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COMPLETE SPECIFICATION -

Method and Apparatus for the Production of Gas Suitable for
Chemical Syntheses -

We, 8. A. Forxy Ep Inrraxts Inpgs-
TRiarr Ixee. DE BamroromEisy of Via
Settembrini 7,- Milan, Ifaly, an Ytalian

_ company, do hereby declare the nature of
9 this invention and in what manner the
same is to be performed, to be partion-
larly described and ascerfained in and by

the following statement: — o

The invention relates to the production

10 of a gas suitable for chemical syntheses
starting from coals rich in volatile matter,
such for example as long flame gas coal,

pitchy lignite, ste. .

. The invention has for its object =
15 methed by the application of which ron-
ditions are obtaired guitable both for the
gasification of the coal and for a complete
decomposition of the products of distilla-
tion into hydrogen and carbon monegide;
the invention comprises also an apparatus
which facilifates the performance of the
method. and ensures maximum output.

I% has already been suggested. to carry
out the gasification of solid fuel rich in
25 volatile matters by means of steam and

cxygen in fwo producers, the steam being

introduced alternately at the top end of

each producer, which makes it nesessary

tee effect at infervals the vaporization of
30 the far, .

For the distillation of fuels such an peat
and saw-dust, and the production of water
gas it has been suggested o infrodnce the
gas formed in one producer at the top of
the other producer in which said gas

“traverses from above downwards the layer
of fuel, . en utilizing fuels rich in
volatile matter it has also been suggested
fo connect two producers at the top of the
chambers and introduce' the gamfieation
agents below the fuel in one producer to
rrovide an. upward flow preceding the
downward flow through the other, ’
The invention relates to'the production
45 of gas starting from fuel rich in yvolatile
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matters by maling use of steam and
OXygen, or steam, oxygen and air, and has

. for its objeet a process in which the gasi-

fication agents are injected wunderneath
the layer of fuel and caused $o traverse it
~from below upwards, whercupon the tem-
pereture of the gas o obtained is rajsed
and the ges is eaused to traverss from
above -downwards a layer of fuel brought
to ineandescence by the foregoing injee-
‘tion from below, the conditions in the
two chambers being periodically in-
verted, in lnown manner, in order to
hove the fuel layer serve alternately for
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~gasifying the coal and for decomposing 60

the bydrocarbons. - . .

¥n this manper the most favourable
conditions are obtained both fer the gasi-
fication of the coal and for the cracking
of the products of distillation.

Tor carrying cut the process according
o this.invention, nse.Is made of two gas
producers (of the most suitable type for
gasification of fuel rich in volatile
maitters) which are connected fo each
other in the upper part-and work in alter-
nate phases. In one phase, the first nro-
ducer works on the updraught principle
and the second producer on the down-
draught principle. In such phase, a niix-
ture of exyger and steam is infroduced at
the bowtom. of the first producer, while the
final gas is taken off, at the bottom of the
second producer.

1 the connecting duet betsreen the two
produéers 2 cerfain qaantity of oxygen
may be infreduced so as to obtain a par-
tal combustion of the gases made in the
first producer. In the subsequent phase
the produters will work in the reverse
-direction.

This inversion takes place at a right
ilme so as to realize the best conditions
-for working of the apparvatus allowing to
the desired result. )
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Considering the phase in which oxygen
snd steam are introduced ab the botiom of

the first producer and final gas is taken

off at the boftom of the second producer,

5 the misture of oxygen and steam is
admitted io the first producer at the
gernire of the grate and immediately
: mleei;s the hot ash layer and superheafs it
self. ; .

