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PLUIDISATION AND ITS APPLIC,TION TQ THE ROLSTING

‘ by A. Debelsleux (Sﬁperphoaph&fe Roaier S.h.)

Fluldisntion 18 a recent technicel achloverent which, howover, the
writer thinks, will not be ontirely naw to membora, This mettor hes
boen the subjcet of numsrous publications, egpocielly in English.
But the llteraturo on the subject bHocomes nerc extenelve cvery dny,
and recently a French study cppearcd (1). The writor apologlses
for repecting whnt lo probably known to many LomUord.

Tluidisotion — in tho absence of a hoetler expruselon — moy veé
defined ao o technical procoss conslsting of the arontion of & donsc
moge of fincly divided solids malntainod in eusponsion by o ourrcnt of
sacanding gas. Such o mesa of scllds constitutes what 1e colled e
"hed", Thoge fluldiscd bede possess pecullar physical preopertlos.

For & long time past suspensions in goa of reletlvely snall
guentltles of molida hnve boen ussd for technicnl purpossa. Fer
exnmple, for purcly phyalocl purposos, the meperatlon and clagsiflcaticon
of ground products, and for chonieal purposes, tho combustlicn of

lverised conl and flogh-ronsting. Thoss solld-gas nilxturcs rotedn,

owsver, propertics which make than vory ouch alkin to grpos ond,
eﬂpeoiaily, ha welght of sellds in suspension is of tho ordor of a
fracticn of kg ver cublc motre. On the contrary, in thoe fluldised
nagssaes, the denslty of the mixture i1s rnmch highor end con oxcead 8
ton per oubleo potre. The differonce is obviocua.

A fluldlsed noes scgulras propsrtiecs which $o e certein dagree are
analogous to a llquid., Its appoearance resenbles on the whole &
boiling 1liquild whioh bubhlos owlng to thoe stoeem engondercd. Such a
nesg posseases o soparntlon surface at a definlte lgvel whioh,
although irregular, farns nevertheless a fairly cloarly defined
donoreation with the gnmocus phese abovo., The fluldisad bades ohay
hydrostatic lews, end thelr overflow can therefors be controlled,
provided on appropriate technlque is appliod. Aneng othor thinga 1t
1a posplble to opply to themoe nicases thoe notion of pressurd end
gpocific heat. Tron the purely selentiflc point of view, tha
properties ond dynanics of fluldiscd bods aroc the subjeote of nuncrcus
thaoroticnl studies in the last few yeors, nainly in the Unitad 3tatos.
L Congross of the Ancerlcan Chenical Soolety wos ontiraly devotod
to this question (2).

[I) Une technigue nouvelle:; Li FLUIDISATION - Hlatorigue, Theorio &v

- Ap-licntions - por GLGENIN — L'INDUSTRIE CHIMIQUL gt lo .
' PHOSPHATE REUNIS - 3183nc annde .— Noes 407 ot 408 Juin ot
Juillet 19%1, .

(2) INDUSTRIAL & ENGINEZRING CHEMISTRY - Volunme 41 - Juno 13949,
Pages 1098 and following.
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W2t ds the ordgin of this now teehniquo 7 It evelval during
the laat world war in the oil lndustry =0 o conpaguenoce of the
aiplications of f£luid catalysde. Cortaln rescticons anony sused, as
18 woll known, ore nade possilble or groatly nccolcratod by tho wusw
of solid catalysors. ITustcad of allowlns the catclytle magaco to
reat on tho ghalves the iden wog concolved to ubilioo firely
dividod outrlyscrs in order to dncr.ose vory congiddectlly bhair
apoolfle surfoca, Thus in 1940 tho Tirst Legie patonte wers tolon
Ut by tho STANDARD OIL DEVELOFMIENT COMPANY. Tho congidoralle
rusouraus at tho dieposnl of tho olil dindustry guiclily pornitted o
rapid cxpansicn of tho appliecstion of £ludid entolyela.

