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FMC 5441

This invention relates to the producticn of synthe-
sis gas. It 18 particularly concerned with providing
heat requirements In a fluid-bed gasification system of
producing synthesis gas.

The gaslfication of carbonaceous sclids with steam
to produce a synthesis gas contalning high concentratlons
of hydrogen and carbon monoxide has been practiced for
many years, In fact, it 1s one of the clasgic processes
of the fuel industry. Known as the water gas reaction,
1t ecan be depleted by the followlng i1dealized equatlon.

C + Ha0 1600°F’ CO + Ha

In the large scale manufacture of synthesls gas,
one of the chief difficulties 1s providing sufficient
heat to sustain the highly endcthermic reactlon. Prob-
ably no other single aspect of the process has 30 engaged
the attentlon and efforts of fuel technologlsts. Although
many sclutlons have been proposed in dealing with this
long standing problem, a completely satlsfactory solution
has yet to be found.

Commerclal gaslflcation of solld fuel began during
the latter half of the 19th century wilth the development
of the fixed-bed procesg. In this approach, a bed of
carbonaceocus solld, usually coke, is alternately heated
and reacted with steam to produce blue or water gas.

The coke 1s heated red hot by partial combustion followed
by introduction of the steam until the endothermic heat
hag slowed the reaction (or cooled the bed below the re-

action temperature). The bed is agaln blasted with air
followed by steam and the cycles repeated.

During the 1920's, fluidized bed technology was ap-
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plied to gasification on a commercial scale and generally
has displaced the older fixed-bed system, Although fluid-
bed gasificaticon of carbonaceous sclids has been exten-
sively developed, the providing of reaction heat, particu-
larly in commercial installations, continues to be a prob~
lem. One of the more recent approaches to this difficulty
involves the withdrawal of a recycle stream from the gas-
ification bed, and its partial combustion to raise its
temperature to such a point that, on recycle back to the
reactor along with fresh carbonaceous solids, it provides
a substantial portion of the necessary heat of reaction.
Such a scheme is illustrated, for example, in Patton et
al U.S. Patent 3,440,117 issued April 22, 1969.
Unfortunately, the use of recycle streams for heat-
ing fluid beds results in the production of fines which
tend to be blown cut of the synthesis gas reactor with
the synthesis gas along with the fines produced in the
reactor by breakdown of char particles due to reaction
with steam. The fines either are lost or must be recov-
ered and returned to the process at some expense., In
addition, the buildup of fines necessitates reduction
in gas velocity in the reactor, thereby reducing over-
all throughput.

In applicant's South African patent No. 71/5823,

granted January 3, 1973, we describe a char recycle technigue

whereby the buildup of fines is greatly lessened. 1In
this process, a recirculating char stream from the gasi-
ficiation zone of the fluid-bed reactor is heated, exter-
nally of the zone, with combustion gases derived by burn-

ing a portion of the carbonaceous solids, by utilizing,
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as a fuel for the productlen of combustion gases to heat
the recirculating char stream, fines from the process
separated from the stream of syntheals gas coming out

of the gasifilcation reactor, most preferably by an ex-
ternal cyclene, malntaining contact between the combus-
tion gases and the recycle stream for at least suffilcient
time to get heat interchange {a fraction of a second),
but nect more than a few seconds, to minimize chemical
reaction between the recycle char and the combustion
gases.

Although a declded advance, the process aforesald
does contribute a certaln amount of fines due to some
attrition of the char in the recycle loop. Manifestly,
reduction of fines to an even lower level 1s a desider-
atum of the art.

It has now been discovered that the heat require-
ments for the productlon of synthesls gas by fluld-bed
gaslficatlion of carbonaceous sclids without significant
formatlon of flnes can be realized by passing through
the gasifler a stream of inert pellets heated by contact
with hot combustlon gases produced by burning fines col-
lected from the external cyclone of the gasifier,

Figures 1, 2 and 3 of the drawing, annexed to and
made a part of the application, show a stylized flow
sheet of the lnvention.

The present process is an improvement in the known
processes for producing synthesis gas from sollid carbon-
aceous materials in a fluid-bed, In such a process,
the carbonacecus raw material, ground to a size such that

1t can be suspended 1in a gas stream to form a suspended
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bed of solids surrcunded with gas which acts like a
fluid, 1s reacted with steam 1n accordanceg with the
following equation aforesaid. The temperature at which
the process goes in the indicated directlon depends on
the nature of the carbonaceous materlial; it is generally
from about 1600°F to about 2000°F, preferably about
1800°F., At these temperatures, raw coals will fuse;
hence, the solid carbonaceous material is generally a
char of some kind —-- rangling from low-temperature cocal
chars to cokes derived from coal and petrcleum.

In any cage, the reaction is endethermic, requir-
ing about 2700 calories per gram of carbon. Part of
thls heat can be supplled from the superheat put 1into
the steam used in the process, as reactant and as fluid-
izing gas for the bed of carbonaceous materlal, but
large amcunts of additional heat must be supplied. This
is generally done by combustion of g portlon of the
stream of material fed Iinto the process, fto produce
heat which 1s used in the process.

