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Thia Inventlon relates to an lmproved reachor fov covyying out

reactlions In & dense phase finldised ted of pardleulate materisi. Mere '

' partioularly, the inventlsa relabss to such s reactor whersln the fluld-

imed bed im supported at & conaiderable dlstance above the ground o
foundation level, 1

With the meowing vse of the [lwidlzing technique, l.e,, the

% maintensnne of  wass or bed of fizely divided sclida in o fluent and
Il tortulent condition by the upwerd passsge therethrough of a gasifmwm
atresm, several processes have been encountered where It 1s b.ighl}r depir-

able €0 gee one or more Flnidized beds dispensd hiph abovra the ground.

Tiwa, in rossting metallle sulfides auch an pyrites, 1n reducing neballlo
it oxidos, in ocaloining Iimestone, or in rescticme with aclld estalyats, &

aseries of fluidized beds, wertieally salipned one above the other, hes
been propoded to achlevs high efficlency of operstion, FPer prosesses
wheraln the fluildiaing gesas ere at svbatantlally abtncspherlo pressirae or
ot moderste pressures not exereding aboud 190 pounds per syuare inch
gaugs (paiz), adeguete efflciency of cperatlon may Be achlaved with rele-
tively shallow fluidized beds, usually 1aa§' then B feet in depth, Howe
| over, at nigher pressures, dseper fluidized beds are generelly required
to achisve efflcient cootact of the compressed fleiddzing pases with the
fluidized golida, JAecexrdingly, particula..rly in provesses eonducted at
pregawres above sbout 100 pslg in & aeriee of fluldizad beds, eseh at
“ leash & feat in depth, the structnrel stresmsea in the resctor reanlidng
frem the boumoing, butping and ewegding of the flnddized aolids baooms
aericun.

In saveral Inmatances, sach floidized bed iz from about 10 %o

i 20 feek .in depth apd the struntural parts of the reaster between adlacent
| beds may easily meccunt for an additlonal 10 %o 20 feet in rescter helghtd
In guch reactors, $he bolttom of one or mﬁre fluldized heds is at least
gbont 30 fert above the ground. Under these ciroumatences, a Tery diffi;-

¢ult struotursl problem for comerciai-siSE-reactWE with a diameter of
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| a% least & feet, snd frequently in the range of 10 to 25 fesd, is en-

i lem mrlges when the horizontel crosa-sscticnal avea of sueh & reactor ia

X at lasat 90 feet 1z pardicularly meate wikh hesvy selide which glve

£luidized beda with denmiiden of at leash ai:mt 74 ponrda per coblo foot.

Wil amount to several tons, it will be readily sppreciatsd theb the

6082383 |

sovntsred, While wost reastors are built In the form of aylindricsl

tomErs, othar sbapes sre oeocasionglly used but the same structural prob- :

squal, to or exeseda that of a u:.rlindriuai reactor having an 2-fool
ddgmeter,

The structural problem arisimg from the bouncing, Wawping and
awaying of the fluidized solids in & commerciat-size reastor in which the

botton of one or more deep fluldized beds la dlspoeed at en elevation of

Many metallle axides and sulfidea have fluidlzed densitiss of 100 pounds
per auble foot and higher. The higher the fluldlasd density the grester
will be the vibraticnsl awd other a-hraaaaa_in the reantor. Sines the

charge of spllda in each fluldized bed in & rescter of commercis) alge

atropges produced by the fluldized nase require attentlon with respect to
not only vibrstions but also moments, 1.6., tendenples to mova about ‘Eha

foundation ar anchorage of the resstor. Hith bouneing eud swaying flulc-
ized masses of meny tons supporbed b dimtances of 30 feel or mare above

the ground, moweits of dsubstantlal megnitude sre generated,

A principsl objeot of this inventlon iz to provide an improved
flaidizing resctor in which the foregoing structursl stresses ere mind-
mized.

| Thla and other objents and aﬂw.ra:r't.ﬁgen of the Isventdon will be
spparent Erom the deseriptlon whinh :r.‘nl..‘!..;'a'; ..

