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3 Claims.

1
The present invention relates to the produgtion
of gases from non-gaseous carbonaceous ma-
terials and more partlcularly to the productlon
of gas mixtures containing carbon monoxide and

hydrogen, such as water gas, from such. solid .

carbonaceous materials as coke various coals
lignites, brown coals, peat, oil shale oil coke tar
sands, cellulosic matenals mcludmg hgnm and
the like.

It'has jong been known that solid fuel materials,
such as coal, coke and the like, may be converted
into mere valuable gases which can he more easily
handied and more efficiently used for a greater
variety -of Dpurposes. One of the mest widely
practiced gés-generating conversions is the so-
called water gas process in whieh solid fuels, such
as coal or coke of any origin, are reacted with
steam ab femperatures of about 1400° to 3600°- P
to preduce water-gas mixtures of carbon monox-
ide ahd hydrogen in varying propertiens, de-
pending mainly on the time of contact, eonversion
temperatures and the feed ratio of steam. The
overall water gas reaction being. endothermic,
heat must be supplied which is usually aceom-
plished by the combustion of a portion of the
carbonaceous feed with .an oxidizing gas, such
as air and/or oxygen, at-about 1600° to 3000° P,
‘The combustion reaction may be carried out
either simultaneously with the water gas reaction
or alternately in a make and flow fashien.

The water gas process permits the production
of gas mixtures of widely varying compositions
and B. 1. u. content. ‘The process as such, there-
fore, is extremely well suited not only for the pro-
duction of fuel gases of varied B. {. u. content but
also for the production of gases for hydrogenation
processes and particularly for the catalytic syn-
thesis of hydrocarbons and/or oxygenated organic
compounds from carbon monoxide and hydroegen,
which,- depending on the products desired, re-
quires Ha: CO ratios varying within the wide limits
of 9.5 to 5 volumes of Ha per volume of CO.

However, the technical utilization-of the water
gas process, particularly for hydrogenatlon proe-
esses and the production of synthesis gas, has
been appreciably impeded by difficulties encoun-~
tered particularly in heat supply, contlnulty of
operation and limitations in temperature imposed
by low ash fusion or softening points. The prob-
lem of contlnulty of operation has been satis-
factonly solved heretofore by the- apphcatmn of
‘the so-called fluid solids techmque wherein the
carbonaceous charge is reacted in the form of g
dense turbulent mass of finely divided solids
fuidized by the gaseous reactants and ‘products.
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:about: 1600° to 2100° F.;

-99% at temperatures of 2100° F. and above.

With respect to heat supply, such processes. cons
template either generation of heat hy combustmn
of carbpnaceous materials within the gas A=
tor or-a. contmued clrculatlon of SDlld carbong=
ceous. matenal in a fluidized state to a. separate
heater in which heat is generated by com )3}
of the carbonaceous constituents of the residue,
and reclrculatmn of the h1gh1y heated sohd uid=
ized combustign residue to the gas generatlon zZone
to supply the. heat. requlred therein.

When the heat is generated by burning ear-
bonaceous solxds within a gas. generator employ-
ing . the fluid solids. techmque for a cont1 ous
productlon of water gas, hlghly' concentrated
oxygen rather than air must be used as the fe) o8
dizing -gas to avcnd dﬂutmn of the product gas
with large proportmns of n1trogen When the
heat is generated by combustion in a separate

ater as outhned above consxderable di ies
result from the i ;tatlons necessarlly 1mp9sed
on the practical temperature difference- between

the heater and ga,s"éenerator In order to main-

‘tain .s0lids - -eirenlation within reasonanle 11m1ts,
~this -difference should be as large as poss1ble
“Fhe eonversion -of stea,m in the water gas re-
-aetion increases under otherwxse equal conchtlons

with inereasing temperatures in the range- of
it may amount te about
25 1050% at temperatures up to abeut 1700° F

to.about 85% at about 2000° F. and to about-98 to
The
gas generator temperature should, therefore, be
-as high as the heat resistance of economical con-

-struection materials ayailable for fluid equipment

and the fusion.er softening point of the ash
‘permit. However, the same factors limit the
heater temperature It follows that, even if the
heater is. operated at highest temperatures at-

‘tainable in technically practical equipment. and

commensurate with the ash fusion or.softening
point which lies in the neighborhood -of -about
20600° F. for such-materials as high ehrome-nickel