Flulddsatlon appesrs thirefore to Le o neong coneldcrably to
incronae tho contoct betwoen pouovs and zclids. Lopliod to the
cotelytic procema, fluldientlcn wovs not allow tho scliu e intervena
dircetly dn the ranetion, and onc of its advonbagos Lw to allow o
centdnuous flow of tho cotalyocr tovwords o gaperote ap . Arktug for
1La rogensraticon, which 1o often nocossnry in renoticns botwoon
hydrocorbens whon wndesirohle godincnta nodify the occeting surfoco,

Qulte noturally, the idos wihich followed wos teo epoly the techi-
1gque dovelopod 1n conueotion with oatalytie opuratione to 1 enctiono
18 botwuun Shees end gollds whore the lotter play the role of rung- .
enta, Thus o wide fiold woe oponcd up An regnrd to {fluldigatlion
which entcrod into tho flold of dlnorganic chandetry. The well-
known Anerican DORR COMPANY nade o contrect wilth tho 8TANDLRD OIL
DEVELOPMENT COMPANY which cllowad than to ap-ly tho tochnique
devalepcd Ly the formor in fresh flolde. Through thcir own research
work, tha Dorr Coupeny ropldly dovelonod ouch tuchniques rad finelly
ware obla to epply then induslrinlly.

Afbor thls short ontline, considorntions of n nere practloal
nrture should bo discussod. How aam o Fluidleed bed to be rosliged 7
In prineipla, in the mest girple nannor: all thet 1o necded 1z o
Tocoptnole, thoe bottorr of which is perforntsd Ly nuncrous holes to
2dodt the gnw, which for roosbing iz ~ir, above which o cocrtoin
thickness of a sufiiciocnily divided 5011& nnticr la dnteciucoed,
Unier the depnet of the flow of the neoending csoo tho anos ig fluld-
imed, ~ml becomes alsolutely honogenoun ~e £ox g cooporition and
Tenporature ie conosrnod; 11 cequires projortico which nrs alicat
those of o 1llguid, ns nentilenued chovo. Ono can cosunc that oach gollid
particla iw coeted by a gonooocus filn wiailch is constnntly renowoed,

This explonntlon ig ndnittedly souevhnt ainplo, nnd 1t 1s gquite on
Art to construct noorforntsd Lottoil which nllowe the sclld nothor
Go bo sulported before tho gas ia wlown throush to nllow fluldiectlon
to toke ploce,

The fluldiged onogod nny Lo the obijoet of hoat oxchongus of &
vorylng neturc.  The oxchongua ¢on be ooririoed out within tho nogzes
by veging hot geoos for tho supply of hoat or by allowings thor. by an
Invorse procoss vo dntroduce into the gogcs posoging through tho nnes
celordeas which are retained - in o pongiltive or latont forr, u.’.
ne o rosult of coumbusticn. On the othor hond, it is posoillo for
axnnplo to allow the fluddicod mvames to fLow into axchangor tuhas,
in odar to tranerdt or to rucclve hool through tho walls of
the Intior.

Tha renctions toldng place in the hueds oro clther endotheorndce
or oxotnsrnlc. Im tho firat cnac, tho remetora, thio 10 tho usucl
nome for thae reocoptnolos or furnacues dn which tho resctl-ne toka
ploco conplat of covirnl Deds gituctod ot differont levela.  Tho
solids of the upior bod ovarflow Ly grovity to tho lowor bela ~nd
et o countur—currant of hot gmace, thereby obtoining o rotional
tronsfer of hent, A lower cormertmont can be usced with odvomtbogs
to ro-heat the combusticn alr, nnd for cooling the coleined nateriel,
Those nodl operandl are only nentionced in pessing, aw whoe romating
of sulphur~basring rdnorale whieh ixharcat hhils nccﬁing ia an
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egaontinlly oxothernic oporution. Generslly spoeking, 1T requimag
only & very alngplo reaostor with o single bed.

