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COMPLETE SPECIFICATION

Tmprovements i or Relating to the Mothod -of ‘and :Apparatus
for Gasifying. Carbenaceons Solids

We, PirteBurcd CONSOLIGATION COAL
CouMpany, a- corporation organised under the
laws-of the State of Pennsylvania, United
States of -America, of Koppers Bulldings,

5 Pittsburgh, Pennsylvania, United States o
Arnerice, (Assignees of Eric Ierbert- Reichl
and Robert Vinton Safford) do hereby
declare the mature of this invention and .in
what munuer the -same is to be performed,

10 to be particularly described and ascertained
in and by the following statement :--

This invention relates to methods and
apparatus efiecting complete gasificatien- of
carbenaceous -solids, pardicularly lignite, oil

15 shale, bifuminous coals, or salid cerbomaceous
products derived therefrom,

The primary object of the present invention
is to provide an improved methed and
apparatus for converting carbamaceous solids

20 substantially completely to gases- meeful
either. as fuels or I the-synthesis of Tiquid
hydrocarbons. -

Another object of this inventien-is {o
provide an fmproved method and .apparatas

25 for Teacting carbonaceous-solids with steam
and oxygen to yield gasecws paoddets
- particularly carbon monoxide and hydrogen.

A further object-of the present invention

s -to provide an-improved method of pre-
30 heating ibke steam: and the carbonaceous
soligs-supplied fo & gesification zone.

Another object of this-imvention is o
provide an improved method and apparatns
for completely gasifying carbonaceons selids

35wherein oxygen is-employed for snpplying
the necessary heat of reaction but iz kept at
a P,
A stifl ferther object of eur invention is to
ovide an improved method and apparatus
40 jor completely pasifying carbonaceous-solids
under- pressiye.

In-accordance with-our nvention, carhon-
aceous 0lids. are converted to gmaseous
produets by reacting preheated rarbonaseens

45°50lid5 with- exyger and preéheated- steam.

[Price 2]-]

-tempesataze by

We have discoveved that:thes steam and the
carbonacecns solids supplied to the gasifica-
tion zene-may be preheated to high tempera-
turesin an appazatus which is simple in form
and -economical in eperation and which does 50
not invelve the use of the cumbemome and
costly-heat exchangers-frequenily propesed

in: he past.

Qur inwvention provides for a wessel in
sihich a-fluidized bed.of the carbonaceous 85
golids is -mainfeined by means of steam
which, as intraduccd into the--vessei, is at'a
relatively low temperaiure. Associated with
this- vessel is a combustion zone through
which a portion of the-carbonaceous solids 60
from the’ vessel is circuldted along with -aic

-whereby = part of the cirenlating solids is

hurned. ‘The heat of combustion raises the
temperature of the circulating solids which
are thereafter-retureed to the bed -of solids 65
oontained in:the -fuld vessel. - The rate of
cirenlation: df- the solids-throwgh -the com-

“bustion zone and the amouvnt oi combustien

therein are regulated so as to produce the
desired -temperature in the fnid bed, -As 3 70
result- of this-elevaied -temperature in the
Anid vessel a certajn -amownt of -distillation
of the carbonaceous solids therein may take
place. These vaporous products along with
the steam, which'is now-atthe seme elevated 75
by virtue of - having passed
through the hot-finid bed; are condueted to
the gasification zone.or vessel ~Concurrently
wu-poitien -of the hot- carbonaccous solids is
drawn off the fliid:vessel and-is . likewise 80
conducted to the .gasification zome. To
sopply the additional heat reguired to effect
complete gasification of the catbonececus
selids-oxygen is indreduced into the gasifica-
tion zome: The-final .gaseous prodpets -and 85
ash are separately-removed from: the gasifica-
tion zene.

In the preferred embodiment of our
invention, it 1s-desired ‘to eonvert carbona-
-cecus solids;, particutddly bitursinous coal, 90
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to 2 gaseous mixture whose principal con-
stituents are carhon monoxide and hydrogen
for use in the Fischer-Tropsch process for
making Liguid kydrocarbons. [uo this em-

5 bodiment, we prefer to start with a carbona-
ceons solid which has been at least partially
distilled to effect removal of condensable
vapars stch as tar which is of value as Hquid
fuel and as a source of chemicals. The
10 previously distifed solids are raised to a
temperatnre between 1400°F. and 1800°F,
in the fluid vessel preheater. The steam
and vaporous products are then introduced
into a gasification chambey along with the
15hot previously distilled solids at the same
temperature and with the necessary oxygen.
The precise type of gasification chamber
employed in oor icvention is not maierial
thereto except it is essential that it be adapted