Ti has beon found that the vii:;rﬁtimml streszses end moments in
renctora having b least one £luldized bed disposed with its boticm 30
foet or more above the ground or fmmdafi.c'\ﬁ. are subotantlially reduced by
placing exterded morfaces In a generally verbical posltion threughout the
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| reactora having flpidized beds with a heorinontel sross-pecticnal arss

| £luidized solids therein cgrrasponds o oty 0,5 sgquare food of surface
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...A_

fluidized bed, While verticel swrfmces are praferred, the extended svr-
faces may in pert or im botal be slighily inelined to the vertdcal, i.e.,

may be slgnted not mere than sbeub 15% pelstive to the vertloal. With

equal to thet of a cylinder st least B feet in dlamster, extendsd sur-
fagsa are dntroduvosd intc the beds to provide between abmt & and 12
agtaye feet of surface in conbact with each eubds foot of fluldized

goids. The murface of an &-foobk diameter cylinder contacting a masa of

per cuble feot of fluldized selide =nd, obviensly, this ratde of amface
to volume i even omalley for maoy uomrﬁial roactors ranging frem 10
to 2% feek and mere in domaker. In uhmrt-. the exiended smrcfpca inktro- f
duced inte cowmercial ressters in accorﬁance with this Invewtion 1nnreaaﬂa
the rotlo of surfaca to volure Ly a fautor nf at lesst 12 to 2#, phertd o]
with g mininum reactor dianeter of 2 feet.

With & fiuldized hed having a depth of B feak, the velums of
fluidized anlida in the mdvdowe 8-foob diameter reauf.ni: is &t least L00
cubie feel. Conaldering solida with a fluidized density of 75 pounds per
auibio fuot, the charge of fluidized solids £illing 400 cubic fest hea a
welght of 30,000 pounds, which again is only the mintmm weight eneount-
ered. To muppert sush a floidized bed with its bobbtom 30 or more feot
above the ground haz praaarrl-.ed ueriaus struuturul prnblma in ﬂ.au nf
the sommlderable bemneing and swaying of"tha fluldized mass within the
reactor. Fowever, by providing from 6 t.u 12 gquare feet of mprface in
sgeh cublo feot of tha flwldized bed, the ';iclant vibration bf the re—
actor cavaéd by the fluifized aclids subatantielly vanishes er becpmes
80 sEell o8 to present no gpecint problem of reacter comstrucotdon, The
Yerge bubblcs, geysersa, -urges, and 1ike ﬁreguﬂaritiaa commenly nphed
1p £luidizing large beds of malide with high deneitles, i,e., at isast
sbout 75 pounds per cublc foot of £luidized solids, sre by this lnvesticon
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| giresses ere sherply curtailad but also the efficlency of cumbaet between

| the gases and polids of the Fluidized mesa 18 materially ineremged.

i gsgusre feet pew cubic foobt may be as muoh as five times as great as the
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sobstantlally elimlnoted with the rapuld that oot only vibratiooal
Thoa, the efficlesey of contact fov & desp $luldized bed having e dism-
eter of 8 feet and a surface-to-volume ratic in the range of & to 12

eflicleney of contact for the peme Fluiddzed bed with the nermsl srface-

to-volume ratio of about 0.5 square foot per cubie faot, That is to =ay,

the latier flnldised bed lacking the extesded swrfaoss of this lnvantion
behaves e though four-fifthy of Iie solids wera nok in effective cnntacf-i;
with the fInidizing ga=. _ I;

For a Purthar descriptlon of the invaubion, reference 1a now
mede o the accompanylag drawings of whieh _

Flgure 1 1a a #entlonal slavation of an 1} Topstrative thrae-
stage reactor enbodying the luveniion; ._ . '

Figore 2 ia a bovdzontal ssoiion of the reactor of Plgure 1,
taken elong the line 2-% of Flgure L _

Flpure 3 da & heorizontal ssational wiew similer to Flpure 2 gk
ahowing a8 modification of the ertepded surfaces dispeped withiyn the re-
actor; awd L