Thuo the prineiple of tho FLUC-ECLIN apparatus - trado ;ark of
tha DORR COMDANY for 16p procoss - can be traced, a rrinolple whioh
1s of spocinl Intorest to the Superrhogplhate lnduawvry:

- The furntco, or reactor, conslsots szingly of o chumlor dn shout-
iron linud ed-the dmaide vith rofractory ootoricl ocnd egqul;ped with
o opcelnl perforatod hotbow dusbined to caryy tho Lod, DBolow tha
botton 1e o box rocesiving the vlr doliversd Ly o conprcsgor, AboVe
tha terforetad Leotton 1o tho flulddsed bed, tho helght of whioh
ronaine congtant; o foeding syaten brings {the mdnceral, pyrites Sox
oxanplo, to tho furnaco wherc 1t £nlle into tho bod, nd thu ronated
naterlal 1s cvacuatcd lilke a lignid by an cvorflow cltustcod ot
o glven holght abovae the bLetlom. Th: free spaco chevo tho Lod olleows
of o cortrdn coouas of decantatlon of thoe finust porstlon of whe
rinoral which 48 onrricd away. Tho oorgrasaocr has blewn adr through
the bottern anl through tho Lod nmil the gabos which vooape ond which
contaln 302 leove nocr the top ol the chanhbar. The goooo doposlt
1o grentest porticn of thelr dust in one or acveral hot coyclones
cn. Finclly pase throuch a waote boller Lofere entering thoe electro-
ctotic prooifitater or the woshing tower whiel nornelly forne pordt
.:f oLoBu phur]{c neld plont,

The operetion of the furnnce 1s ¥herorors corgplotely conwlnuous:
tho pyrites Introduead pcnotratu into the Clullised bed and ore
1rmedictely recstod. Ixehonzes noe vigorous, nnd the rcacticn ttkon
place cluoot instontonecnaly. 2he honogonoeity of the nceses 1o such
thal no gegrogtion io obearvol ond thot the nattver loaving tho over-
flow s porfuatly ronot.d.

Whot ore thoe advantasos of the FLUO-30LINS proccan 70 “What ore
ite licitations 7 Thot aro its drowbacks 7 How (deos thiy procods
fore ns corpared with the other lnown nothods of recatlng in riuohe
anlonl fuznoces ov flosh-loasting 7 Thesu nre a nuwsber of qucoticne
which wlll be enavercd Sriofly.

The princry odventose is cortoinly the sinpldieity of tho proccan
and of thu aprarntus. The lattor 1s complotoly sftatle end hog 1o
ooving port, wlth tho oxcoptlon of tho oxterior apporatan ooty e
tha nlr conpresgor and the Fcoding nochendsn, the congtractlon of
jhich doos net prcacnt any problon. Fer thils reagon, the conotruct-
ion of tho roncticn chaber ond 1te ifmnmodicte accwssorlos can te
rinde entirely fron rofroctory naloricl. Erporionce hoe agliown that the
1ining is subject to nogliedblo woar ond taar, and thet 1te 11fe 18
eroeptlonally long.

Tho ebaonce of zoving parts permlis of o consvructlon vhich i
10C% air—tight, ond the sulplurous goseg ~re proctleslly not in
diroct centact with tho notel perts,  The slr-tightnose allows of
£ rigid control of the corwoniticn off tho rocating goses. Thorv ig
ne other air for rossting than thot whiclh ia vlown in and 1ls
delivery is couplutely controlled. Conmognuntly 1€ 1io possitly To
ovtndn o gop with 14 or 159 502, 1Ff desirad, with o vory Tow O ond
303 contvont which consilernily rueiuces correalon. Ad the yurlrying
arporatus forme port of the sulphurie neld plont cnd i of dinwnglons
vroportionate to the volune of tho teoverslng goesy, 1t ip poosgdhlo to
uoe snnllor cnd loss cestly purdilorn. U(ho olr ncccooory for tho
oxidation of 302 can te introduced dnto tha olreult otter purdficotion
cnd ehoad of the chapbers or tho catolyscr, ~ps the chiwpo noy Lo.