-steel -and reasonably priced ceramic-lined steel,

and for most coal ashes the gas generator will

‘have to operate at a temperature below about
-2000° F., 1. e.-far below the optimum temperature

range no-madtter how high the rate of c1rcu1at10n
of heat carrying solids may be chosen. As a re-
sul, steam eonversion - ‘remains 1ncomp1ete and
the process has a low degree of eﬁ“lclency or-re-
quired - conversion space is -excessive. - Simiiar
difficulties arise when the combustion is carried
out - within the £as - generator 1tse1f bec&uee the
temperature may not be Taised above about 2000°
F. in econemically prapt;cal techmcal equrpment
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3
and without troubles arisen from ash fusion
or sofiening.

These difficulties are particularly pronounced
when the gasification reaction is to be carried
out under elevated pressure above say 20 Ibs. per
sq. in. gauge because the rate of steam conversion
drops rapidly when the pressure js inereased and
this drop in rate of conversion must be compen-
sated for by a corresponding increase in tem-
perature or increase in contact time.

The present invention overcomes the afore-
menticned difficulties and affords various addi-
tional advantages. These advantages, the nature
of the invention and the manner in which it is
carried ouf, will be fully understood from the
following description thereof read with reference
to the accompanying drawing.

1% is, therefore, the principal object of our in-
vention to provide an improved process for the
production of gas mixtures containing carbon
monoxide and hydrogen.

Another object of our invention is to provide a
process for the production of water gas from
carbonaceous materials and steam involving an
increased conversion of steam by more econom-
ical means.

A more specific object of our invention is to
provide an improved process employing the fluid
solids technique for the production of water gas
by reacting solid carbonaceous materials with
steam and supplying heat of reaction by the
combustion of carbonaceous materials.

Other objects and advantages of our invention
will appear hereinafter.

We have found that these objects may be ac-
complished quite generally by employing in a
fiuid gas generator solid carbonaceous charging
material of relatively high chemical reactivity.
Tn this manner, the steam conversion at a given
temperature and under otherwise equal condi-
tions may be considerably increased and the gas
generator may be operated at temperatures con-
siderably below the gas generation temperatures
required for other feed material under similar
conditions of pressure, steam concentration, con-
tact time, carbon concentration, ete. without
detrimentally affecting the steam conversion.

In general, carbonaceous solids which have an
oxidation reactivity of Tis of 200°-250° C. and of
T of 250°—300° C. are suitable for our process.t
Our preferred highly reactive carbonaceous start-
ing material is low temperature coke obtained by
carbonizing coal at temperatures not substan-
tially higher than 1000° F., and preferably with-
in the range of 600° to 950° ', to an oxidation re-
activity of about T15=200°-210° C. and Trs=
950°-260° C. When low temperature coke of this
type is charged to a fluid gas generator the gasi-
fication temperature may be Jowered as much as
about 160°-200° P. heneath the level required for
conventional charging materials such as coal or
high temperature coke, without affecting steam
conversion under otherwise equal conditions.
Substantially complete steam conversion of 98
to 99% may be achieved at temperatures in the
neighborhood of about 1800° F., while at 1700° F.
the steam conversion still amounts to about 80%.
Gas generator plugging which may be a danger
in fixed bed operation as a result of the use of a
charge of low mechanical strength is avoided
when the fluid solids technique is applied. Thus,

1 Qebastian and Mayers, Ind. Eng. Chem. 129:1118
(1937) Ti5_and Ty are the temperatures at which the rate
of heat release by oxidation of a sized sample becomes
great enough to raise its temperature at rates of 15° C.

-per minute and 75° C. per minute respectively.
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4

the gas generation reaction may be efficiently
conducted below the upper temperature limits
drawn by the heat resistance of economic con-
struction materials and the ash fusion or soften-
ing point. :

Other suitable highly reactive charging mate-
rials include certain bituminous or sub-bitumi-~
nous coal, lignites, brown coals, etc. uncoked or
coked, at temperatures not substantially above
1000° ¥, preferably between about 600° and 1000°
7, whose oxidation reactivity falls within the
limits indicated above, Whenever a preparation
such as carbonization, drying, oxidation, ete. of
the charging material is required or advisable in

= order to attain the desired high degree of reactiv-

ity, we prefer to employ the fluid solids technique
for the purpose because this technique affords
the greatest advantages with respect to tempera-
ture control and constancy as well as uniformity
and constancy of product composition and re-
activity.