Flgure 4 13 z perepootive elwatiﬁ of a portien uf the ex-
tended surface in the yeactor of Figure 3, on an aiﬂaréed._saala; _I I

Three-stage reactor 1D of Figure 1 ecuprises. a cylindrieal
tower 11 baving a semispherical top 12 aud bottem 13. Reaebor 10 1o sup=
ported on a cylindriosl sxtennion 14 of fower 11 projeating beyond bobbon
13 and lte aszoolated elementm. Extenslon 1:, ia ususlly provided with
acowas epenlnge (oot shown) and 1s of sufficlant helght to glve the de-
g#ired headroow under bpttem 13. EDI‘iBm'ltﬂl.l partitions 1% and 16 dispemed
gt lntermediate lsvels divide tower 11 into three reaetiuq ggn‘hinm or
stages A, B and C.
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Fleady divided solids may be supplied to section A bhrough
valved Iniet 17, TFluidized bed 18 of the solids is supporiad on perfer-
ated plate 19 within section A and solide from bed 12 mey be passed %o
section B through discharge tube 20 extending from perforated plate 19
threugh partitien 15 inte sectlon B, Valve 21 econtrols the flow of
solids throogh tube 20, Stea 22 of valve 21 extends theovgh packing 23
disposed in the wall of tower 11 so that valve 21 mey be opersted ex-
termally of reacter 10,

The solids disoberging from tube 20 fall into flaidized hed 24
in asetion B supported on perforsted plate 23, A alroady deporibed in

connection with sectlon 4, @clids may be dtscharged from fluidized bed :
24, through inbe 207 having valve 21', mtem 22' and packing 23'. The |
solide dlgaharged from tuba 20V £all into Fluidized bed 26 in section G i
ard msy be withdrawn therefrem theotgh valwved cutled 2V,

¥hile the aollds flow in pusoession from t-heJ nppermost to the
lowermost sectlon of remctor 10, the fluidiging and reastlog gas E‘t?l"f?ﬂ.!l
flowa eountersurrently from the lowermost te the uppermeat aseilon, Tha
gas ntream enbers hesder 28 disposed im the apper pertden of gesction G
and flovs dowseardly through the dependlng tubes 29 to dlscharge £rom
the bottow open ends thereof and then flow upwardly through bed 26, The
gad strvean legves Tluldized bed 26 at its psendo-liguid level 30 and en-|
trained particles ard lergsly Msangagaﬁ“ Prom the gas stremm bllbcE'bra' it
sntera cyolone separator 31, Therein rea;tdual entralned particles are
pubstantially eliminated fTom tha gos strean end Teturned tq._ bad 26
through standpipe 32. Centrol tuba 33 of eepsrator 2 diseharges the
gas obream tiwengh pertition 16 inte plemum chamber 34. Thenca, the gad
stream passes up theough perforated plate 35 and leaves Fluldized bed 24
at its pssuio-liguid lewsl 35. A9 in sectlen C, the gaa shream antgz_-ﬂ
cyclone separater 36 provided with staﬁdpipe 37 and nén’bral tuba 3%,

The gas sireem on enberdlng plemnm eha:mhsf-a‘;r fiowe vpurdly trough per-
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forated plete 19 and leaves fluidized hed 18 st its prewdo-1iguid level
40, The gas strean exits from reactor 10 through cutlet 4l after pasalng
through oyclone separator 42 baving atandplpe 43 for the return of sciid
to bed 18 after being removed frem the gas.;a slr oam pessing through cyclong
sepsTator 42.

Resotor 10 is illustratlve of a comuerclal-size vemsal typl-
sally having & dlamster of at least 5 feet and frequently in the raoge
of 10 tp 25 fest, In order to gqulet the r:_l‘u;i.di-aad beds, particularly a
upper bads 18 and 24, the bottome of which are st lemat 30 feed sbove
the grownd or foundstion level, sxtended surfeces are dizposed within
beds 18 snd 24 to provide a surface-to-volume ratie in the remge of 6.
to 12 sguare fewt per cubde feot of fInddized aciidas. .