Tho possibllity of rigidly controlling tho mineral supply ont tho
volune of cir blown 1dn, na woll e the consitoney ol the G craturo
in thoe fluldised noss are focters which render the wss o o FLUO-
S0LIDS reactor vory coay, oand allows nmaldng tho ingtellation autonwtlc
with tho z2id of ndoquota nonpuring apporatus cquiprod with suitalle
controle,
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A depired or accldentel interrupticn has no Clasdvatageous
congequencos. The quantity of lot matenicl in tho Furmeco is suffic—
lently largo to ellow an iin.odkie restart when olr 1o sdnitied agoin.
Dorle Industriel ingtalleticna ebrond usoed for tho roestlng of aurl-
Teroua prritos arc vrgulorly stopred overy weel—ond and sterted uyp
egtin on Monay without difiiculty,

Tho iinoral gup.ly con Lo assurcd with vorious 1cotheds of intre-
ducing the cinoral into the furnace Ly o ecrow feader, Ly bLlowing in
wilth the ald of coupresssd airv, by o vivrating hopper ate, In sone
instoncss the thorniic balanco ie sutilclently fovcurable to allow
the punping of ninsral oludes into tho runctien chanber whiloh io en
advantnge in certealn casce, for gxcnple, where the nineral is ooncen-
treted near the roasting installation.

The FLUC-SOLIDI preoeas roquircs certein conditions in roosard to
the physioal end chemieal coupoaition of the rinerel. In the crsea
of pyritog mornelly the granulos should be less then 3 no. elthough
in cortain special cogaz thia croces cen bo puccegefully applioed
Cto nminsrals peseing througk a ED LiZ. BCraeen,., It poss without saying

thet flotaticn concentratcs arc guitoble for roaatlng LUy fludldlsation.

But ng it will be acon, rock-liko minercle noed crnly o relotively

elight grinding. q

As nenticned above, hwiidity, eapocially dn the case of pyrites
with a 459 8 contcnt, ia in no woy on olsetmelo to roastinz. DBut thiaz
quugtlion noy osuse an incidenco in the cporationa of aold monufootura
whilch follow.

The choemlcrl conposition of the nincrals to Le rossted 1s of ten
ioportant, since ceortzin elenents nay lead to thu fornatlon of fluxed

conpounds whioh noy enteil the agglonoration wnd defluidisation of tha

roteting bed, which 1s ¢f ccurse o sorlous rotior, which howevor iag
lous Yo Lo fonrad wilth the pyrltcs lmown to us thon with tlonde or

with chelcopyrites or other Qoppor pyrltaes. Roocetdlng ds usunlly inowre
delicato when the coleincd natorlial forme the Losle naterlal of o

subaoguent netocllurgleal treatnont which nay inpeso additionsl rogudiro-

nonta. But hundrede of tha nost conplux ninurcls hove boon trentod
by fluldisctlon end in ocach case 1t hoa been pogplble. o conduct tho
reoeting in such o nonner a2s to glve ontire smtisfmetion from thig

reint of viaw, .

When receting pyrites in our industry, generclly spesking, the

conposition of the cilnders notbters less and the oflforts are concentro-

tad on dosulphuration. The latter ia exccllent, anl o total residuel
sulphur content of luss then 0.5% io cesily obtained. As elroady
nentloncd, the reoasting of sulphur-beardng winsrals 1s an oxotheirie
opsration, which with ocertoin ridneraly which are rick in gulphur
congtitutes o dlsadvantogc. A3 & netter of foey thers is an upper
linlt of Janporaturo which cun .o attainod in tho fluldised bod, and
thiso 1dnils ronges Letween 800 snd 900¢C, acoording to the conpooiltlon
of the minernl, In cEcacding thio termporoture lindlt, agglencrating

fluxss ors prosuccd whioh destroy fluildisetion. If the thormile balanoa

ls oxcemsive, toking into account tho conaldoravle hont oarcled awsy
oy the gases end the loss by radiation, convexion ote., coeling Ly an
Appropriots means must be resorted to., Tho nept ginple neeneg slving
cxoallent results coneists guite ainply of dnjecting woter into tho
rexction chamber. This weter is vhporised ond mointsdns tho coesipod
tongarcture, It is quite sinple teo rendsr this crrongccsent nutonctio
vy oontrolling the flow of water with the oid of a pyrenatar equlppad
with suiteblc gwitchos, The Progenas of wotor in tho roosting gos

la not o disedventzze Af the noid i rroeduced by tho contoctd procosw,
A3 o natter of faect, the wotor thus introduced recondonpca in tho
whehing-towor. On Lho cther hend, 1f the cheopber system 1s enployed,
other nogsuras of cooling will hovo to be cdoztad, Put 1t should bo
uentionel dore thot tho case wlth which tha fluldlaed netorlals are
from whish noy serve to oupply o westo-hent hoiler sisdd
uged with the fl-sh-ronsting LIOCCHEB.

