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COMPLETE SPECIFICATION

Improvements in or relating to Method of and Apparatus for
Gasifying Carbonaceous Solids

We, Pirrssuree CowsoripaTion Coin
 CoMpany, a corporation organiséd under
the laws of the State of Pennsylvania,
United States of Ameriea, of Koppers
#. Building, Pittsburgh, ~ Pennsylvania,

United States of America, (Assignees of-

Guorrrny Epwawp Gorryg), do herehy
declare the invention, for which we pray
that a patent may he granted to us, and

10 the method by which it is S0 bo performed, -

to be particnlarly deseribed in and by the
following statement ; —
This invention relates to.the gasifica-
tion of earbonaceons solids, and, more paz-
15 tioularly, o methed and 3:13*1]31‘3:1)115 for
.copverting: carbonmceous solids to s gas
comtaining pfm:umpa.lly earhm monoxide
and hydrvogen. <
It hag hitherto been proposed to gasify
B finely divided carbonaceous solids in &
single vebsel by passing sbeam and a gas

containing -oxygen through a bed of the'
and reacting condi- -

solids under ﬂundmmg
tiong. In such, systems, the product gases

25 are discherged from the gasification vessel

at & high - temperature, for example,

© 2 1700°—=1900° ¥, and thus remove sensible
heat from the-system, They also contain
entrained golid fines, which still possess a

30 telatively high ecarbon content with con-
sequent loss in cerbon conversion: This
loss of heat and carbon from the system is

. naturally undesirable because of its effect
- on the economics of the process through a

85 lowercd. over-all thermal efficiency.

Tn wecordance with the present inwen-
tion, an improved system for pasifying
carbonaceous solids 3s provided. Briefly
this systsem eomprises o combinabion of a
moving but not fluidised bed iof solids and

o fuidized bed of solids. ¥resh earbon--

aceons solids are fed upwardly as & mov-
.: ing bed whidh at the end of its upward
" tmavel 1s forced to overflow downwardly
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1ntu a fluidized gasificadion Z0ne. Gasifica- 45

_tion of the overflowing solids is carried
-out under fuidized conditions in the, gasi-

feation zome by means of steam and & gag
contalning oxygem, both passing  up-
wardly through said zone at reaction tem-

]
perature. The effluent gases from. the gasi- -

fecation zome, aleng with any entrained.

solids, are foroed to pass downwardly
thmuu]l the upwardly moving bed- of
fresh Sollds, in countercurrent hest ex- 56
chamge  relationship therewith. The hod-
gases serve to preheat the incoming solids,

the maxirrum preheat temperature bemc
reached at the point where the solids over-
flow into the fluidized ga\sufﬁea,tmn zons, 60
By thetime tho gases ard discharged from - -
the botbom of the upwardly moving bed,

the iemperature of thess effiuent gases is
substantially reduced. At the same time
the entrained fines are separated. from the 65
efffuent gages:and deposited npon the freeh
incoming solids snd retuwrmed thereby to
the fuidized gasification zome t& be Te-
treated:,

For a better und[ez-sha.ndmg of the inven-
tion; reference should be bkad o the fol-
lum.g' detailed deseription of o preferred
embodiment and to the accompanying

70

.drawing in_which is shown partly. dia-

grammatically and partly in section, mn 75
apparatus adapted to carry out this pre-
ferred embodiment.

Referring to the drawing, nume;ra:i 16
designates 2 vertical substunima.lly oylin-
drical vessel having sidé wall 12, top wa,ll
14, and a botbom inverted mn%haped B0~
tion, 15. The lutter section is provided with
an opening 16 at the apex of the cone
throngh which. fresh carbonaceoms solids
may be introduced. The imfroduction of 85
these solids may . be accomplished by the
dingrammatically illustrated ., conven-
twuml f'eedlng mech:&msm 17 s,uch ag an
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“under feed stoker of the worm gear type
supplied with solids by & conduit 18. The
solids infroduced through the opening 16
is foreed upwardly by the stoker as a mov-

b ing bed 19 into the mterior of vessel 10,
and form en annular solid bed surround-
ing a second vertical subgtantially cylin-
drical vessel 20 having side wall 22 and

a bottom inverted cone-shaped section 24.

