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1| come plastic or tacky on heating thereby causing agglomergtion

| In such processes, small partlcles of the solid fual are ra-

_particles but insufficisent for entrainment of the average
‘siue particles from the ped. The resulting bed of solid
| particles presents the appearance of a boiling liquid. Dense

phase fluidiration i now fairly well Xnown iR the art,

-in particular, known as caking epals, have = tendsney to be-

~glsd. of heating the coal o drive off at least a porcion of
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This inventien relatss te a process for the gasiflea-
tion of a solid carbonaseons fuel. The process of the ine
vention is applicable to the gasificaﬁion of egal, 1ignite;
oil szhale, and the like, It iz particularly useful {or the
praduction of fusl gus from those curbonacecus materials which
tend to agglomerate on heating. |

The fluidismed solids technique has been applied to

rrocesses for the gasificatien of carbonaceous materials,

acted wlth a gaseous reactant while the solid particles are
maintained in a dense phase fluidised bed. Fluidisation 1a
effected by passing ths reactant gases upwardlj through a bed

o the solid particles at 8 rate sufficisnt to agltate the

.Goal, for ezample, in “'.form; fay be subm
jgcted 3 gasificasion in a flvidized bed by fsactian with an
orxldising gas. Sﬁme diffieulty has heen exparicneed in the
gasification of ¢oal due to the tepdency of many grades of

coal to form clinkers or agglomerate on heating. Some coale

b

of ths particles. Thess coals may bs treated prior to gasifis

cation to prevent agglomeration, JSuch pretrsatment may con-

the volatliitzable constituents thareirom, or partisl pra-
oxidation of the coal, usually with an oxygan-containlng gas

or anitric acid. An expedient which 15 used to some extent
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involves mixing fresh coal with coke, gah, or an inert
maberial, suﬂh_as gdand, o prevent agglomeration of the raw
coal pearticles,
The proces:s of ths present invention is particular-

1y adaptables %o the handling of caking coals apd similap I
golid fuels without difficulty due.ta the agzlomerating tend-
cney of the material amd generally withbout the necessity for
preliminary treating,

_ In aceordance with this invention, the aclid tarbon
aceous fuel is comminuted te a2 partinle sies suitable for
fluidization, sultably loss than 1/4 inch in diameter, and
prafarably leas shan about 0.2 iach in diaméter; sad charged
to &.gasificatian gone into an agitated mass of particles
'ﬁj‘hﬁt char; or residue, resulting from previcis partial
l-gaeification of coal. The bed of solids In the gesification
h'”sanefis‘fiuidized by & stream of fiue gas sagﬁhat carbopiza-
@ian ﬁf the faed meterial in the resulting mixture takes

: IplaGE'in & dense phase fluidized bed. Fn11mw1ng charging of

'.frash cual and sarbonization in a fluldlzed bed fluidization

20 *of the bed of aolids in the gasifiaatlon rgactor is disconw

-
r
=

ERE

tlnued dml the bed permitted to settle. The settled bed
ganerally occupies a volume approximately 1/3 the volume of
the Fluidised bed., Fuel £a8 is generated by the gasificatlon
of she particles in the settle bed by reaction with a stream
-_ofﬂstqém passed downwardly through the settled bed 6f heated
particles. Oxygen-containing sas m&y optionally be supplied
to the Bed with.the steam for the production of gas. Some
agglomeration of the particles takes placs during the gasie

| fiﬁatian reac¢tlon. Followlng gasification 1n the settlsd

wed, a stream of hot flue gases is apsin passed upwardly
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-which is particularly applicable to the saaification of caklns
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throvgh the bed of partieles at a valecity sufficient to eausk
fluidizgation of the bed. These hot zases also SUPRLY hzat o
the bed to make vp for heat lost therefrom vy the endothermic
reaction betwesr carbon and astean during gasification. As
the bed 1= fluidized, any agglomerate particles or clinkers

g2%tls to the bottom of Lhe bed and =zre wishdrawn therefrom.