The heat required for the gasification reaction
and charge preparation is preferably generated
by combustion in a separate heater and circula-
tion of highly heated solid combustion residue to
the zones of heat consumption, although com-
bustion within the latter zones by means of air
and/or oxygen may be applied instead or in ad-~-
dition to a separate heater, if desired. Thus,
when employing the fluid solids technique, we
prefer to use a system similar to that described
in the copending F. T. Barr application, Serial
Nuraber 619,874 filed October 2, 1945, wherein
carbonaceous residue from a fluidized gas gen-
erator bed is subjected in the form of a fluidized
bed to combustion in a separate heater and the
sensible heat of hot combustion residue is used to
supply the heat required in the gas generator.
No matter, however, which method of heat sup-
ply is chosen the advantage of increased steam
conversion ‘or reduced gasification temperature
will be fully realized when using our highly re-
active gasification charge outlined ahove.

In application Serial No. 702,992, filed in the
name of Frank T. Barr on October 12, 1946, there
ig set forth the concept that in the low tempera-
ture carbonization of carbonizable solids unde-
sired tar fractions are recycled to the carboniza~
tion zone to be converted into gas, light oils and
coke whereby the yields of desirable products and
the reactivity of the coke in the water gas reac-
tion are increased.

Having set forth its general nature and ob-
jects, our invention will be best understood from
the subsequent more detailed description in
which reference will be made to the accompany-
ing drawing which illustrates a system suitable
for carrying out the preferred embodiment of the
invention.

Referring now in detail to the drawing, a solid
carbonizable fuel is crushed or pulverized in
crusher | to a finely divided form, for example,
of the order of 50% having a size of less than
100 mesh, though small lumps of up to Y or ¥
inch size may be used. For the purposes of the
following description, the carbonaceous material
will be referred to as a bituminous carbonization
coal containing 30-35% volatile matter, but other
materials can be used.

The properly sized carbonization coal is hoisted
or conveyed in any. manner known per se through
line 3 to feed hopper 5. From here it is fed
through line 10 provided with screw feeder 4
into pipe 18 provided with control valve {9 and
then into 5 dispersing chamber 20. The finely
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divided coal is dispersed in dispersing chamber
20 in a stream of “fluidizing” gas, such as super-
heated steam, nifrogen, flue gases, carbonization
gases or vapors, or the like; supplied through line
22 by compressor 24. The solids in the-dispersion
are now in the so-called fluidized state in which
they are capable of flowing through pipes, valves,
ete. similar to a liquid and exhibiting statie-and
dynamic heads.

The fluidized coal enters the conical lower por-
tion. of the enlarged cylindrical -carbonization
chamber 26 and passes through a distributing
grid 27 into the carbonization zone 28 where the
carbonization coal is subjected: in the form of.a
dense ebullient fluidized mass forming a well de~
fined upper level 29 to coking temperatures of be-

tween about 600° and 950° F.,- preferably. around

900° . 'The heat required for the carbonization
reaction is preferably supplied by highly-heated
solids recirculated from combustion chamber 60
through line 65 as will appear more clearly here-
inafter. Volatile carbonization products -con-
taining small amounts of solids fines are passed
through a gas-solids separator:-30 which may be
a centrifugal or eleciric type- precipitator, -and
through line 32 to any conventional system 34-for
the recovery of such volatile carbonization prod-
ucts as coal :gas, oil, tar, chemieals, etc. - Unde-
sired tar fractions may be returned through line
35 to chamber 26 to be converted into gas in the
course of the carbonization treatment. Solids
separated in 30 are recycled through pipe 31 to
the dense phase in 28.

Fluidized low temperature carbonization coke is
withdrawn from carbonization chamber 26 at a
point above grid 27 through pipe 36, and passed
through control valve 37 to . dispersing -conduit
38 where it is taken up by highly heated steam
supplied from steam preheater-50 through line
4. - From dispersing conduit 38 the fluidized coke
is passed through line 39 into the lower conical
portion of the eylindrical gas generator 42 pro-
vided with distributing grid 43 in an arrange-
ment similar to that of carbonization chamber
26.