20 to operate at temperatures in the neighbor-
hood of 1900° F. and above. Powdered fuel
humers of the Koppers or Vortex Combustor
types are eminently suitabie and for purpose

of illustration only the former will be des-
25 cribed. In this fype of bumer, the hot
carhonaceous solids first contact the oxygen

whick is insufficient to effect complete com-

bustion of the solids buf is sufficient to raise
the temperature thereof several hundred
30 degrees. The bot products then are reacted

with the preheated steam whereby o mixture

of gases is produced which is mostly carbon
monoxide and hydrggen. In such a system,
not only is the product emicently suitable
35 for use as synthesis gas in the Fischer-
Tropsch process but also the amount of

oxygen, which is an exzpensive reactant, is:

reduced to 2 minimum. In view of the

desirability of supplying synthesis gas to the

40 Fischer-Tropsch. precess under pressure, we
provide means for operafing our apparatus
under pressure. The temperature e
lished in the gasification chamber also
generally is sufficiently high to effect slagging

45 of the ash prodnced where separation of gas
and ash is facilitated.

According to the present invention there
is provided a method of gasifying carbona-
ceous solids, which comprises maintaining

50 in a preheating zone a bed of carbonaceous
solids in a fluid condition by passiog steam
therethrough, circulating a portion of the
solids from said bed through a combustion
zone wherein some of the solids is burned

55 with air to raisc the temperature of the rest
of the solids, refnrming said heated solids o
the fiuidized bed, the amount of burning
effecting therein being controlled with respect
to the amount of sofids in the {luid bed to

60 produce a temperature in said bed between
1400° F. and 1800°F., conveying solids and
steam which has passed through the fluidized
bed from said bed and oxygen to a gesifica-
tion zone and effecting reaction therein at

an elevated temperature to produce sub- 65
stantially complete gasification of the car-
bhonaceons materials in said carbonaccous
solids.

The invention also includes an apparatus
far the gasification of carbonageous solids 7§
comptising, a finid zone in which a bed of
carbonacecus solids s adapted te be main-
tained in = fluidized state, means for circu-
lating steam through said bed, a combustion
gone associated with said fiuid zone for75
partially buming & portion of the carbona-
ceons solids from said bed, means for retura-~
ing hot solids from said combusiion zone to
said fluid zone, and a gasification zone in
which the carbonaceous solids from the fluid 80
zome are gasified by reaction with oxygen
aud with steam from the fluid zone.

In the wecompanying drawing we have
shown a schematic showing of the apparaius
by the use of which the invention may be 85
practiced apd have illusirated 2 present
preferred method of practicing the invention,

Referring to the drawing, mumeral 70
designates a gasification chamber wherein
finely divided preheated carbonaceous solids 80
are converted to gas by reaction with oxygen
and preheated steam, The preheat is sup-
plied to the steam and carbonaceous solids
in a preheating vessel indicated by the
nnmber 72, o5

‘A conduit 14 serves to conduct steam and
carbonaceous solids to the vesscl 12, the
solids being fed into the conduit 14 from a
hopper 16 by means of screw feeder 18 or
similer device. Within the vessel 72 e bed 100
of sclids 19 is established.

" Leading from the Iower end of the bed of
solids 19 15 a conduit 26 for conducting solids
from the bed 19 to a combusiion tubc 28.

A control element 30 is provided in the line 105
26 to regulate the fow of solids therethrough,
Afr is supplied to the combustion tube 28
through a condnit 32 impelled by a pump 34.

The combustion tibe 28 is directly com-
rected to a cyclone separator 36 by a conduit 110
38. The separator has a leg 40 extending
1to the bed of solids 19, Leading drom the
top of the cyclone separator is a tube 43
which extends through the wall of the vessel
12 and continues as conduit 44 for carrying 115
flue gas, Tkis conduit 44 is arranged with
tespect to the air conduit 32 to provide a
heat exchanger 45 and with respect to conduit
14 to provide a heat exchanger 46. A
conduit 47 connects conduit 44 with a turbine 120
expander 48 which drives the blower 34
by means of a shaft 49.