4n shown 1o Plgurea 1 and 2, & plurslity of U-fubes 46 attach-
&d ©to hesdere 44 aed 4% are suspended in sectlen 4 8o that the poridon
of bhe extericr mmfaces of U-tubes 46 in contact with flwidized bed 12
together wish the portion of the inner surface of tower 1L In contact
vith Fluidlsed bed 18 Falle in the renge of 6 ho 12 square feet per cubds
Poot of fluldized sollds, While U-tubes 46 msy be dumny tubes, i.e.,
bubss used solaly for the purposs of providing extended surface in fluidf
ized hed 12, these fubes may alzo be used Lo olremlate tharet&mh -
heat exchange mediuwm to control the Yempersiure of ﬂui&:’_n.séd bed 12,
Thps, the heat exchange medium way enter each header 44, pass dewn
throogh the legs of U-tubes 46 sttached thersto, and Floew up the other
lega of U-tubes 46 ebtached to hesder 45 from which the heat exchange
nedivm may be withdrewn. Saotlon A would Te prﬁided with a phorality
of pelirs of hesders 44 and 45 in order that T-tubes 46 ney be distribut-d
e subatantislily un'ﬂ.‘ormly throughout fi.l.uizdi.zad hed 18 as shown in
Pigure 2, . ' . -

Sintlarly, in fluidized bed 24 of section B, extented surface
is provided therein. To faeilltate viswalizaticn of U-tubes 46 in

section A, sinilme Uetubes 46' ere shewn dicpossd in fluidized bed 24
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bt torned 90° with respeek to the posibtion of U-tubem 46. For simplin-
ity of the drawing, only 8 few paira of headera 44' and 45% are shewn
supperting rewa of T-tubem 460 in pectlon B althewgh seversl sore palrs
of such neaders and bhelr asmcciated U-tubes are contemplated.

Yo Meure 3, an alternative form of extended sorface i shown
in 1deu of T-tubes 46. In this oase, & plurality of $gbes 47 exbend
wortically iihrnugh aectlon A and baffle plates 48 are disposed bebwesn
fubes AT to provide exbended surface withio fInidized bed 13, Comperlng
Figure 3 with Fipure 2, the numher of tubes 47 18 less than the mamber
of tubgd 45 tmt the morfase—to—volume ratio 1s made sguzl by the addition|
of baffles 4% velded or otherwize faatenod between twbes 47, Figure 4
showe bhat haffles 48 are shert plstes mownted vertleanlly one abewve the
cbher But at vight anglea 4o aoutipuous ﬁllates. Thiz iz szhovn 1n Figurs
& whtrs befile 433 la welded to fubes J_{.—‘a _a'nd &Th, Wwhiles the neats highes
bal'fle 48b ard the next lower beffls 48c u:.r.n walded to tubes e and A7d.
Thoa, 1t w11 be noted that befflss A8 do rob comporimertelize the croze
section of 1duldized bed 18 throughont ifte helght. By Interrupidng.
baffles 48 a8 ehown In Flgmre 4, the gases and solids.of th:a fiutdized
bed 18 are fres to wove along the horizonfal extent of £luldized hed 18
&0 a8 to mainbein mere uniform reaction corditdons.. In some instances,
1% nuy be deslratle o ma]ce bafilea 48 artend vontirmueusly slong the
satire length of tubes 47 so that fluldized bed 14 13 in ef‘fee"..:-i d:iviﬁ.ati
into & plurality of parallel and oonbigucna fluldized maspes,

In pelenlating the Burfa.ca-tn'-;:ﬂm' rabio a8 required for the
purpoges of thiz loventlon, the arean of all of the sarfaces in contact
with the fluidized bad sre added nnd 'hhi;: aum iz then divided by the net.
volume of fluldized aclids In contact w-.T.'t-lh.tha_ surfacea, In the case of
fluidized bed 18 of Flgures 1 and 2, the net volume 1s obtained by gtber

traoting the velume of U-tubes 46 dmmereed in bad I8 from the volume of.

bed 1% csleuleted on the besla of the dlamebter of tower 11 and ths depth

TR AT T T T o T L TRREE

“i
i




T T

R R

B o PR e A il

G T

T B R

e TR

ST

1D

15

20

23

30

of fluidized bed 18 measursd from pasude-llgnid level 40 to perforated

. plats 19, The net voluwme ghould alse teke Inte scoocunt the velume coou-
: imto fluidized bed 18 sbould similarly be teken inte aceount in determin- |

! fases contacking the flvldized molifs.