At the ssme time, an additional quantity of fresh coal is fed
inte the fluidized bed, thus completing the gasification

oo le.,

The agglomerate particles romoved from the gaelficn

Lien reactor are reacted with an oxygehi~conkalning gas, suit

ably air, to supply heat im the rocess. During she fluiddimy)
tion, the streaw of hot flue gases used for fluidizaticn and
for heating of the bed of spidid narvicles in the gasiiier ig

derived from the cobustion of the agglomerate particles in al

separate sone. When the particles im the gasification Yeachoy
are mbjected to reaction with steam, the hot gpases may be

used to supply heat for ths geueration of steam or for other

An object of this invention is to provide an im-
proved process for the gusifiration of a solld carbonaceous

materiat. A4 fucther object is bo provide such & process

goal, Another object is to provide a rrocess for bhe gasi-
fiecatlon of solld carbonacsous materials which tead to soften
and agglomerate on heatimg, Other objects and advantages
will be apparent from the following detailed descriptlion and
the atcompanying drawings.

Figure 1 of the drawings iz a diagrapmatie sleva-

tlonal wiew in cross-section of one form of avparatus ;
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Jfof small particle sius is fed from a storage hopper & by a

gases Lo pass through but retains substantially all of the !

Jizetor. Grates of this type arve known in the art and do not,

it permita pases to enter the gasification reactor and also
20,

‘These gases may be cooled by a coonler 15 and may e treated
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switable for carrying out the process of my invention.
Migure 2 iz 2 diagrammazic elevablopal view, partlyx
in crusa—éection, 11lustrating an arrangement of apparabas
;uibable for conducting the process of ay invention wnder
elavateﬁ przesurs,

With reference to Flgare 1 of the drawings, coal

gereW conveyor 7 into a gasification vessel 8. The gasifica-
tion vessel 2 is providasd with a tipping gfata 9. When the
grate P 1s opened, fairly large particles may drop fLhrowgh

into the space below the grate. Wnen it is clesed, i1t parmity
#olid particles making up the charge in the gasification re-

pér;sa, form a part of the pregent invention, Below grate &,
ﬁﬁ_cutlﬂt'cbnduit 11 15 provided for discharging gas from
tha:gésification wone. A valve 12 ¢loses the lower =nd of

the gasifieation reastion vessel. When this valve is open

permits discharging solid particles from the fasification
;éactar, as will be deacribed hereinafter. An inlet conduit
1§ ia.pravidad at the upper.end of vessel & for the intro-
dustion of a gasificatlion reactant. (ases may alse be dige

chargad from the upper part of the vessel 8 through iLine l4,

in & separater 10, suitably of she cyclewe type, for ths ree
mbval.éf powdered soiid: entrained in the gases, ' The result-
ing pases e discharged through line 17.

Diznoged below vessel & is a separate reaction

gone 20. Communicatlon may be eutablished between the flue
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pee gensratlon zone 20 and the wvegsel & by opendng walve 12,
fhis permits flus zases from khe comousticon of residue in
Bone 20 to pass dnto ths gasification wesss=l H, Altarﬁative-
Ly, the gases frog zone 20 may be passed to a furnacs 21 by

2

5 prperation of valve 22,

The furnace £! may conbain a more or less conven-

Fional Loiler comprising staam gencraticon tubes 23, sbeam

rum 24, and steaw prehaating coils 25.  Jteam may be wibtne

drawn from or supplisd o the aystem through line 26. A part

i tr all of the steam introduced into vessel & througn line 13

ay be aunplied from the stesm bollar through line 27

Adir 1s suppiied to the lower purtian'pf sone &0 Lo
a blower 31 through tuyers 32 far coﬁSumptiDn of fusl therein,
dsh is discharesd from zone Eﬁ-ﬁhrouéh an outlst 33, Aip
15 from blower 31 may alsu.be introduecad ﬁhrmugh tuyers 3% into
lzone 20 above the level of the fuel therein, as ilinsrrated
in the drawings and, if desired, to an outlet 30 in the
furnace 2l. |

¥ines separated frﬁm the gas siream in separator
20  1o may be intruduead thrgugh 1ine 17 into gone 20. Additional
fuél may be discharged, if nscesseary, from a storage bin 34
into zome 20 shrourh line 5%9.