This inner vessel 20 is supported within

the vessel 10 by any suitable means (not

shown) in spaced relationship to the side
wall 12 of the latter vessel to permit the

passage of the anoular bed of solids 19.

15 The upwardly moving bed of fresh car-
bonsceous- solids is forced to overflow at
the top of vessel 10 info vessel 20 where

. the bed of the solids is maintained in a

fluidized condition by means of a gaseous
mixture of steam and an oxidizing gas
sneh as oxygen which passes through a
conduit 26 imbo the cone-shaped seetion 24
and up through a grid 28 disposed in the
bottom of vessel 20. The velocity of the

10

20

25

fuidization, is well known to the art and
. isof the order of % to 2 feet per second.
The amount of oxygen in the ineoming
aases is sifficient to elevate by combustion
30 the temperature of the solids in the joner
vessel to gasificetion temperatures, that
is, preferably of the order of 1800°—

2000° F. ) '
The product effluent gases from the
35 gasification vessel 20 are forced fo pass
downwardly through the upwardly mov-
ing anmular bed of fresh carbonaceous
solids. The hot gases contact the fresh
foed in countereurrent relationship so that
40 the moximum - preheat temperature is
effected nf thie point where the fresh solids
“overflow into the gasification zone. The
gases themselves are cooled by passage
down through the moving bed of solids 19
45 and are finally discharged from the
system through conduit 30 at a relatively
low temperaturs. During the downward
passage of the gas throngh the npwardly
moving bed of solids, the solids entrained
50 in the gases are filtexed owt and picked
up and re d to the gasification vessel.
This is & desivable feature of the invention
sinee it insures o substantially clean™ gas
. at the point of discharge and also increases
86
the fines contain a substantial amount of
unconverted carbon. Ash is removed from

the system as park of fhe continuous (or

intermittent) bed solids draw-off talen
through conduit 82 extending through the
wall 12 of the outer vessel 10. -
T¢ desired the above deseribed system
may be operated under pressure. Because
-~ of the ipsulating bazrier provided by the
65 wpwardly moving bed befween the gasi-

60

incoming gases wequired fo maintain :

the earbon. conversion of the system since -

fication zone and the walls of the outer

vesgel, less refractory is required as a
liner for the outer walls, parficularly
near the bobtom.

An example of the operation of the 70
above described system. in accordance with

the invention as applied to_the gasifica-

tion of the carbonaceous residue known as
char, obteined by the low tempezature
carhonization of coal is as 'fo]fuws_ AT
finely divided char of 35 4o 100 Tylermesh
size consist having the following composi-
tion is fed into the outer zone of vessel
10 which is maintained at a pressure of
?g atmospheres as the moving bed stream 80

Composition Weight per cent
H 3.
c . 82.4
N 1.8 85
0 4.0
5 0.6
Ash 8.1

 The rate of char feed is 7.36 % 10 Ibs/
$42 gee. This char overflows into the fluid- 90
ized gasification zone contained in vessel

- 90 and maintained at 1900° F. Steam is

fed to the latter zome at a rafe of 3.11x
10— 1b; mols/4* sec; and oxygen is fed to
the same zone 2t a Tate of 1.04x 10— 1b. 95
mols| #i? sec. (In these feed rates, the area,
{t?, refers to that of the fluidized bed).
With these condifions 199 1bs of carbon in
the char{ft* hr. are converted to a gas

of the following composition:— 100
Produet Gas Mols/Mol C Fed
H, 611
H.0 195
g 164 108
CH, 006 0
C, 009
Ny 002

The exit gas temperature is 1150° T,

. Im, addition e the advanteges previously 110
described, namely, low semsiblepieat conswr
tent of the product gas leaving the system
by virtue of the counter current pre-
heating of the solid feed; negligible en-
trainment loss by virtue of the filtering 115
effoct of the moving bed ; and the insulat-
ing effect of the same moving bed, the
following advantegeous characteristies of
the composite system described may be
added : (1) high steam conversions dus to 120
the large bed heights that may be main-
tained at & high temperature in the inner
gasification vessel; (2) high heat transfer
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rates ab the point of oxygen injection into
the inmer vessel to permit high gasifica-
thion rates withoms camsing. ash fusion, In
short, thizs composite unit combines the
advantages of the fixed bed and fluidized
bed for the gasification of carbonaceous
solids.

