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T is mVentmn relates to’s, proceSS for the by~

hydrocarbons, -
hker .

nVersron of sohd carbonaceous mater1a1s,

quant1ty of ‘heat mvolved the large masses. of
X handled the presence . in_the materral

5 glom atlon of the large partlcles, and other :

uch factors have compelled the use. of
com‘hcated processes and apparatus,

steps

more, in such-cases, the gas.or gas- mixture pro-
duced has been, of relat1ve1y poor quahty and it

sts of ‘the-desired composition. .
mventmn is 10 prov1de an..
- the pyrolysm of 2 selid car-

"oxygenated co'npounds, and the '

ﬁ all of Whlch heat is wasted and the .over-.
all efﬁcxency of the elements reduced Further-.

10

“(Cl, 48==197) "

9
bonaceous material contammg volatlhzable con-
stituents.. . N
Other obJects and. advantages of the invention ~
will _appear. from the.-following: description: ‘and
claims “taken  in. connectmn ‘with _the attached .
drawing. wherein ! preferred embodiment -of the:.
invention is shown dlagrammatlcally
In..a preferred spec1ﬁc embodlment of th‘
invention, a solid carbonaceous material is gasi-. .
fied.-by .2 novel: method wherem the heat for the :
necessary carbonization: and gas1ﬁcat10n is pro-r_»
duced from the material 1tself the ‘heat exchange.::
phases being. carr1ed out. in 2 manner whereby
substant1ally all the. heat: is. conserved and “put,
to eﬁicxent use, :The: volatlle components, such
as- tar, oil,. and coal gas:are volatilized in 2, car.—.:.

" bonizing. step by a highly efficient. transfer of -

20

25

,control its- productmn to -

an ~1mproved method for ~the pyrolysrs of 2 car—' -
bonaeeous material - .containing.: volatlle .COmMpPOo=- -
nents :

Another, obJect 1s to prov1de an improved

carhonaceous matenal, upon heatmc to vaporlze
the' svolatﬂe components, leaves re51dual carbon...
bJect is :to - prov1de an: 1mproved

removal -of :yolatile. const1tuents therefrom .and -
the- exothermm reactwn of res1dual carbon.

ated in-the: gas1ﬁcat10n o

al.
A further -object of thls 1nventron 1s to plov1de
apparatus-for- carbomzmg and- gasﬁymg a eal=:

the‘gamﬁcatxon of carbonaceous mae..

Still- another obJect of thls mventwn is to pro- o
vide an improved method for treatmg g carbona- -

Stil another obaect is to prov1de such a process» :
; /50.

35.

heat-from the actual gasifying: step, such.volatile....
components belng ‘kept out.of physrcal contact
with the material being gas1ﬁed to avo1d contam1- 3
nation-and . 1nterference with the productlon of
the final product gas.- The carbonaceous mate-.
rial- in ﬁnely d1v1ded form is - dlspersed dn. a .
gaseous medlum angd. subJected to:a ﬁash car-
honization; the heat therefor bemg supphed by
oxidation. of resrdual coke from the. carbonlza-,
tion. . The entire. process 1nclud1ng the carbon-
ization and the: gasification. is carrred out: in-a -
single reactor means. being - prov1ded for: sepa-.

rating- the operations. from one another to pre-.-

vent-mixing: of the several .gaseous products pro-
duced ‘thereby. .

In.brief, in a preferred specIﬁc embodnnent
the present 1nvent1on contemplates the: malnte-. :
nance-of-a mass of devolat111zed or -+ carbomzed
material, for example -coke, preferably in-the. »
form of .2 fluidized:mass; in contact with-a; react-
ant. gas or gases whereloy the carbomzed ‘matbe- i
rial is .gasified with.the. generatron of heat 40

-produce the desired-gaseous products; the mate-‘

rial heing arranged -in indirect -heat exchange. -
relation:. with - an: 1ncommg ‘mass..of fresh -carbo=

naceous material-containing volatile: comnonents

45

55.

whereby - the heat :generated: by the : ga51ﬁcat1on
of . the carbonrzed .or -devolatilized  material:'is :
made available -without .substantial :1oss o -the: -
fresh-material - to effect -the-distillation ~of rthe:::
volatile: components therefrom, .these volatile: -
components being: separately withdrawn to-avoid:

‘mixing-with the.gaseous products of: gasnicatlon

Preferably;. the: fresh: -carbonaceous:materialin:
the form of . fine-powder is suspended-in a non-::
oxidizing gas, suitably recycled coal gas, and con-::
veyed through-a heat .exchange.device heated: by
the mass-of coke being. gas1ﬁed the. residual solid o
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heated fresh material being discharged in the
form of coke into a separator, also receiving heat
from the reacting zone, wherein the gasified vola-
tile components are separated from the coke.
The separator is arranged to discharge the gas-
eous volatile matter in a manner to avoid mixing
with the gases from the gasifying zone and to
discharge the resultant carbonized material or
coke into the fluidized mass of coke already in
the gasification zone of the reactor. To minimize
mixing of the products of gasification with vapors
of volatilized components from the carbonizing
step, the solids in the outlet of the separator and
the level of the coke mass in the gasification zone
are arranged so that there is a substantial resist-
ance to gas flow therebetween. The gaseous re-
actant or reactants fed into the fuidized mass of
coke may be of any desired type which will react
therewith exothermically, e. g., oxygen or hydro-
gen. Limited proportions of endothermically re-
acting agents, e. g., steam or carbon dioxide, may
also be introduced but care must be exercised to
ensure that the gasification step as a whole is suf-
ficiently exothermic to provide the heat require-
ments of the carbonization step. Where syn-
thesis gas is the desired product of gasification,
the proportions of carbon monoxide and hydro-
gen in the product gas may be varied by the pro-
portions of oxygen and steam used.

Referring to the drawing which is to be under-
stood as illustrative and not limiting of the inven-
tion, a reactor !{ is provided with a fuidizing
section [2 and a separating section 13 of enlarged
cross-section to reduce the velocity of the gases
and thus facilifate the separation of coke parti~
cles therefrom. A standpipe 14 is connected to a
line 15 for discharging hot coke into a stream of
recycle gas or similar gas. Steam is bled into
standpipe {4 through pipe 14A to keep the solids
therein in a free-flowing condition. A gas inlet
16 supplies an oxygen-containing gas with or
without additions of carbon dioxide and/or steam
to the base of the reactor to effect fluidization and
gasification. The carbonaceous material to be
treated, such as coal, lignite, and the like, pref-
erably in the form of a fine powder, is charged
from g hopper {7 into a line (8 and fed upwardly
through a heat exchange element {9 into g sepa~
rator. 21, suitably of the cyclone type or the
equivalent, in the top of the reactor. A recycle
stream of coke from line 4 carried by recycle
gas from line 16 may be fed through line 22 to
assist in preventing agglomeration of the coal
particles during devolatilization and in supply-
ing heat to the coal particles. Separator 2{ is
formed with a gas outlet 23 and a discharge con-
duit 24 for solids. An outlet 25 is provided for
the gaseous product of gasification and an outlet
26 for product coke in reactor 1i. A filter element
25A serves to remove entrained solids from the
gases leaving by way of outlet 25.

In operation, the carbonized carbonaceous ma-
terial or coke is fluidized in section 12 of reactor
{1 by gases introduced through line 16. For such
fluidizing, it has been found that satisfactory re-
sults can be secured with coke particles of less
than 40-60 mesh in size, preferably about 40 to 50
per cent of the particles finer than 200 mesh in
size, and a gas velocity of about 0.5 to 3.0 feet per
second. The flow of gas is so arranged that the
level of the coke extends above the discharge port
24 of the separator for a purpose to be Iater de-
scribed.

Ths oxygen-containing gas, preferably at least
95 per cent oxygen, reacts exothermically in the
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4
reactor to produce carbon monoxide. The addi-
tion of steam leads to the generation of water
gas, i. e, hydrogen and carbon monoxide, the
composition of the final product being variable by
varying the proportions of the gases fed in ac-
cordance with the well-known practice.

The product gas is taken off through line 25
and conducted to storage facilities, g synthesis re-
actor, or any other desired point. Product coke
may he removed as desired through line 26. Gas-
ification may be carried to any desired extent in-
cluding substantially complete consumption of
the carbon in the residue from the carbonization
step; otherwise, high-ash coke may be withdrawn
from the gasification zone for treatment in a
separate zone,

Fresh powdered uncarbonized material, pre-
heated, if desired, is fed from hopper 17 into line
{8, the maferial being caused to travel through
line 19 by reason of the gas fed through line i8.
Line {9 constitutes a heat exchanger entirely sur-
rounded by the reacting coke, and hence directly
heated thereby without the possibility of any loss
of heat in the transfer. Line {9 may be in the
form of a spiral, a series of tubes, or any other
suitable form, it being desirable that the maxi-
mum heat exchange surface be provided con-
sonant with the rate of flow of the material con=
veyed therethrough. In passing through line (89,
volatile components such as water, coal, gas, tar,
etc., are distilled from the material, leaving coke.
The volatile matter, together with coked fines
from the mass, is separated from the residual solid
material or coke in separator 21 and discharged
through line 23 to suitable recovery means.