{| as ghown In Figures 1 snd 2 ia used for the reduetion of maznetdfe by

6068383
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pled by the portien of etendpipe 43 dlpplng lutg finidized bed 128 ond -
thy aree of the exterior surfass of the bertlen of stendpipe 43 dipplng
1rg the total area of eurfaces soniacting the fluddized hed., Where

plates llke tuffles 48 are used, both sldes of the plates provide sur-
Tn a spscific example of the Invenilon, a thres-atege reactor

passing Mgh-puedty hydregen through the ﬂﬁiﬂimad beds. Tower 11 i
29 Papk in diameter and fluldised beds 18, 24 and 26 are esch approxin-
atoly 15 feet fn dogth. The boston of bed 18 da €8 fest above bhe gronnd
and the surfases 1a oontact with this fIuvidized bed glves a surfaas—to-
volume ratic of B.4 squsTe feet per vepde foob of flnidiged eolids. The
botton of bed 2 is 9 feet above the grousd end the surfaces in coutack
with thia flvddiged bed plve s surface~to-volume ratlo of 7.2 aquaré feat
por cubla foot of Fluldized sollds. Banausa of the extended surfaces
diepomed threughout fluldized beds 13 aﬂﬂ 2&, bumpmg, swaylng and ui:-hor
vibrational stresses are not gemersted and tﬂwer 11 does mot present aoy
shructural problens which are dlfferent Erom mny other tower of the sane
aize and lomding capacity. ' . '
Bpecifivally, in tha ﬂlustraﬁive exemple of the reductlon of
megnetita, all of which pesses through a Eﬂ_-maslh seroen and is supplied
to sectlon & through valved inlet 1V, the rniaduz:.tinn with hydrogen iz
effected by maintalning a temperature of approximately 950°F, In #iluid-
1zed bed 13, GOC9F. in fluldized bed 24 aud 850°F, in Elwidized bed 26,
Since the reduction of magnetits by fydrogen is endothermic, the desired
rmtim temperatnray are tonvenlsntly naintained by preheating the
hydrogen ultimately used in resctor 10 and pasaleg the preheated hydrogen
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through U-tubes A6 diaprsed in seotion A, The prehested Mydrogon sup—
plied ta U-tubes 48 by wey of hoaders 44 lseves U-twbes 46 by wey of
headers 45, Thence, the preheanted hp'dz'ngﬁn.is parzed throupgh additicnal
plping (not shown) nnd mesns fer eitﬁjar furt.har hentlng the kydrogen ar
capling it before paaging it through U-tubes 460 disposed in fluidiged
had 24, Agaln, the prehented hydrogen snteripgy tirough beaders 44" and
lgaving through heasders 45" to conmtrol the tepperaturs of fluldized bed
22 1s passed through sdditicoel piping (not shown) and temperstare sd-
justing mesns before It Ia introduced through headers 22 and dependent
tubes 29 to discharge into the botiom of fluidized bed 26,

The aclids mey flew substentially sontirmously through inleh
17 and beda 18, 24 and 26 and valved outlet 2V or the flow thromgh the |
reaotor mey be at regalsr lnbervals. In one operation, lovolving pericd-]
1o trensfer of aolids, fluidized bed 26 fa withdraws from ssetlon O by
way of valved outlet 27 when 963 by wig;l':t__‘t-_.uf the iron content has boen
freed of omygen., Thereupen, fluidized bed 24. ie discharged through
v:nlved tube 207 into eaction ¢ and lts dvon combent Is epprorimataly $OF
by welpht redused or freed of @uygen. Next, fluldized bed 12 with ey
proximately 75% by welghf of its iren content freed of crygen in trans—
ferreﬁxrr_-::m sactlon A to ssctlon B by wey of valved Sube 20, Then, fresh
magnetite is chergad through valved inlet 17 to mide ﬂuidis?a_beq 13
In sestlea A. Dwrlng .tha transfer of beds through the atages of pesctor
10, bydrogen somtimues to flow dinte gection C from header 28 snd tubee 29]
and thenee upwardly threugh sectlions B and A, exiting Shrough outlet 41. |