A. conduit 50 connects vessel I2 at a point
above the level of the hed 19 with the gasifica-
fion chamber 20 for conducting steam thereto. 125
Another conduit 52 serves to carry solids
from the bed 19 to the chamber 1. A
control element 5¢ is disposed in the line 52



658,549 3

for regulating the flow of solids therethrough.
A conduit §8 is arranged to conduct oxygen
from & source of oxygen 58 to the gasification
chamber 10. Conaeccting the oxygen plant
5 58 with the steam line 14 is & conduit 60 for
providing steamn needed in the operating of
the plant. ’
The gasification chamber 18 is provided
with an_outlet 62 for ash produced in the
10 gasification reaction. The gaseous products
of the reaction are conducted away by a
conduit 64. This conduit is arranged with
respect to the conduit 14 to provide a heat
emgxinger 66 which in conjunction with heat
15 exchanger 46 serves to convert to steam the
water iniroduced into the conduit 14 by a

pump 68, .
Thae aperation of a preferred embodiment
of the invention will nuw be described,
20 While the inveantion .js applicable o the
gasification of any carbonaceous selid, it is
particularly applicable to the treatment of
oil shale, lignite, bituminons coals and
products derived thersfrom. We prefer to
25 employ pravionsly distilled coals, i.¢., chars,
cokes or semicokes from which volatile
metter has been distilled, preferably at low
temperature, in order to derive the benefit of
the valnable components of the vaporous
30 products. Accordingly, the aperation of the
present invention for purposes of illustration
only will be described as applied to a dis-
tilled coal which for converdence we shali
_calt “eoke ", this “ coke ™ being prodnced
35 as a result of the low temperature carhoniza-
tion of & high volatile Pittshurgh seam .coal.
Coke in finely divided forrn is fed from the
Lopper 16 by means of 2 screw feeder 18 into
the conduit 14 where it is picked up by stean
40 and carried to the preheater vessel 2. The
steam is produced from water, which is
pamped ieto conduit 14 by a pump 88, by
means of heat exchangers 46 and gﬁ to be
described more folly below. The fow of
45 steam and eoke into vessel J2 is regulated in
the well-known manner to produce 4 fluidized
bed 19 of coke, with steam being the sole
flnidizing agent,
The tempcrature of the fluid bed 19 is
50 maintained in this preferred embodiment
within the range 1400°-1800° F. by means
of heat supplied by burning a portion of the
coke, This is accomplished by removing
coke from the bed 19 through a conduit 25,
55 the amount being regulated by a valve or
constriction. 30, and burning a portion of
this coke with air in the combustion tube 28.
The air is impelled to the combustor throngh
conduit 32 means of 3, It is
80 preferubly preheated by being crculated in

heat exchange relation with kot flue gas as -

indicated by heat exchanger 45, The com-
bustion of a portion of the coke in the up-
flowing mixture of air and coke in the fube

28 prodaces hot flue gas and Dot coke. 65
These are separated in the cyclone 36, the
hot coke being returned to the bed 19 and
the hot fiue gas being vented through condnits

42 and 44, The circulation of coke through
the side-wrm combustion tube 28 and the 70
fow of air as well are regulated in such a
manner that the temperatore of the bed 19
can be maintained at any desired value but
preferably in this example is between 1400°
and 1800° F.  Since the steam passes through 75
this hot bed of coke, it ton, atfains the same
{emperature,

In the preferred operation of our invention,
the entire system is under pressure. This
is accomplished by passing a pertion of the 89
botflue gas coming from the cyclone separator
3G through conduil 47 and exchargf; 45
into turbine expander 48 which is. direcily
connecied to biower 34, High pressure air
is then forced by the blower 34 into the com- 85
bustor 28. This high pressure extends
through the entire system including both
the preheater and gasification chamber
because of the open communication there-
between. Hopper 16 shovld in this case be 6p
of the locking type and adapied to supply
the solids to the system without loss of
pressore therein, ™

Hot finely divided coke from the outer
zone 24 of vessel £8'and hof steam from above 95
bed 19 in the saime vessel are conducted in
any suitable mannér through conduit 52 and
50, respectively to the gasification chambesr
10. The flow of hot coke may be controlled
by a valve or constriction 54, Osxygen is 100
supplied to the reaction chamber 7 from an
oxygen plant 58 in order to provide the
additional heat required to promote the
reactions between'the steam and the coke,

As stated previotisly, the particular type of 105
gasification chamber employed is aot a part
of the present invenfion. However, for
purposes of illustration we have shown a
powdered fuel burner of the Koppers type.