While the material in line 19 is heated by the
surrounding fluidized mass, it can be considered
to be in indirect heat exchange relation with said
mass by reason of ifs being maintained separate
therefrom as regards physical contact, the vola-
tilized constituents likewise being maintained out
of physical contact with the fluidizing mass or the
gases discharged therefrom.

The coke collects in the bottom of the separator
and is gradually fed into the fluidized mass in the
gasification chamber 12 through conduit 24 at a
rate generally corresponding to the rate of con-
sumption of the coke in the fluidized mass, the
feed being substantially automatic. It will be
noted that while the coke in the bottom of the
separator and the coke in the gasifying section
12 are of substantially the same density per se,
the fluidizing of the mass in section 12 tends to

_decrease the effective density in section (2, thus

creating a pressure differential operating to
cause coke to flow from the separator into the
major hody of coke in section 12. Because of the
resistance to gas flow offered by the relatively
packed char in conduit 24, it is difficult for the
gases introduced through line 16 to pass into
separator 21 or the volatile material distilled in
line 19 to escape into sections 12 and 12 of the
reactor to become mixed with the product gas or
enter into reactions therewith.

By feeding fresh carbonaceous materials to the
apparatus at a suitable rate, depending upon
various factors, such as the cross-sectional area
of lines 18 and 19, the material charged into line
18 may be so treated in heat exchanger {9 as to
be in a substantially carbonized condition and
ready for reaction with the oxygen and steam in
the gasification chamber when it is discharged
from line 19 into separator 21.

By means of section 13 being of enlarged cross-
section relative to section 12 there is a consider-
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-able .reduction in ‘the vélocity -of the fluidizing
‘medium thersthrough. -Accordingly, the larger
pafticles in the mass tend to fall back ‘irto -the
-reactor, only _some fines being entrained “HHd
‘separated ‘by . filter-25A from ‘the gases Teaving
‘throughline 25. i ‘
By .reason of the conveyance of the iresh ma-
“erial through line [9 with a gaseous medium, the
catbonization is efected in a widely dispersed
phase which ‘is ‘in rapid motion. “This high
veloeity insures an effective transfer of heat Te-
ceived ‘Trom ‘the surrounding fluidized mass of
coke; accordingly,-there s Aittle .or no chance
for agglomeration in ‘line 18 regardless of the
original volatite content of ‘the material. It Wwill
also be noted that the coal gas and ¢ther volatiles
are in cortact with the solid:muterial for only a
short period of time, thereby enabling a minimum
of -cracking or degradation of these products.
TWith 2 bed depth in the gasification sectioh of
about 46 fest and an overhead gas space abollt 5
feet deep.and a temperature in the range of dbout
19200-1600° 1., Within pipe 18, the coking of the
fresh Teed in line 19, when in finely divided form,
ean be accomplished in a travel or residence tinie
of about 1 to 4 seconds. In such case, the tem-
perature of the fluidized bed in the reactor is
maintained in the range of about 1300-1800° F.,
dependent, upon the rate of travel or residence

. time of the fresh material in line 9. Obviously,

the temperature as well as the travel time and
the rate of flow of the fresh material will vary
with different. type of carbonaceous materials.
The present invention requires only a single
veactor and a minimum of external piping
through which heat may be lost. No difficulty
is involved in determining the correct coal grind
as with the conventional two chamber design
and the problem of agglomeration is substantially
eliminated.. In cases where more heat is gen-
erated in the gasification step than is required for
the earbonization step, the excess heat may be
recovered in useful form, for instance, by making
steam in coil 21 or equivalent heat exchanger
disposed in contact with the carbon~containing
bed which is being exothermically gasified.
Alternatively, excess heat may be utilized to crack
a heavy hydrocarbon fraction, say gas oil, intro-
duced through line 28 and distributing nozzle 29;
this method of utilizing excess heat is par-
tieularly appropriate where a carburetted water
gas is the desired gaseous end product of the
gasification step.

Tn the treatment of oil shale and like material
containing a large proporfion of relatively inert
maiterial of the same waste character as coal ash,
suitable means is provided for the removal of
the waste material such as separators in the
product gas lines or a solid discharge outlet in re-
actor (1. .

An important field in which my invention finds
application is the manufacture of city gas. In
such instance, synthesis gas produced in the
gasification step is reacted. in the presence of a
catalyst to form methane which is mixed with
coal gas from the carbonization step to yield the
desired city gas.