10  Later, this gas meets the coal Jayer and
exothermic “reactions fake plage with
formation of €0, and development of an
intense heat, building a zone of high tem-
perature of the order of 1R00°C. and

15 above. Over this zone, endothermic re-

aetion then fakes place with reduction of-

C, to 00 and decomposition of the steam,
" Therefore a region, of less high femper-
atures builds wp in the first producer a3 a
20 conseqmence of the eguilibritm of the
* warions reactions, while over this region
there is the region of lower temperature
where coal gagzifies and lastly the region
of still lower temperature where the meis-

25 ture contents of the coal vaporizes.
The gas leaves the first producer 4t a

- temperature of the order of 500°C.
*  In the connection between the first and
{he second producer a further introduc-
80 -tion of oxygen wmay be caused fo oceur,

and this oxygen partially burns the gas

made in the first producer decomposing
" the hydrocarbons and raising the fempera-
ture to about. 1000°C.
35 In the second producer, in which the
~ gas admitted at the fop flows downwards,
the gas made in the first producer meeis
the coal layers ab the femperature which
. ia increasing from top to bottom, such dis-
- 40 Wibutiod of the temperature-being a con-
‘sequence of the preceding phase of work.
ing in which the second producer worked
‘as therefore described with referemce t
the first produeer. .
45 -~ In this manner, there first fokes place
& gasification of the volatile substances
«contained in the coal at the expense of
_tlio sencible heat of the gas, and then,
when the-very hot region is reached, {the
50 region of the exothermic reactions of the
=" foregoing phase), there fakes place a
decvmposition of the hydrocarbon and a
reduetion to CO of €O, produced by the
partial combustion in the duct comnecting
55 the two producers.

Finally the gas, before leaving the -

_-second producer, is caused to pass through
o thick ash layer to which it delivers iis
ewn sengible heat thus leaving the pro.

60 ducer at a temperature of about 500°C.
The iwversion of the cycle iz caused. to
_occuT ab suitable intervals so as to main-
tain the desired temperatures in the
various zones of the two producers. -

65  The admission of the mixture of oxygen

and steam to the first producer and the
ofttake of the final gas from the seeond
preducer ovcur in the central zone, so thut

‘both the mixture of oxygen and the final

gas are forced to go through the two layers 70
of ash and coal respectively whereby the .
reactions ave carried out in the most com-
plete manner. .

The process aceording to the invention
will be described in such a form in rvela- 78
tion, to the ingtellation diagram shown in

‘Tig. 1 of the annexed drawing. )

4 3

In this figure, A and B indieate two
prodncers which, in the example in gues-
tion, are of known type for gesification 80
Jong flaming eoals and-which comprise, at
the lower part, a boiler 1a, 1b and, at the’
upper _ part, a chamber 2a, 2b with the
walls and arch of refractory and jnsula- -
ting materials, B8a and 3b indicate the 85
retating grates, which may he of any suit-

. able type, provided with vessels 4a, 4h for

hydraulic sealing. The chambers 2a, 2b
of the two producers are put into com-
munication with one another by a passage 90
5 of refractary and insulating material
and into whieh extends z conduit 6§ con-
trolled by & valve T preceded by a regula-
ting member (not shown), the said con-
dutt 6 extending opposite a plate § of re- 95

fractory” material disposed inside the

passage 6. . )

Tor charging with coal each prodncer
has, at its upper end, a double hopper Ba,
9b which, for the cpal used in this 100

example, mnay be replaced by any charg-

ing apparatus, capable of distributing

the coal in continuous manner to the in- -
side of the producer. For other fuels, for
example lignite, the charging hopper may 105
lie followed by the ususl cylindrical con- -
duit which exists inside the producer, this
conduit remaining filled with fuel.

- In Figure 1 & indicates the vpper plane

of the fuel and A*-the level of the ach in 110
ench of the two producers A and B,

. For supplying steam and oxygen or a
mixture of air and exygen, beneath the
grate of one of the producers and for ex-
tracting the final gas at the base of thelih
other producer, a group of conduits and .
cocks is provided which permit of provid-
ing in turn the necessary connections,

" In figure 1, two conduifs 10a, 10b ex-
tend beneath grates 3z, 8k of the two pro- 120
ducers from condwits Ila, 1lb in which-
are interposed cocks 122, 12b and which
Lranch from a single conduit 13, Between

the cocks 12a, 12b, and the conduits 10,

"10b the conduits 1l1a, 115 communicate 125

with the conduaits 1da, 14b in -which are
jnterposed stop cocks 15a, 15b and which
branch from a steam pipe 16; a transverse
eonduit 17 communicates at its two ends,
with the econduits 14n, 14h . at points 130
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between .the stop cocks 15a, 15 and the
conduits 11a, 11h and has stop cocks 18a,
13h between which the conduit 17 is con-
neeted to-a conduit 19 for the introduc-
5 tiom of oxygen or a mixture of.air and
oxygen. The stop cocks: 15a, 16b, 16a,
165 are preceded by regulating members
(slides, gauges or the like) not shown.