In accordance with this inventlon, this heat 1is
supplied by introducing into the gasifilcatlon zone, a
clvculating stream of inert, refractory pebbles which
have been heated by contact wlth the hot combustlon
gases produced by burning the flnes which are expelled
from the gasiflier. The pebbles, 1n passing through the
gasificatlon zone, transfer their heat to the reacting
system, from whence they are conveyed back to the com-
bustlen zone of burning filnes to be reheated for another
passage through the gasification zene and so on in a

continuous stream between the two stations.
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Referring to Figurce 1 of the drawing, there is a
gaslifler 10 in which 2 bed 12 of char is maintained on
a grid 14 by a fluldizing stream 16 of superheated steam.
Carbonaceous material is fed into the bed 12 via entry
port 18.

In the gaslifler 10, the hot carbonacecus materlal
in the bed 12 reacts with the steam to form synthegls
gases, mostly CO and Ha, but also contalning some CO.,
and He0. Thege gases, contalning entrained sollds, are
exhausted through a line 20 to a cyclone system 22, pre-
ferably external to the gasifier vessel 10 for ease of
maintenance. The cyclone system may consist of a single
unit, but is preferably a series of cyclones. In the
cyclcone system, the solids entrailned in the synthesis
gag stream are separated from the stream, which exlts
from the process through line 24, The larger sclids in
a complex cyclone aystem are returned to the reactor;
but the finer solids are withdrawn through line 26 to
a combustion chamber 28,

The sollds fed to combustion chamber 28 are selec-—
tively the finest solids coming from the fluid-bed in
gasifier 10, since the synthesis gas stream plcks up this
fines fractlon selectlvely. By burning them, flnes are
prevented from bullding up in the system, thus reducing
the lcad on the c¢yclone system 22, permltting a much
smaller capiltal Investment and less maintenance 1ln this
area., At the same time, selective removal of fines sta-
bilizes the size conslst of the bed sollds, permltting
a high throughput of gas without expelling solids from
the bed.
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The combustor 28 1s preferably a slagging combus-
tor, 1n which the ash content of the fuel is removed as
a molten slag thrcugh line 26. Almost all of the ash
fed to the gasifier 1s removed in this stream, with only
a very small quantilty being discharged with the stack
gases.

The combustlion 1s done with air preferably preheated
to about 800 to 1000°F and supplied from a line 30, the
hot combustlon gases are conveyed by line 32 into pebble
heater vessel 36, where they meet with z stream of air-
culating pebbles which are drawn from the bottom of the
gasifier 10 by a line 3% which feeds into pebble heater
36. The pebbles are moved by transport gases entering
line 34 from line 3B. The heated pebbles leave pebble
heater 36 via line U1 and enter the gasifiler 10 above
bed 12. Make~up pebbles are supplied to the pebble
heater through line 35. The combustion gas stream and
fly ash are drawn off through line U4C.

Figure 2 1is 1ldentical to Flgure 1 except the flnes
are burned directly in a fluldized-bed pebble heater 36.
In thls case, the ash 1s carried with the flue gas through
line 40 and emerges out of the top of pebble heater 36.

Flgure 3 18 another alternatlve to Flgure 1 except
that pebble heater 36 is an entrained type reactor.

The fines and & limlted amount of alr enter via lines
30 into the reactor at several levels alcng the reactor
to maintaln a temperature of 1900°F. As with the modi-
fication of Flgure 2, the ash exits with the flue gas
out the top of pebble heater 36.

The residence time in pebble heater 36 must be long
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enough tc ensure heat transfer from the hot gases to the
pebbles. Assumlng an 1800°F temperature in the gasifier
and a combustion gas temperature of about U4Q00°F, 1t
requires less than 0.1 second to get the temperature of
minus 3/8-inch pebbles up to about 2100°F.

Any carbonaceous solld which can be fluldized as a
raw material, partilcularly coal chars and petrcleum
coKes, can be used in this process. Advantagecusly,
char such as 1is produced in accordance with U.S. Patent
3,375,175 to Eddinger et al, lssued March 26, 1968, or
the calelnate described in U.S. Patent 3,140,241 to Work
et al, issued July 7, 1964, 1s used. The apparatus of
this 1nvention may be combined wlth the apparatus of
these patents, to increase the over-all yleld of flulds
from those processes, by gasifyling the char resulting
therefrom.