At & aﬁparfininl reloalty of ebout ong foot per second, the
hydrogen pasaing wpwardly through bed 18 malinteine the aplide in & wnl-
fore and guisscent fluidized comdition, f‘i‘u; of btamping, surping end liks
Irreguleritiss of flnldization enummt:sr.éé in larga reactore nob having
the extended surface of this lrvention. Fuidized bed 18 has a density

of abicuk I00 pounds per suble foob,
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The hydrogan which lz intreduced inte gectlon © by way of

tubes 29 has & wolsture contemt of mbout 0.2% by weight and contains only

The peduotlion is parrded out at an aleutg& mressure of approximetely
400 pounda per sguere loch gavgs, The f&egning acnditions of operation
and other process details for the vedugtlon of irem oxides in a fluldized
conditdon using high-porlty hydzogen ere sed forth 1n Britinh patent
7E1, 105,

While the gurfaces in contaet wiih finldized bed 1% correspond
to = swrface-to-volume ratic of B.4 sguare feet per cvbie foot of fluid-
imed sollds, it bes been found desirable that din lewer heda a decreasing
ratio of ourface-to-volume bhe ua=d because la the suceveding luwsr. beds
the Pluidizad sollds have an lmereeaing content of reduved Iran whieh ln
ture glvea the fluldized molide & greaber teadanoy to bridge beiwsen
ediacent srfeces or otherwise Lo hang up on thege surfapes. Aceordingly,
in the present axarple, the exterdod surfaves a contact with fluldized
bed 24 corcespord to a suwlace-to-volume fatd.n of 7.2 and in contact witH
Fluidized bud 26 a ratio of 6.0 aqma.feét per cnbie foot of fluidized
nelids.

Tn spiie of the large dlameter and dopth of the flojdized teds
and the considerable slevation of ihe tw.n .uppar beds, no serlous bawplog,
aweying ard other vimrationsl siresoes ste encmﬁtered in thefi‘o:‘ﬂgﬂing‘
cperation of the tires-stage reactor. '

1n view of the wvarious modificatlions of the levenbicn which
will cacur o those akilled In the art mpon conslderatlon of the fora-
godng disclosure withoud &aparting from. t-l't.IE: spirit or scops therast,
only such limitations sheuld be impnsed.;;ﬁ _-a:re irdicated by the appended
Elm!. . .

o
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The embedlments of the invention in which an sxelumive
property or privilege A& claimed are Aefined ms follewat

1. in elongated, slevated reasctor adspted io carry out a
procese whersle ¢ gaslforn streat is passed opwardly thromgh a denme
flhuidised Bed of particwlate splids, comprisfing a cylindrisel shell ab
lmaat B feet in dlasotor, s beme for awpporting said bad pomitiened at
lenst 30 feat abova the herizontal plane of anppert of satd reacter,
Deabers heving gaoarally vertical extended surfaces dimposmad within ssld
sbell sbove mald base end distributed swbatantislly throughout the zons
of aald shell to be pocupied by snfd bod, asld zome being at lspat B feod
In dopth, the area of sald exteniad surfmoen topether with the ares of
the iuner murface of #aid shell in safd wone being in the Tange of & to
12 square feat por cuble feot of the net yolume of wafd zone, sald ned
vYolums being the pertion of the tetal wvolume of pald zoms waoenpled by
pald wenbers, weans for-introdueing sald gwaifors stream fnto the bottom
of aald zone, wnd moann for withdvewing seld gesiforn atowan frem ssld
reactor dispored mbavs sald gune.