The gas generator is maintained at a tempera-
ture of between about 1600° and 1900° ¥., pref-
erably about 1700°-1800° F. and a pressure of
about 40-60 lbs. per-sq. in. gauge to permit the
water gas reaection to take place between the
steam and the coke maintained-in a dense, ebul~
lient mass 44 forming a level 45 in generator 42.
The heat required for the water gas reaction is
supplied by highly heated solid residues recir-
culated from combustion-zone 68 through line
69 at the desired temperature, as will appear
more clearly hereinafter. At these conditions,
the conversion of steam to carbon monoxide and
hydrogen amounts to about 80 to 90% of the
theoretical as compared with -about 30 to 60%
when a conventiona] gasification charge such as
high temperature coke is used, The -relative
amounts and the contact time of-coke and steam

-supplied to generator 42 are so controlled that
about 80 to 90% of the steam is converted to I |

and CO and about 80 to 98% of the coke is.ef-
ficiently utilized in the combined heat and water
gas generation.

A gas consisting mainly of carbon monoxide
and hydrogen is taken overhead from generator
42 and freed in gas-solids separator 46 from en-
trained fines which may be returned through pipe
48 to the dense phase 44. The gas leaves sepa-
rator 46 through line 49 and passes through

w
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gdmitted through line 51, to a cooling system 52
“from which it may be withdrawn for any desired
use-as a fuel gas, for hydrocarbon synthesis, and
others, ‘"Tower 52 may also be a scrubber.for
removal of any traces of suspended solids. not
‘separated in ‘46. ‘The steam preheated in 50
‘passes through' line 49 to dispersing conduit 38,
‘as. outlined above.

-Bolid carbonaceous gasification residue is with-
‘drawn through vertical pipe .53 from. a point
‘above grid 43 and passed through control valve
55 to dispersing conduit 86 where it is taken up
by ‘hot air, oxygen, or other oxidizing gas sup-
plied through line 57, as will appear more clearly
‘below.  The mixture of solid gasification residue
-and oxidizing gas passes at about the tempera-
ture of the gasification zone through line 59 to
‘the conical lower portion of the cylindrical com-
‘hustion chamber -60 ‘which has a construction
similar to that of chambers 26 and 42-and serves
2s a heater for zones 26 and-42. ‘The solids-gas
‘mixture enters the cylindrical portion. of heater
60 through a distributing grid 61 .and forms
thereabove g “fluidized dense ebullient phase 62
having a well defined upper level §3. The tem-
perature-of zone 62 is maintained between 1700°
and 2000° F. preferably at about 1800° to 1900°
F., Solid combustion residue consisting essen-
tially of coal ash is returned from a point above
grid 61 at about the femperature of the com-
‘bustion zone §2 through.vertical pipe 65 provided
.with control valve 67 to the lower portion -of
carbonization chamber.26 in amounts. sufficient
to supply the heat regquired for carbonization.
This amount may vary hetween about 100% and

"2009% by weight of the solids charged through

‘line 20, depending on the temperature difference
between combustion zone 62 and carbonization
.Zone 28, good results being, in genera), obtained
:at a solid recycle ratio of about-100% to 1509.
A fluidizing gas may be supplied by compressor

24 through line 88 to facilitate the transport of

the- solid  through line-65.

- .:Another -eonsiderably larger amount of solid
combustion residue is withdrawn from above grid
_61 through vertical pipe 69 provided with control

-valve Tl to.be returned through. line.39 fo. gas

generator: 42 to supply the heat required in gasi~
fication zone 44. In accordance with the con-

siderably higher temperature -and. the normally

Jarger dimensions of gas generator 42, the amount

-of solids recycled to 42 is.a high multiple .of that

recycled to carbonization.chamber.2§ and may
vary between the approximate limits of 30 t0:300
times the carbon content of the solids charged
through line 36 or may be about 20 to 100 times
the amounts of-solids returned: through line 5.

Flue -gases are withdrawn overhead from
‘heater 80 through gas-solids separator 72 where
they are freed from solic¢ fines. - The fines may be
returned- through -vertical pipe ‘73-to-the dense
‘Phase -62 -or - withdrawn - from  the systera. - Hot
“flue --gas -substantially free of -solids is passed
through line 15 to air preheater 78 where it pre-
‘heats the air supplied by compressor 18- through
line ‘79. -The preheated air passes- through line
51 into dispersing -ecnduit: 56 -as- shown abeve.
Flue gas, if desired after further dust removal in
80, may then be applied to any desired use, such
as the operation of a flue gas turbine 82, for
heat recovery, or discarded.