Tn practice other méans for forming the

10 mixture of gosification agénts, such as

- injectors, rotary mixers; and so-on as also
other devices suifable for these purposes
may be used.

The manipulation of the different cocks-

permits. of sending the steamr from the
pipe 16 and ihe oxygen or mizture of air
and oxygen from the conduit 19, beneath
the grate of one or other prodicer, while
at the base of the producer without a
supply of steam and through’ the grid,
will be obteined the gases which have
been subjected fo craciong inside the-pro-
ducer -and are collected and fed through
the conduit 18. - : : :
" Alternation
obtained by effecting by hpnd the neves-

20

25

sary changes of the different cocks o1 by-

making use of an sutomatic reversing
device of known type. = -

30 -
stop coel 12a is closed and the cock 12b

open and thHe cocks 15b, 18b, 15a; 18a-

closed, by opening the cock 15a there is

first effocted, by means of -steam, the.

35 washing of all the conduils to beneath

the grate 3a; then the cock 18a is opened -

for the oxygen or for the mixture of alr
and oxygen ag a Tesult of which gasifica-
tion commences in the producer A, the
mixture of vapeur, oxygen and air being
regulated by
-referred fo but not shown. =

Tn .passing, in_ the produceér’ A,
through the layer of ash to which the
gases have yielded their heat in the pre-
ceding period, the steam and the oxygen
‘wre heated and they reach nuder ihe best

49
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conditions the layer of fuel wlich they

traverse upwarda producing water gas.”
50 - Meanwhile fresh coal dessends from
the ' hopper 9a on the wpper-plahe b I
the chamber 2a and thi coal is-distilled,

“the products of the distillation, with the’
water gas. and the steam not:decomposed, .

rising towards the arch of the producer A
in order to pass through the conduit 5;
ints the upper region of the producer B.

Tnto the conduit H. -is introdweed,
through the conduit 6, a jet of oxygen
which, according fo the known principle
of the inverted flame, Tuyns in the atmo-
-sphere of gas and heats the plate 8 which
sarves to render the combustion. stable; in
consequence of thiy combustion, s’ par
@86 of the gas, mainly hydrogen, burns rais-

86

60

of the dperations may be .

Starting from the position in which the

the regulating means. -

ing the temperature of the gas and of the
distiliation products coming from: the pro-
- duesr A to the desired degree, while the
rapid digtillation of -the fresh eoal
_charged into the producer B will be
. facilitated and a parfial decomposition of
the tar and hydrocarbons is produced.
The raising of the temperature in the
uppér region of the two producers due fo
.the combustion of z .part of the gas in
the conduit 5 facilitates the subsequent
-cragking of this gas, since the combustion
of the hydrogen produces water vapour
and hydroxides which during their pas-
sage through the layer of incandescent
" coal, with the water vapour not decom-
posed, favourably affects hydrogenation
of the hydrocarbons. Moreover the rais-
ing of the tempervature of the gas raises
-the temperature of the layer of fuel and
consequently of the swrounding atmo-
sphere in which cracking of the tar and
of the hydrocarbons takes place,.
All the gases which reach the upper
region of the producer B are then forced
to pass downwards through the layer of

w0

75

80

B0

_ fuel contained in the producer B meeting

-temperatures which are still higher until
. the }evel_ ' where the temperature is a
maximum.