2, Tho »mastor of claim 1 whereln sald oewbers having ex-
tondad surfaoes sre T=tobes, _

3+ The remotor of ¢lslm 1 whereln anid memborz having extends
od gurfeaces are vorbleal tubea avd plates femtensd Lo amid tubes.

4« The veacter of claim 1 whoreln at lepst seversl of satd
mambers havlng extendad surfac=a ars h;u_ut .#.olgangﬂra.

5. The vesstor of clatm 1 whersin sald bese ia a flat
foramineua plate extending horlzantally i:_ﬁ;hla apid shell.
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£. The resctor of slalm 1 uhar;_m n ssopnd base for Bupport=
irg a e=scond dense fluldized bed of particuiate solids is pozitioned
above the firat sald besa and spaoed therefrom so thot the yertieal
direnslon of ssld mewe is mt least 8 Ieat as aforegald, and monbars
having genorally vertienl sxtended surfasea ars disposed withls anid
shell above seid seoond base and dlatribuied subatantially throughoub a
second koo of aald shell to be pocupied by 2ald Aacond bted, the arem

of the second sald srtended surfaces bogather with the arexs of the fanar
atrlase pf safd shell 1a epadd second sons being in tha range of 6 to 12
agquars fest por oubly foet of the net volume of said seepnd zone, the
second 3ald net volums being the portion of the total yolume of sald .
socond zooe oroocapled Y the sseoad nid m‘boru

7. The reastsr of claim 6 uharain the seoond sald ares per
subda Toot of the nat voluwe of enid uumd mna 1a grextar thmn the
firet sald eras por cubla feot of the nart-mlum of the first aald zonae,

B, The remotor of olaim & whurnin #2ld shall has a Alapetar
ir the range of 10 %o 23 fest, and ab leant savergl of the first sald

avi the secend sald membérs having extended surfacés ers heat sxchango
tubes, |

9. A fInddizing process which eosprises passing a gawlform
phrenn upamxdly threngh n wasz of pt:tiuulata gelids witkin a readtion
sone having m horizontal mua-uautinnalm el to that of » oylinder
at Teant 8 feot In dlaneter at & rete to wm s2id hmws as & denesy
phaze floidized bed, the bethom of sald b-mi bolng at leagt 30 feat above
the grotmd and seld reaptlon mons hmr.tug gmrully vertioal exiandsd
surfacas disiributed anbetantially t-hurathrnugh, the area of peld sxtemd-
a8l swfases In sonbact with =atd bed belng In the range of & o 12 aquare
faat yor ouble foet of said bed, and metntaining gald bed with a deplh
of at leant 8 feot and g depulty of gt lesst 75 pounds per cubic foobs
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13, An elonpated, elevatod r&ar..‘.f:or adapted to carry out a
process wherein a gasiform stream is pasaed upwardly through & dense
floidized bed of particulate sclide, comprising a cylindrical shell, a basc
for supporting faid bed peeitioned at loast 10 feet above the foundation of
sald reactor, means to introduce sald sollds onto gaid base, members ﬁavn
ing penerally vertical extended anrfaces disposed within gaid shell above
said base and distributed substantially thxuﬁghnui: the zoas of gaid shellio
be oseupied by said bed, sald vertical surfaces being spa_ced from adlacent
verteal surfaces to permit horixeatal flow :u£ solids, said nons bhelog ot
leart B feet {n depih, the arca of said extﬂnd_éd surfaces fogethar wil.h
the area of the inner surfacy of said shell i.-n.saisi zone being in the range’
of & to L2 sguare feet per cuble foot of the né.t.:::v.ulma of maid mous, said
net volwme being the portion of the toizl volume of aid zone unnccupia‘d.
by sald mernbers, menns fox intrndu.c:.iﬁg -s.ai;d."gaaifnrm siraam a8 &
plurality of separate sireams into the botiom of sald zoae, 'B;iﬂ ewtended
aurfaces tending to meintain said separate streams, meand {or withdrawing
paid gasiform strearn from sald reactor disposed above said zone and

moans to rermove sallds from said zone.
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