Where the term “carbonaceous material” is
employed herein, it is intended to include coal,
lignite, oil shale, brown coal, and the like, con~
taining varying proportions of volatile consti-
tuents which, after distillation, leave a solid
carbon-containing residue that is capable of re-
acting with an oxygen-containing gas or hydro-~
gen at elevated pressure in an exothermic man-

ner.
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without departing -from th
theteaf and only siich linital
posed s are indicated 1h the appended claims.

Lelaim: »

‘1. 'Th "a ‘process for carbonizing and gasifying
a solid carbotacests material containing volatil-
izable constituents wherein said material is sub-
jected to carbonization by the distillation of
volatilizable constituénts therefrom in a distilla-
tion zone and the resulting carbenized miaterial

is-subjected to gasification With an oxygen-con-

taining .gas in a gasification zone, the improve-
ment which ecomprises passing said earbonaceous

‘material in finely divided form as a dispersed

phase entrained’in a stream of non-oxidizing gas
flowing at a velocity sufficient, to inhibit settling
of -said carbonaceous material therein through
the -distillation zone in -indirect -heat exchange
with a reacting dense.phase fluidized mass of the
carbonized material -undergoing gasification in
the gasification zone whereby heaf required -for
the carhonization -is transferred-from the gasi-
fication zone to the distillation zone, separating
the resulting carbonized material from gases
comprising volatilized constituents from the solid
earbonaceous material, introducing at least a
part of said carbonized material into the gasifica-
tion zone, and separately discharging the gases
from the distillation zone and from the gasifica-
tion zone.

2. A process as defined in claim 1 wherein
carbonized material from the gasification zone
is suspended in non-oxidizing gas in admixture
with said carbonaceous material supplied to the
distillation zone.

3. A process as defined in claim 1 wherein said
carbonaceous material is coal.

4. In a process for carbonizing and gasifying
a solid carbonaceous material containing vola-
tilizable constituents wherein said material is
subjected to carbonization by the distillation of
volatilizable constituents therefrom in a distil-
latiori zone and the resulting carbonized ma-
terial is subjected to an exothermic gasification
reaction ‘with a reactant gas in a gasification
zone, the improvement which comprises passing
said earbonaceous material in finely divided form
as a dispersed phase entrained in a stream of
non-oxidizing gas flowing at a velocity suffi-
cient to inhibit settling of said carbonaceous
material therein through a. distillation zone con-
tiguous and in direct heat exchange with a re-
acting dense phase fluidized mass of the car-
bonized material undergoing gasification in a
separate gasification zone whereby heat required
for the carbonization is transferred from the
gasification zone to the distillation zone, separat-
ing the resulting carbonized material from gases
comprising volatilized constituents from said
solid carbonaceous material, introducing at least
a part of said carbonized material into the gasi-
fication zone, and separately discharging the
gases from the distillation zone and from the
gasification zone.

5. A process as defined in claim 4 wherein car-
bonized material from the gasification zone is
suspended in non-oxidizing gas in admixture with
said carbonaceous material supplied to the dis-
tillation zone.

6. A process as defined in claim 4 wherein the
exothermic gasification reaction is carried out
with hydrogen at an elevated pressure as the
reactant gas,
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~ 7. In a process for carbonizing and gasifying
a solid carbonaceous material containing vola-
tilizable constifuents wherein said material is
subjected to carbonization by the distillation of
volatilizable constituents therefrom in a distilla-
tion zone and the resulting carbonized material
is subjected to an exothermic gasification re-
action with a reactant gas in a gasification zone,
the improvement which comprises passing said
carbonaceous material in finely divided form as
a dispersed phase entrained in a stream of non-
oxidizing gas flowing at a velocity sufficient to
inhibit setfling of said carbonaceous material
therein upwardly through a distillation zone
disposed within a gasification zone containing a
reacting dense phase fluidized mass of the car-
bonized material undergoing gasification where-
by heat required for carbonization is transferred
by indirect heat exchange from the gasification
zone to the distillation zone, introducing the re-
sulting carbonized material and gases compris-
ing volatilized constituents from the solid car-
bonaceous material into a separation zone dis-
posed within said gasification zone and having
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an outlet for solid carbonized material disposed
within said fluidized mass of carbonized ma~
terial whereby carbonized material from said
separation zone is introduced directly into said
fluidized mass in said gasification zone, with=-
drawing said gases comprising volatilized con-
stituents and substantially free from carbonized
material from said separation zone, and sepa-
rately discharging the gases from the gasification
zone.
JOHN C. KALBACH.
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