‘While we have shown as the preferred
embodiment of the invertion m system in

which the gasification zome is coxapletely .

gurronnded by an annular stream of solids,
it is fo be understood that the invention is
not so limited. The two beds of sclids may
be in separate vessels in side by side rela-
tiomship or otherwise so long as the non-
finidized bed moves upwardly end over-
flows into the finidized gasification mone,
and the product gms and enbrained fines

_passes in countercmwent relationship to

the upwardly moving bed.

The above invelntion. is applicable to the
gasification of carbomacecus solids such
as coal, 0i] shale, lignite, ete. A non-cak-
ing materis] is preferred; but a caking
material may be used under non-agglo-
menating conditions. For example, a cak-

. ing bituminous coal may be mized with

30

3

sutficient non-caking material, e.g., char
to prevent . agglomeration from talking
place. .

We have explained the principle, pre-
farmed comstruction, and mode of opera-

tion of the invention and have llustrated -
and described what we now consider to

represents ity best embodiment. Howerver,
we desire to have i understood that, with-
in the scope of the appended claims, the

" inveéndion may be practiced otherwise than

w
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as specifically illnstrated and described.

What we clim is:—

1. The method of gasifying ecarbon-
aceous golids including passing steam and
an oxidizing gas throagh o bed of the
solids uwoder fuidizing and reacting con-
ditiong which methoed comprises moving =
bed of finely divided carbonaceéous solids
wpwardly ihrough « pretreating zome,
forcing waid bed to overflow dewnwardly
into a gasification szome, passing said
steam and & gas comtaining oxygen wp-
wardly through the solids in said gasi-
fication zone, conducting the hot effluent
gases smd entrained sollds from said gasi-
fication zome downwardly through said up-
wardly moving bed of carbonaceous solids
m countercurrent relationship therewiih,
whereby said bed of solids is heafed to an
elevated temperature and the entrained
solids in the effluent puses ave separabed
therefrom and retained by said bed of
golids, and recovering the effluent gages
at the bottom of said vpwardly moving

bed of solids. :

. 2. The methed according fo claim 1,
in whieh. the pretreating and gasification 66
zones are maintained at superatmospheric
pressures.

8. The method according to claim 1 o
2, in whick the carbonacesus solids com-
sist of finely divided char. 70

dl,. The method according to claim 1, 2 or
3, in which the gas containing oxygen is
OXygen.

5, The method according to any of the
preceding claims, in which the upwardly 7%
moving bed of earbonaveous solids com-
prisds an amnular stream of said solids
which surronnds the gasification zone and
ig in, heat exchange relation theresith.

6. Apparatus for gasifying carbon- 80
aceous solids by the method according to
any of the preceding claims, comprising
a vesgel having opemings only at the boi-
tom thereof jor introducing fresh selids
and for withdrawing product gas there- 85
from, means associated with the bottom
of said wessel for infroducing s siveam
of finely divided solids into said véssel, a
gecond vessel arranged enfively within
said first vessel and heving side and bot- gQ
tom walls speced fror the walls of said
first vesse] to permit the passage of solids
therebetween, said second vessel communi-
cating with fhe interior of said fivst vessel
only through a top opening through 95
which solids are adapfed to overflow, -
means associated with sald second vessel
for introducing gesedous gasifying agents
from outside said first vessel into said
second vessel, means associated with said 109
second vesgel for discharging solid product
therefrom to the exterior of “said Hrst
vessel, and means msociated with the bot-
tom of gaid first vessel for discherging pro-
duct gas therefrom. 106

7. The method wf gasifying carbon-
aceous solids substantially as described
with reference to the accompanying
drawings.

8. Apparatus for gasifying carbon-~ 11y
aceous solids consiructed and adapted to
be operated substantially as described
and shown in the accompanying draw-
ings. ,

For: . .
PITTSBURGH CONSOLIDATION

COAL COMPANY, .
Stevens, Langner, Pamry & Rollinson,
Chartered Patent Agents,

619, Quality Court, Chancery Lane,
. Tondon, W.C.2,

and ab .
120, Bast 4184 Street, New York, 17,
New York, U.S.A.

Leam_ington Spa : Prinfed for Her Majesty’s Stationery Office, :'b‘y the Courier Press,—1853
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
: copies may be obtained;
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This drawing is a repraduction of
the Original on a reduced scale.
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