In this burner, the coke is first reacted with 110
a deficlency of sxygen to raise the tempera-
ture of the coke.  The hot steam then reacts
with the hot reaction products of the oxygen
and coke to produce principally carbon
monoxide and hydrogen. The temperature 115
majntained in the burmer is of the order of
1900°-2500° F. 3 non-slagging of the ash is
desired and 2500°-3000° F. if slagging of the

The hot gaseous product which is snitable 120
for use in the Fischer-Tropsch process is
conducted throngh' conduit 64 to heat ex-
changer 85 whera in conjunction with the
heat exchanger 46 heat obtained from the
iue gas of vessel 72 and the synthesis gas 125
irom chamber ¢ serves to convert water in
line 14 to steam. *The synthesis gas is then
led to sny convenient place, preferably
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direetly toa Tischer-Tropsch unit. The ash
from citernber 10 is drawm off through outlet
62, :
The shape and design of the preheater 12
5may aleo - bearing in mind that for the
purposes of this invertion it is essentially a
heat -exchange - device for preheating solids
and steam with the minimum of ‘change in
the character of the- solids. Accordingly,
10 the- bed- of solids .is preferably shallow in
depth so that the time of vontact of steam
with solids
temperature of the steam to that desired.
a-wish to point-oust that in the claims
15 wherever the.iexm © coal ™ is employed itis
intended to inclnde all ranks-of coal, lignite,
Liturainous, and anthracite as well as car-
homaceous-products derived therefrom.
Having now particuledy described and

90 ascertained the nature of our said invention -

and in -what manuer the same is to be per-
formed, we-declare that what we: claim is-:
1. The method of gasifying carbonaceoits
solids, which comprises maintaining fn 2
25 preheating zone a bed of carbonacecus solids
in o fuid condition by passing steam there-
through, circulating 2 portion of the solids
from said bed through a combuslion zone
. wherein some of the solids is burned with air
530 to Taise the temperatare of the rest of the
golids, returning seid heated solids to the
fuidized bed, the amount of burning effecting
therein being controlled with respect to the
amount of selids i the fluid bed to produce
35 a terperature fn said bed between 1400° F.
and 1800°F., conve

from said bed and oxygen to & gasification
zone and effecting reaction therein at an
40 clevated temperature fo produce substan-
tially complete gasification of the carbona-
ceous Toaterials in said carbonaceous solids.
9, The method according to claim 1.
whosein both steam and carbenaceous solids
45 ave ‘heated above 1400° T, and wherein the
yeaction temperature in the gasificaiion zone
is above 1500° F.
3. The method according to claim 1 or 2,
herein carbonaceous solids-from said pre-
50 hivating zome are reacted with a deficiency of
oxygen and the reaction preducts are there-
affer reacted with steam.
4. The method according to any of clamns
1 to 3 wherein the carbonaceous-solids are

coal.
5. The method according to amy of-the

passing

is just sufficient to raise-the.

ing solids and steam -
which has passed through the fluidized bed”

prcce&ing-claims,- wherein gaid combustion
zeme-is separate from-said preheating zone.

8. The methed of gasifying carbonaceous
solids; which comprises maintaining a bed of 60
carbonacegus solids in a fluid condition by
stearn therethrough, circidating a
portion of the solids from said bed through a
combustion zone whercin some of tie solids
is burned with air to raisc the temperature of 65

- the- rest-of the solids, returning said heated

solids to the fuidized bed, the amount ol

. solids circulated through the combustion zene

andl the -amount of burning effected therein
being -controlled .with Tespect o the amount 70
ofsolidgin the fluid bed to produce & tempera-
ture in said bed between 1400° E. and 1800°
¥., reacting salids from said fluid bed with 2
Aeficiency of oxygen, theveafter reacting the
oxygen-solids reaction mixture with sicam 76
which bas-passed throngh the fluid bed, both

of said reactions being carried out under
pressure, and reeovering the gaseous pro-
ducis.

7. Appuaratus-for the gasification -of car- 80
bonaceons solids comprising, & fluid zone in
which a bed of carbonaceous solids is adapted
to be maintained in a fluidized state, means
for circulating steam thromgh said bed, a
comtbustion zone associated with said fluid 85
zone for partially burning a portion of the
carbonaceous solids from seid bed, means for
returning hot solids from said combustion

" ‘gone to said fluid zone, and a gasification zone

in which the-carbonaceous solids from the 90

fluid zone are gasified by reaction with

‘'oxygen and. with steam from the fluid zone.
8. The method of gasifying carbonaceous

selids substéntially as described with refer-

ence to the accompanying drawing.
8, Apparatus for gasification of car-
honaceous- solids constructed and arranged

‘substantially -as. described with reference tu

the accompanyieg drawing.
Diated the 168th day of March, 1949,
For: PITTISBURGH CONSOLIDATION
COAL COMPANY,
STEVENS, LANGNER, PARRY
& ROLLINSGON,
Chariered Patent Agenis,
5/8, Quality Court,
Chancery Lane,
London, W.C.2
amd at
120, East 41st-Strcet,
New Yorl,
New York, U.S.A.
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