The superficial gas velocity in reactors 26, 42,
and 60 are those commonly used for the fluidiza-
tion of dense beds of solids of the particle size

steam preheater 50 in heat exchange with steam 75 indicated and may range from ahout 0.3 to 10 ft,
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per second, preferably between about-0.5 to 3 ft.

per second. The pressure of the system may be

essentially atmospheric but is preferably kept

within the approximate limits of 40 to 200 ibs. per
s5¢. in. gauge to save compression on the gas man-
ufactured. Higher pressures may be used. as
feasibility and economy of contruction techni-
ques allow, particularly if water gas of high
B. t. u. value is desired. Our invention is partic-
ularly well adapted to high pressure operation
since high steam conversion can be obtained at
reasonable temperature even at the highest pres-
sures desirable for gasification.

Means may be provided to withdraw ash from
suitable points of the system in any manner
known per se, for instance from pipes §5 and/or
69 in order to avoid a build up of ash in the sys-
tem. If desired, an oxidizing gas such as air
and/or oxygen may be supplied to chambers 26
and/or 42 to generate heat by combustion there-
in, in order to supplement or replace the heat
supplied from heater 60. Other modifications of
our invention will appear to those skilled in the
art.

Our invention will be further illustrated by the
following specific example.

Ezxample

The superiority of the process of the invention
over the gasification of a conventional gasifica-
tion charge is illustrated by the data given below
which summarize the essential conditions of
water gas manufacture in a system of the type
specifically described above and illustrated in the
drawing, using conventional gasification feed on
the one hand and gasification feed of the inven-
tion on the other hand.

Raw Coal inspection:
Ash, Pereen . o e
Volatile matter, percent. ..o
Fixed carbon, Percent_ ... oo

Bt Ueo oo
Fusion temperature, °F el 2,150
Conventional | Present Gas«
Gasification ification
Feed Feed
Carbonization Temperature, °F....... 1,700 900
Coke Reactivity:
Tys, °C 415 205
TN O, 495 250
QGasification Temperature, © 1,800 1,800
Qasification Pressure, p. s. i. g- 4 45
Fluid Bed Height, Ft_ . weoaaeooooo 32 32
Fluid Bed Density, Lbs./C. F___...... 20 20
Inlet Steam Velocity, Ft./Sec 0.5 0.5
Carbon Conecentration, Wt. Percent
of Solids___ .l 20 20
Steam Conversion, Wt. Percent. .. 50 90

The above data demonstate that steam con-
version may be almost doubled when operating in
accordance with the present invention under
otherwise equal conditions.

While the foregoing description and exemplary
operations have served to illustrate specific appli-
cations and results of our invention, other modi-
fications obvious to those skilled in the art are
within the scope of our invention. Only such
limitations should be imposed on our invention as
are indicated in the appended claims.

2,657,986
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We claim: _

1. The process of producing gas mixtures con=
taining carbon monoxide and hydrogen from
solid carbonaceous materials and steamn which
comprises contacting steam in a gasification zone
at gasification temperatures with a dense ebul-
lient mass of finely divided carbonaceous solids
fluidized by an upwardly flowing gas to resemble
a boiling liquid having a well defined upper level,
said carbonaceous solids being low temperature
carbonization coke formed by coking carbonace-
ous material in a coking zone at temperatures
within the range of from about 600°-900° F. to
produce a coke having an oxidation reactivity of
about T15=200°-210° C. and T75=250°-260° C. to
produce carbon monoxide and hydrogen when
treated with steam at gasification temperatures,
withdrawing coke from said coking zone and
passing it directly to said gasification zone, with=
drawing solid carbonaceous gasification residue
from said gasification zone and passing it to a
combustion Zone, subjecting said solid carbon-
aceous gasification residue to combustion with
an oxidizing gas in said combustion zone to gen-
erate heat and supplying heat of combustion to
said gasification zone as sensible heat of finely
divided combustion residue returned to said mass
by withdrawing hot carbonaceous solids from said
combustion zone and passing them with said car-
bonaceous solids withdrawn from said coking
zone to said gasification zone.

2. The process of claim 1 in which said gasi-
fication is carried out at a pressure above 40 lbs.
per sq. in. gauge.

3. The process of claim 1 wherein the solids in
said separate combustion zone are maintained in
the form of a dense ebullient mass of finely di-
vided solids fluidized by an upwardly flowing gas
to resemble a boiling liquid having a well defined
upper level.

FRANK T. BARR.
KARIL J. NELSON,
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