blasting the fuel to incandescence, and a fuel
bed above the reaction zone, comprising the steps
of blasting fuel in said reaction zone to incandes-
cence by means of a blast of air passing in an
up direction successively through said grate and
said ash bed hot from a previous operation, pass-
ing the hot blast gases leaving the top of said
reaction zone to a regenerator to heat the same,
then initiating the gas making cycle by passing
steam through the heated regenerator and
thence downwardly through the reaction zone to
produce water gas, passing the water gas from
said reaction zone downwardly into the ash bed
and removing said water gas through an outlet
in the generator wall which is located at a fixed
point above the grate, regulating the depth of

0 the ash bed between the point of withdrawal

of the water gas and the bottom of the reaction
zone so as to store therein a large part of the
sensible heat of the water gas passing there-
through, and utilizing the thus extracted heat
from the water gas made in said gas making

5 down run to preheat gases led to said generator

60
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of the coal is converted into hydrocarbon liquids __

and hydrocarbon gases containing three and four

5

through said ash bed in a succeeding up run.

2. A process according to claim 1 wherein a
part of the water gas and undecomposed steam
passing downwardly into the ash zone is removed
through said fixed gas outlet and the remainder
from below the grate and regulating the propor-
tions of water gas removed from above and below
the grate so as to prevent the temperature of the
ash bed just above the grate from rising above
450° F.

3. An intermittent process for the manufac-
ture of carburetted water gas in a generator
operated to produce an ash bed resting on a grate
in the bottom thereof, a reaction zone above the
ash bed, formed by blasting the fuel to incandes-
cence, and a fuel bed above the reaction zone,
comprising the steps of blasting fuel in said re-
action zone to incandescence by means of a
blast of air passing in an up direction successively
through said grate and said ash bed hot from 2
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previous operation, passing the hot blast gases
leaving the top of sald reaction zone to a re-
generator to heat the same, then initiating the
gas making cycle by passing steam through the
heated regenerator and thence downwardly
through the reaction zone to produce water gas,
passing the water gas from said reaction zone
downwardly into the ash bed and removing said
water gas through an outlet in the generstor
wall which is located at a fixed point above the
grate, regulating the depth of the ash bed be-
tween the point of withdrawal of the water gas
and the bottom of the reaction zone so as to store
therein a part of the sensible heat of the water
gas passing therethrough, utilizing the thus ex-
tracted heat from the water gas made in said
gas making down run to preheat gases led to
said generator through said ash bed in a suc-
ceeding up run, and injecting a hydrocarbon into

2,524,840
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the so produced water gas after it leaves the
generator to carburet sald water gas.
MICHAEL STEINSCHLAEGER.
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