The crazclomg decomposition of the tar
and of the hydrocarbons as well as their
hydrogenation is thus produced in tha
producer B1 The resuliing gas free from
the tar gives up ifs heat to the layer of 100
ash which is of .considerable height and
-it leaves the Dbase of the praducer rela-
tively cold .reaching the conduit 13

95

through the .conduits 10h, 11b and the
-cock IZb. - : . 105
Aftér a tertain .timé the cock 18a Is

closed in order to permit of waghing of the

conduite benedth the grate 3a by means

_ of steam, affer which the operation of the
apbaratas will be reversed by closing the 110
coeks 120 ‘and 152 and opening: the casks
“12a and 15b, in Such manner that in the
producer B the éonduits will be eleaned

-ag far as the grate 3b; then the cock 18h

1s opened, and gasification is carried ont 116
in the produder B, at the base of which

. water vapour and oxygen is infroduced

“while the final gas leaves the base of the
producer &, vhis gas reaching the conduii
18 through the conduits 10a and 1la and 120
“the eoek 1227 .
-~ TMgure 2 shiows ancther arrangement of
the group of conduits and cocks which
permits alternate - gperation of the two
producers with a quite particular ease of 126
Gperation. ) ) '

In this figure the different parts are
indeated by {he same references as

- employed in Figure 1; this 16a and 10b

“indicate tha condnits leading benedth the 130
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20

grates extending from the conduits lis

-and 11b: provided with cocks 12z and 12b

and reuniting in the single conduit 13;

19 indicates the conduit which supplies -

the oxygen .or the mixture of ajr and
exvgen and 16 the condunit for the steam,

In this form the cocks 15a and 18b for
infercepting ihe steam are replaced by a
single coclk 15 preceded by a regulating
member (such a3 a geuge) not shown.
Similarly, the cocks 18a and -18b for the
oxygen are replaced by a single cock 18,
also preceded by a regulating member.

The group comprises finally an injector
20 into which the conduit 19 for the
-oxygen and the conduit 16 for the steam
cpen, the oxygen being drawn in by the
steam, and mixed with it, TFrom the
injector 20 extends a conduit 21 which
forms two branches one of which, pro-

- .vided with a stop cock 22a, leads o the
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_conduit 1la of the producer A and the
other, provided with a stop cock 22b,
lBeads to the conduit I1b of the producer
"~ This group of conduits and cocks
permits the operation as the cock 15 for
‘the steaie is always open and the steam
jet, regulated by the regulating member
which precedes the cock 15, passes always
to the injector 20 and, consequently, to
wone or other producer.

The alternate operaiion is obtained by
the manipulation of the cocks 122, 12b
and 22a, 22b (by means of which the
outlet of the gases and the inlet of the
-mixture of steam and oxygen are respec-
tively controlled, and by the uperation of
the cock 18 for the oxygen. _

Agssuming that one starts from the con-
dition in which the cock 12a is closed and
that 12b open and the cocks 22b and 18
are closed, while that 22a is open, the
steam which flows confinuously through
the cock 15 blows down the conduits 14a,
1la and 10a. After these conduits sre
cleaned, the cock 18 is opened for the
cxywen {or for the mixture of air and
oxygen) and the oxygen (or the mixture)
drawn in by the injector and mixed with
the steam, reaches the grate 3a and
injtiates the period of gasification in the
producer A ; after a cerain time the cock
18 is closed and the steam is permilied to
clean the conduits up to the grate Ja.
Then, the operation will be reversed by
cloging the cocks 12b and 22a and open-
iny those 12a and 22h.

The steam which flows econtinuously

" 60 through the cock 15 cleans 'the conduits

7]

14b, 11b end L0b and when cock 18 is
opened the period of gasification in the
producer B 1s initiated. )

The admission of oxygen Into the con-
duit 5 through the condunit § will be suit-

ably regulafed. in- the different periods
and in particular it will be reduced for
example during the discharge periods. .

The jet through the conduil 6 inte the
conduit 5 may be replaced or.completed 70
by one or more other jets obtained by
meang of connections disposed in-the arch
or in the upper region of the producers A
and B. .

