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Théiﬁregent inventlon relatssg to the gagification
of carbonfcecus watcriale, It.is dore particularly concerned
with an. iepioved procsas Tok meintaining the tesperature in
%hé Eenerator, Lo gccerdance with the present invertion the
temperaf-ure ln the genswvavor, as tor exsmple, a water zas
gEnerator, ls maintnined by withdraving a partion of the
carboazesous matorisl from the geasrstor and peeslag it through
& tramafer line whille 1n contack with air for & relatively
short time perdod. By opersting ino thls mannep, a moxlmam
rroduction of carbon dioxide ig pecuied a8 compared to parbon
moncxide reguliing in the maxlimim prodvclisn of heat Tor the
wmount of esrbonacocus materisl elroulsted,

It 18 well known in the art to tres: carbonacesus
méteriais guch az coal with gteam For the pruﬁucfian of water
g8, 1n-this endothermle reaction, carbon reacts with steam
to preduse hydrogen ahﬂ carbon metoxido, Ffoblems sneounkered
in a coal gmalfication réacticn of thiz character aps the
gelluyz of ¢rushed codl or surplus ool fines; tho gererabing
of waker gaz from the coke with atesm, and the aupplying of
neat for the water gas gemeratlon. Tt is with this lsst
rroblem that this invertian 1s parti:ﬁiﬁrly concerned ,

In secordanne with this Inventlon the temporature
in the weier gns genercior lg malntelned by with@rawing e
pertion of the carbonscecus material Tron the gencretar,
burrdng & portion of that withdeswyn updep conditiona to produce
the maglmue amsant of earben diewide and rocyeling ths heated
rem&inﬂsg to the poneration zone, Thisz ig axtronely desirshic

bezause Iin hurnicg ta carbon dioxide nosrly thres times as i ol

i



e e e e e L

= e L s

ir:

)
3
[
t:
I
-

520801

keab i1y generated than when burcing to esrdan monexide

(D40 vs, 26,4 kp.-zal,/mal of cerbon), thereby miplmtszing
e amount of carbon and air required Lo generats a4 wlven
smount o usef'ul heat, BSinee ths eguilibriam in the presence
of carbon very much favers formetion of cerbon monozide at
the teoporstures at which the hagt mugt be gansrated, thia

241 be scoonplisted anly by wminimizing tho epportunity for

‘reactiocn between the sz and selid Phaace 33 na to dl sdourage

the 2lowsr secondary reaction, © + 00 -3 200, #hilu
permitting the mieh Tasien primary rosction O + 0z -3 €0y to
procesd.,

The process of thia invention may he *eedlly under—
atood bf refﬁranﬁo to the draying il;uatrﬂting one modification

o ths agte, Carbanacesus materizl, asm fop eXample, conl orp

-coke, Is withdrawn frem eeal hopper ﬂl?'thrnugh lines {2) zna

introducad irto water zes ganerator {3) bty mesns of 1ine {4,
Steam ls ivtredesed into 1ine (4) by metns of llne (5}, The
smount of eonl or oole iriroduzed 1n6a the watep H£4E EBoherstop
1a c&nnfnllnd by means of elids vAlve {5}.

The wator gos genorator ia malntedned at & presagre
in the range from abous atmozpharde to 100 1ba./sq, in, go.
while the temperature g mrlntaiced in the rangs frem nbéut
1500%P. to 2100°F. Tha temperoture 4z maintainsd ig water
Eas generaior (3) in n moonep e hereiﬁﬂfter dederibed, Resction
Froducts sre withdrawn gverhead From generctor (%) by means
ﬁf llzme (7) ami irtyoduced lnto gsparatlon zone (B) whcrein
cérbopacesus or ash producte aps severated and remcved Uy means
of linpe (9), Phe water gey reactlon prcducts arc removed
rom the system by necna of Iine (10) 2nd aandled in ooy desle-

able manner. It may be deslranle to recyele azh products

I



separated in zone (8) in wnlch eaze thess predusis are pemoved
oy meanz of line {11) and recycled to the gsnerstion zone =R
ouffielent and additionnl steam muy be introdeced by means of
line {12). 8lide waiwvsz {13} and {14} control the swount of
ash paselng through lines (31) anmt {9) reapectivaly,

In aceordence with tnis invention, carbonaceous
matorials ere withdrawn frou waber gas generator zoas (%) by
meens of 1ine (15), The cmount of carbonaeema matkpials with-
dravn ls comtrolled by noens of zhide velve {16), Alp is 1xtro-
deced by means of Lita {17} and the air and cerbopacenus materislg