In sperabion, air is blown through tuyers 32 inta
the Flusg ous generasilon sone 20 cnnauming carbon frem the Tuel
25 [lang produeing hot producer gas. Additional air is introduced
Shrough tuyers 34 to burn the produéer gas.witﬁ & aubstantial
‘excess of secondary air, The hot gésea From smone 20 are intro-
diced inko vessel & bLelow grate 9 by ppéﬁing valve 12, Valve
22 15 in cleosed position., Urate 9 1= turned to open peaition

30 to allow free entrance of the hot gases from zone 20, which
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fluidizes toa fusl bed Al, incressing its volume Lo aboub 273 4
the woluma of vessel 8, a2s indicated by As. During his

period, fresh coal iz introduced to vessel & from hopper &

by neans of fesder 7. Dases discharged from vessel & through
g 22

dugt 14 are ¢ooied by a cooler L5, saltabliy in the form of a

waste boiler, and passed to ¢velene separator 16 where fine
particles are sepsrated from the gasss. The gases are diz- i
shargari froo the system through line 7. Fing particlas
sgparated from the gages sre passed through line 37 1o sona 2%,

Turing the period in which gasss are passed from
vone 20 throush the bed of fusl in.VEHHel g, zaslomarate
particles ssttle to bhe bobtom of the fuel bed and eacape ;
Trom the bed through grate 9. These particles drop iato zone
20 and provide a sourse of fuel for bhis portlom of tha pro-
GRESa

When ihe temparaturs of ths fuel bed in vessel & is
rajsed to thke desired temperature, For sxample, l,éﬂﬂFF. Lo
2,000°F., grate Y and valve 12 are closed and varve 22 opsned|
5o parmit the gases from sone 20 to pass into-furnaﬂe 2.
Air ig eppbirmousily introduced irto -zone 20 Lo produce heak.
This heat iz now utilized in furnace 21 for the production
af steam, as sxplained in nore deteail hereinafter.

Upon discortinuing the dmtroduction of gas through ;
valve 12, the fuei bed in wvessel 8 seliles asbove grate 9 %o |
form a bed of relastively small #oiumg, g3 indicated by Aq.

Stesm is now introduced intoe veszal 8§ above the bed of fael

threugh line 3%. The duct 14 is closed so $hat the gteam

paszes down through ths hot fuel bed gensrsting fael gas, The

H
fusl ras isaves through grate 9, wWhich is now in closed ;
L
position, and iz discharged from the vesszsl through line 11, !

I
which I8 Nnoew OLell. !
I
1

v
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- chamber with cheekar brdekwork, not illustrated in the draw-
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Mhan the fuei bed bemperatur: drops to a bsmparatura
such that the rate of gus producziom falls off, Jor example,

4,500°F., the flow of steam throwgh Linz 13 is discontisued,

=1

line 11 iz clozed, tine 14 and valve 12 openad, valve 22
clozed, snd the cyele ropeated.

Waite zas is being made in vesscl 8 by rezcting thai
fuel ted with stean, the hot gases proaduced in the gas pro-
auction zone 20 are passed tarough vaelve 22 inte furnasee 21
to produce sfeam for the protess, Stoam mey b2 soenarated in
the boiler tubexz 23 and this stesm drawnm fron steam drum 24 :
shrouzh a superheaiing coil 25, alsc disvosed in Yurnace 21.
Steam froa the superhesater 25 may be passec Sarough line 27
Ler gupply steam to the gasification vessel & turouzh line 13.
4ir iz zZensrally iatrodupsd ihrough.tuyera 34 above ths bned
in subatantial excess to insure connlebs combestion of the
gagas from the fuel bed in zeone 20. Alternatively, or addi-
Tioaally, air may be intreduced directiy inte furnace 21
through Linlst 38.

Inatead of superhzatsr subes 25, a regeneration

ings, may be usszd for preheating steaa, as is well known in
ths arv. An altsrnative, though leass desirable, procedurs is.
the operation of the gas gensration in vesael 8 az a fluoidig-
ing aystem. The dewndralft-fixed bed cperazicn and the fividid-
ed bed operation may be used consseutively in the zas produc-
ing cyole.