As is obvious from the preceding, the 75
apperatus  described  provides several
ineans of obiaining the best gasification
and decomposition of the tar and of the
hydroearbons.

 In particular it is possible to modify 80
the proportion of steam and exygen and
cne may thus reduce the ratio bebween
steam. and oxygen to the minimum value
compafible with good condifion of the
ash, which presents the advantage of hav- 85
ing the highest possible temperature in
the ineandeseent; layer of coal. :

" Moreover the height of the layer of ash

on the grate may be modified and one of
the features of this invention residesz im 50
thiz that the zaid layer is kept relatively
high with the object of ncoumulating
therein the heat contained in the hot
gases which, in the period of decomposi-
tion of the tar and of the hydrorarbons 96
flow downwards through the producer and

of recovering the said heat in the follow-
ing period in which the layer is iraversed
upwards by the gasification agents.

Finally the height of the layer of fael 100
oy be modified, and also the height of
the layer of fresh coal and the quantity
of oxygen which iz infroduced in the
upper region of the producers for the
combustion of a part of the gases. .~ = 105

‘By regulating these different conditions
of operation. in relaticn to the charac-
teristies of the fuel emploved, it is thus
always possible to obtain the gas of the
desived type and suitable for the purpose 110
in_view. : .

* Having now particularly deseribed snd
sscertained the mature of our said inwen-
tHon and in what manner the same is to

be performed, we declare that what we 115
claim is:— : C

1. A methed for the production of a
gas suitable for chemieal symthesis start-
ing from coal rich in volatile matters and
producing the gasification of the fuel by 120
means of injection of stesm and oxygen

0T steam and a mixture of air and oxyoen

whereupon the gas so obfained, which
comprises also the products of distillation,
is caused to pass through s Iayer of incan- 125
descent coal to produce the cracking and
hydrogenation of the tar snd hydro-
carbong, characterized in that the gasi-
fieatlom agents are injected - tmderneath
the layer of fuel and forced therethrongh 130
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from below upwards, the temperature of
the gas so obiained is raised and this gas
is caused to pass from sbove downwards
through a layer of coal brought to incan-

5 descence by a foregoing injection of gasi-

10

fication agents from below, the conditions
in both chambers being periodically
jnverted in lmown manner whereby the
layer of fuel serves alternately for gasi-
fication of the coal and decomposition of
the hydrecarbons.

2. A method as claimed in Claim 1
characterised in this that in the layer of
fuel traversed by the final gas is main-

15 tained a high layer of ash in oxder o

recover the Leat contained in the issuing

gas.
3. A method as claimed in Claim 2
characterised in this that the elevation of

9fthe temperature is obtained by burning

80

part of the gases by introduting oxygen.
4, Apparatus for carrying out the

method elaimed in Claim I characlerised -

in this that it comprises two producers (A
and B) of a type suited to the gasification
of the fuel to%m emploved, in communi-
caticn with one another at their upper
region, through a conduit, sald conduif
and for the upper region of said producers

comprising means for raising the fer~

perature of the gas, said producers being
provided with means for rendering

possible their alternate operation, one for
the gasification when steam and exygen
or steam, air and oxygen are introdueed
from below, which is fo pass upwards
through the layer of imcandescent fuel,
and the other for the cracking and hydro-
genation of the tar and of the " hydro-
carbons when it is traversed dewnwards
by the gases which have to traverse the
jncandescent fuel conmtained in the said
producer in order to be discharged
through the grate.

5. Apparatus as claimed in Claim 4
characterised in this thet conduits (6) for
the iviroduction of oxygen imtended fo
burn & part of the gas generated and thus
raise the femperature extend into the com-
municating conduif (b) between the two
producers (A and B) or inte the upper
regicn of the lafter.

6. Apparatus as claimed in Claim §
chameterised in this that a plate (&) of
refractory miaferial for stabilizing the
combustion is disposed in front of the pipe
for the intreduction of oxygen.

Dated thid 18th day of February, 1047,
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Agents for the Applicants.
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[This Drawing is a reproduction. of the Original on a reducedd scale]
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