The pellets or pebbles used 1n the process cof the
invention are hard, refractory particles of sufficlent
density whereby they are not fluldized 1n the gasifica-
tion zone but pass downward through the fluidizing me-
dium while transferring thelr heat content to the gasi-
flcation medium. Once the pebbles emerge from the bot-
tom of the reactor, they are swept along hy the trans-
port gases back to the pebble heater. The pellets are
desirably spheres having a dlameter of from about mlnus
1/4-inch to about minus 1/2-inch, preferably minus 3/8-
inch., An especially convenlient and low cost material
is minus 3/8-1neh pelletized, partially vitrified char
ash produced by caleining char ash to about 2200°F, 1In

general, the pebbles should have a specific heat of from
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about 0.230 to about 0.275 and a specific gravity of from
about 2.30 to about 4,00, The peilets should have a
speclfic gravity at least about 10% greater than the car-
bonaceous solid so as not to be substantially fluildiged
therewlth. Coal char has a specific gravity of about 1.7,
The concentration of the pellets in the gasifier
depends on thelr specific heat, the heat requirements
of the gasifier, and the respective residence times of
the pellets and of the char in the bed. In genéral, a
10 welght ratioc of pebbles to char about 1 to 1 to 3.5 to
1l is satisfactory.
Examples of suitable pellet material are 1isted in

the following table,

Table I
Mean Specific
Heat between True
32 and 1800°F, Specific
Material Btu/lb. °F Gravity
Mullite (3A1:0,.25103) 0.245 3.00-3.20
S81llimanite (Al20,.S10,) 0.270 2.75-2.85
Alumina (Al;0,) €.255 3.75-3.95
Magnesia (Mg0) 0.277 3.40-3.60
Pelletized Char Ash 0.255 2.55-2.65
Sillecon Carbigde 0.260 3.17
20
Example
940,191 1b./hr. of make-up char produced in accor—
dance with U.S. Patent 3,375,175 at 1000°F, containing
13.1% ash or 123,010 1lb,./hr. (stream 18) i1s combined
with 34,500,000 1b./hr. of recycle pebbles (stream 41)
in a gasifier 10, fluldized with 1,120,135 1b./hr. of
steam (stream 16). The gasifier 10 operates at 1600°F
and 35 psig, and the heat for the gasification reaction
{2700 calories per gram carbon):
30 (1) C + H0 ¥ CO + H.
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i1s supplled by recycle pebbles, whlch gives up their
senslble heat upon cooling from 1900°F, the pebbles en-
tering temperature, to 1600°F, the gasifier operating
temperature. The water-gas shift reaction.

(2) CC + Ha0 ¥ Hp + CO.
also cceurs to some extent under the conditions of the
gasifier.

The pebbles, being denser than the char, sink to
the bottom of the bed under the fluldlzing action of
the sfteam and product gases. The pebbleg, in the amount
fed (34,500,000 1lb./hr.} are continuously withdrawg f;om
the bed via stream 34, and are moved by transport gases
from line 38 back to pebble heater 36. 410,187 1by /hr.
of char fines (stream 26) are eluted from the gasifier
and collected in external cyclone separators are burned
with 3,615,235 1b./hr. of ailr preheated to S540°F. fThese
char fines contaln the total ash entering wlth the make-
up char, or 123,010 1lb./hr.

The product gases (stream 24) from the gasifiler are
clese to the equilibrium for reactions (1) and (2) above,

and contaln:

Compound 1b./hr. Vol.%
Ha0 266,374 13.5
o 1,145,286 38.1
H 94,862 bk g
Cog 143,613 3.1

TOTAL 1,650,135 100.0

The char flnes combust completely to carbon dioxide,
thereby heating the recycle pebbles to 1300°F. The ash
in the make-up char, {123,010 1b./hr.) is removed from

the system by elutlon cut of the fluidized bed by the
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combustion gases (stream 40). The combustlon gases
leave at about 1900°F and 35 psig. After removal of
dust, heat and power are recovered from these hot com-
bustion gases by sequential passage through a waste

boller, a gas turblne and finally an air preheater.

-10-
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The embodliments of the invention in which an ex~
clusive property or privilege 1s claimed are defined

ag follows:

l. The process of making synthesls gas by the gas-
1ficatlon of a carbonaceous sollid wilth steam in a fluid-
ized bed, the improvement of providing heat to the process
comprising burning fines separated from the synthesis
gas stream wilthdrawn from above the fluldized bed, con-
tacting the combustlon gases from the combusted fines
wilth lnert refractory pebbles for sufficlent time to heat
the pebbles, and Introducing the heated pebbles Into the

gaglfication zone.

2. The process of claim 1 whereln the pebbles are
clreulated in a contlnuous path downward through and cut
of the lower end of the gasifier and back through the

combustion zone of burning fines.

3. The process of claim 1 whereln the fines are
burned under cconditions which convert the ash to molten

slag.

4, The process of claim 1 wherein the fines are
burned 1n a fluldlzed bed of recycle pebbles and car~

bonaceous solids.

5. The process of claim 1 whereln the fines are
burned in an entralned type of reactor and whereln the

pebbles are transported and heated.

6, The process of claim 1 wherein the carbonacecus

s0lid 1ls coal char.

i1
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7. The process of claim 1 whereln the refractory

pebbles are made from coal ash.

12
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