458 through e relatively short line {18} in order that the time
of contact bebween the carhonmeocus matsrialas and the alr is

reletlvely ahort, The resctlon producta are fofraduced lnto

oyclone separatlon zene (1G) in whiLh the hot Flue o5 1s seParate

and removed by weans of line {20). These gases ma7 e hondled

in sy desirable mrner, & for exesple, passsd bhrough heat
sZchangers. Tnburned carbopaccous matordsls npe aeparated in
sepairstion gone (19}, withdrawn by means of line (21}, steam
gdded by meens of lins {22) and tho hested o&rbonﬁcenus meterlel s
then pasaegd back to wakap g£88 goansraior mono (3) by means of

line (4],

The proesss of the present inventlan mEF be widelwy wapied,

The lnventlon mﬂy ba edapted fo oy process wheraipn 1t is dasLﬂ—
#zhle to secure tnu maximem amount of hest by the ourning of cep-
borgceous materlals such &z coal. The inventlon, howevsr, is
Farticularly odapted S0 & water gad geﬁbraﬂor reactios in whilon it
i1z desirable to meintein the temp&ratufﬁ in the generatsr zone in
& flved vangs. In assomiance with the pregect lnvention, wsoal or
ceke and aly are coptuacted fop a relatively short timc vETind pa-

aulting in the maximum productlon of carbon dloglds and the minimim
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nrodaetion of earbon wmomnoxide. Thus, to maintaln the temperatitrs
in the generator sonc, 1t is poseible to circulete o smeiler
smobrt of the corbonacsous material thes would ctherylse we
the case Iif cguilibpiwn would Lo reeched bebween cepbon diaxide
ord carnon monox Ada,

The time of vontact Letween the alr cnd the conl moy

be vavied consilderebly, However, 1% iz eosential thei the

me of contact e lezs than five ascands, proferably loes

then one accond., It is gspoclally destrable io conboct bhe

ﬁir and coke for less thean a .7 seconds &l a temperature 1a
the rangs from sbou: 1500°F, tn 2200°F.
The prosent lavention mmy be nore fully understood
by the followlng cxenple I1lustroting modificaticns of the soms,
- ERANFTE 1
Varioss ecporations were comducted irn winieh alr aod
colts were contacted for the time periodé sﬁuwn. The rezults

of these operntions eve as Fellpwd:

L. 2. 3 5.

Tine of copdact (mec.) L ..55 B 5% 10

Cpor, Oner. Oner. Oﬁar. Opar,
L

Toemperaturs °F, 1725 1500 1705 1900 1800
Flue Gaa Annlysis - mol &

Cos 8.3 14,4 18.2 16,5 3.5
Co 3.1 BT 4.4 6.4 27.0
0, 0.0 0.1 0.0 0.2 .0
I Te.E 75,8 7800 7.1 64,4
4 C0; in QO + GO, ok 6ol &3 Te iz

9 80z in 00 + Gln 2t
Qi ibelun For GGE
220

+C oz l.5  0.25 2.8 0.285 0.50

From the above, 1t is Pardlly auparsnt thot by operat-

ing lo sesordance with tho wresent invontlan, o thils cage, i

- Fe



Eimes lesa thon sbont one sacond, substantlal improvements

will Be zecursl, Fop exanpls, Lhe parcentege of C0q iﬁ the
total carbon dlozide plus earban monoxide varied from 60 to
868 when tke time wasm 0.5-0.7 soeond whereas whon a relativalyy
long tlme of contast {ip zeannde ) wag erploved, tha perecntagzs
of carhor dioceids na solpared to serben dioxlde pluz ensbon
l monorlde was shout L2, The numbers in thﬁ laat line indicote
the § Qs 12 00 plus L0o which will Pesuit, Tor soch of the
temparaturea, when long times for reaction aps permittad,

- Toe nrocess of the fresent lnventien iz not to be
ilmited by any theory a3 to mode of pperation tut andy in and -
ty the folloving elodms in which Il 15 dozired to elaim ~17

noveliy lusofar as the pricr oot Dermits,
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Heat may alss be supplled 1n accordance wltin the

inventlon %0 2ucn reacticns as high and low temperatnra

‘i
|

j warbondzation of carbonacecus sollds, coking of hydrﬁearbonacaous

materials partlicularly heavy hydoocarsonacecus residuss

ineluding reduaged erude, azphall, piteh, or the 1lke and

cremhen Mlewean ol

whilcn are 1iguld at the gasifleatlon condltions, suitable

i
%
cglmllar reactiona. Of eourse In the caze of atariing materlals |
;
E

carrier szolida such as ocle, eand, pumlce, ete. will be present
in the gazlfication zone at least to start wp the process, as It

13 well knowr In the art of fluld coking of such materlals.
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What 18 clalmed:

I, f progess Tor forming a gaseous fuel from
finsly dlvided soiid carbonaceous materiai which comprizes
sharging fresh powdered se0lid carbonacecus material to & gassous
fuel generatieon zomne, charglng siteam to sald generatlon zone
where 1t contacts gald ¢harged carbﬁnaceous material at
temperatures within the range of from aboubt 1500°F. to 2100°F.,
causing the zteam to {low upwardly in sald genér&tion Zone at

a sufficiently low rate 30 as to cause the 2ald carbonacecas
materdal undergolng treatment to form a fluldized bed,
withdrawing carbonscecns materint from sald generation zone,
mixilng the withdrawn carbonacecus material wilth an oXyEen
contalning zas and canslng the said carbonageous matarlal to
undergo at least partial sombuation tﬁ add heat teo asaid
carbonzoegous materlal, while the gald carbonacecus material ls
iln the form of a confined sﬁream in a zone of vestricted croas-
sectlon, limlting thea time perdod of combustion of aald carbon-
acgoud materdial within the ILlmlts ﬁf from akout 2.59-0.7 sssonds,
geparating the wburnt carbonacecus naterdial from the resulting
gombuatlon fumes o ﬁrevent aubatantlal reduction of the

formed carben dicxide and refturnlng the Tthus heated carionacaecus
materlgl to the sald generatien zone for the ﬁurpcse oF
Suoplylng the heat necesgary to support the pazecus fuel
peneration thereln taklng place.

2. The meihod of eclaim } in which thecarbonacecus
material withdrawn from the reaction zone 1s subjeeted So ths
inTluense of afir for a aufflelentiy short pesiod of time 2uch
that of the oxides of carbon coatfined 1n the combuation fumes,

up to 26% 13 in the form of carbon dioxids.

3
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The clalma supported by the Suoplementary

digelicsure are ag followst

3. A prosesg for producing gasiform fuels from
czrhonacedus mauerlials whilch comprelses charping fresa carbon-
ageous materdal 0 5 gepificaticn sone containing a dense
turbulent bad of carbonacecuws solids mainktained af a gaslfiaszation
tempereture and fluldized bty upwaraly flowing gazes L0 resemble
2 bolling ldguid, withdeawing carbonacecus sollds from sald zcnhe,
mizxing the withdrawn caroonacecus solidas with = free oxygen-
contalning gas and ¢ausing the sald carovopacecus aolids to
undergo at least partlal combustlon $o add heat o sald carbonaced
3olida, while the sald carbonsacecuz 20lids are in the form of a
confined gtream in & zone of restrleted cross-sectlon, Iimtting
the resldence time of said last-mentioned g&s in contact with saig
sarbonaceois golide to a perlod of lass than about 0.7 s=conds |
at a2 Temperature higher than sald gasiflcatlon bemperature,
seperating the unburned carbonacsous solids from the resulting
copbuation fumss ta prevent eubatantlal reduetion of the formed
garbon Alsxlde and returnlag the thus heated carbonaceous
spllds to the said Zone for the purposo of supplying the heat
ngcasiary Lo support the gasiflcatlon falking place therein.

4, The prosess of claim 3 in which sald higher

temperature is 1B00°F.-2200°F,

e
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Y. & procsss ror supplylng heat o the cOnversicn
of carbonaceous maleriais, which comprises chnarging fresh carbdon-
soeoua materdal toe a ooveralon Tons sontaining a dende
turbulent bted of carbonaceous aolids malntained at a converaion
temperaiure and finidized b? upwardly flowlng gaBEH to resemule
a Dolling liquid, withdrawing carbonaceous solids from sald . ;.|
Zone , mixing the withdx%?@ ganrbonaceoas acllds with a free -
:_oxygen aoﬁtaining gas and causing the eBald carbonececus solida .

to upndergo at least partial combustion to add heat b saia .
carbonaseocus solids, whlis the ssld carbonacecus sollde are in
the form of & confined stream in & Zone ol restrlieced croae-
gection, limlitlong the fgsiﬂence,time of sa@did lagt-mentloned gas
in contzet with sald carhenaqeous sﬂ;ids ta o period of leas
tnan 1 zesond at a temperature higher Ehan sald cenveraion
temperature, separatlng the unburned carbonacedus acilde from
the resultlng combustion fumes te prevent suostantial redustion
. of the Tormed carbon dloxide and returning the thus heated
sarbonacacas poiida to the sald zone for the purposes of supplying
the heat necessary to support the converszlen taking place tharein
. The process of clalm 5 1n which said pericd is
less than 0.7 seconds.
7. 'Phe process of clalm 6 1o which sald higner

temperature 1s 1600°F, -22007F.
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