Some of the advantazses c¢i the process of ay inven-—

tion as compared with psual water cas producers ararbicher
gverage bed temperatures, hewce higher gas yields; lLazsg

cxrbon dioxids; longer gzsification perieds; and lsas danger
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Jaf damsging the grates. Uneclassified, Jower zrade fuels may

1%& uged, which wreaults in lower fuel coat ané, conseowvently,

Llower gas cost. Furthernore, the system may be oparnted undar

1igh pressure,

o Lpparatues for operation nder pressure is illustrat-

ad diagrammatically in Figure 2. In this case, the water gaa

L]
fpenerator & 1z degigred for osnaration under prassure, For ex-

ample, Ffram 100 so 750 pounds per square inch gﬁ&ge. The

ITlue gas generation soue 20 may be deaigned Ffoy eperation af

I
10 gthe ggme preasure or a lower pressure, 2, g., atmpspherds ppes%
gure. The twe zoned ars connsched by a pressare loek 40 :
provided with a valve 41 communicating with the lower part f
oi vesgel & and valve 42 communicating with the usper pars ;
of wves=el ZO0.
1z . Alternasively, tThe pressure look 40 ﬁay Te omitted
emid the pressure in vessel 20 increased to tnat in veasel 8
duricg the heating peried and subseguontly decreased to a
Lli_::irrer preasure, for exampl?, atmasphe}ic pressure, For dig-
charging the ash ox slag-féé Lhe vessel, Gas produced in
20 5vessel 20 during the make perisd in vessel & may be discharzed
throuzh line 43 to a boller or gas turbine.

In either of the modificztions illustrated, 1t is

rraferabls to operate gusification zone 20 at a temperature
auch that the ash is removed as a fluid slag,

25 foviously, many modiflestions zrd varlatlons of the

invention, as nereinbefore set fortk, may ke aade without de-
parting from the spirib and scups thersol, acd, tharefore,
. enly stch limivations showld be dmposed as are indicated in

the appended elaims,.
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gasedns reactant comprising atean downwardly through a bed

. [&nd- thereafter disceatinuing the flow.of hot flue gas through
“lsaid bed and again passing said gasaous. reactant dewnwardly

.pera$ure 0% sald bed is maintainsd within the range of L500°F,

T AT PROMAREFR . U wewen ot oete i R

540018

The embodiments of the invention in which an sxelus

i
|
491?9 property or privilagﬂ iz claimed are defined as follows:

1

1. 4 gyelic process for the production of Fusel £88 5

from & solld carbonagegus fuel which comprises rasglng a

of sald so0lid fuel in parpicle fore at gasifigation reaction
temperature in a gas generation zZome to produce a fuel gas
camprising,carbon monoxide an&_hydrngqn as prineipal cone
;ﬁtituants, thereaiter discontinuing the flow of sald gaseous _
‘raactanﬁ through said bed, supplying heat to said bed by in- E
troducing a stream of hot flne gaa at & temperature above

sgld maaction temperaturs into the lnwe;_portian el said bed
and pasoing tha flue gas upwardly thgrethruugh.at a-rate
sufficient to maintain the solid particles in. said bed in &
state of dense phase finidization wharaby the larger particles
gravitate Yo the lower portion of said bed, remﬂvlng salg
1argar particles from the lower purtlon of said bed, intro= ]
ducing fresh fuel intoe said bed during said flulﬂl?ﬂtlﬂna

therethrough. for the gemeration of fuel gaa,

2. 4 process acnnrding Yo Claim I wherein ths beme ;

o 2000°F,

_ 3. & process aacﬂrding to Elaim ] wherein said
largﬂr particlas removed from the lowar portion of the bed are

Furnad with air to supply sald strsam of hot flue gas.
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he A process according to Clalm 3 wherein fine
particles entraired in the flus gas stream during fluidization
are separated from sald gas stream and burned with air to= ;

zether with said larger particless to supprly said stream of
Pot flue gas,
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