nenipulated allowas of valny appromriats hoot axchanpurai the hot wotor
e

T to thot

h=
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The provlera of burming sulphur contliined 1n aulphurmbear%ug
rateriala, with a gulphur conbent ranging Letwean 12% and 50% hove
vuen dafinitely molved, '

The principal drewbaclk, ond actunlly the only cne, of the FLUCw
S5CLILS procesgs is tho neccewlty of ceonsundng onsrgy for the Llowing
of the alr through the Lotton of the apporatus and the bed, tho
hydregtatic proassurs of which rust Lo overcone. According to the
nethods of application, the hedght of the Ded reguletad by the
Losition of the over-flow, varies botwoen 300 ond 1500 mm., and it is
alvisanle to hova ot one's (laposal o conpressor, tho nanonotrio
preasuwrs of which can ntuoln 2 netres of wator, The tovol eXpensod
for wnergy of this procaea, caleulnted for the rsaotlon chenboer ond
1ta nccegsories, da 15 to 20 XWH per ton of pyritea. But ns in the
onse of flash-ronsting, the high teuperotura of the gases (wboub COCCC)
porndt of an Intorcoting and conbidérable hopt racovery, and a stean
proluction of 700 kge te 1000 kgs por ton of pyrites which rmuet bLe
put on ths credit slde of the balence sheet of power consunptlon,

A uincr drawback, of vardeble iuportence sccording to the ain onvig~
agad, ls the carrying awey of the fino dust by the agconding gas curr—
ant, and the neosealidy to nalko arrangenenta for ite cellec on,., However
my ofton thilg dust is coupletuly rcoasted and can Le oonglderva a

isfactory product. Thie 1s ocwrtainly the oase when roasting the
ugual 1ron pyritea.

To aun up:e

Advonfhasugs

- Singliety of conwtruction;

- Dagse of convwrol;

-~ Abgolutye contrel of reoagting

= FPooalblldty of rendoring cpaernvions autonotle;

- Incracasd desulphurdaontion;

~ TPogalbility of troating wot ninorals or evon sludges,; oxoert
wilth the lead chanber procuas,

Drawoaclks.,

- Power concunmption, but pospldbility of heel recuporatlon;
Frobvlan sonstines set Ly the corrying awey of duet; .
Noecesalty of o alight grinding, in the caga of coorso ninoralg.

Fluidienticn i3 very favourahlo as ceuparsd wilth the usurl roogting
Trocosees, owing to its airplicity. It 1g choracturdged Ly low init-
izl ceetg, by reducad working ceoste and ne;ligible neintonanco costy,

Le corp~rad with roceting in cuaponsicn, it allows ¢f the conslbruotlon
el very lires units - o Conndlen install-atlon will produce 150 tene of
nenchydrete oeld with n pinsle roaction chonlber without necagpitating
the fine srinding ond careful drying whiok wenld cotherwleo Le NACCaORTY.

The PLU0-30LILS prcccme 1n el the baglnning of its dndustricl davele
opmont. Applied to the roasting of nwetellic sulphldes, it hus alroady
hrd cengidorabla suocess in apucinl jetollurpicel linea, and aveve all
in tho very JQelleote romating of auwrdferovs pyrives with a viow fo
rendoring thoz sultnble for eyanurotion. It 1e olng dntrelucud inte
tha zine ond c¢ppor indugtry.

Tho prodgent loeck of sulphur hns rendercd 1t neoegpary to hova
rucourso tc all poseills acurces of sulphur. Mooy ussers aro toking o
roneting pyrites, anl for this ronson are studylns ond dnpinlling tha
FLUO-30LIDS proccss in the Unitced States, Conoda, Gt.Britain cnd
Sonth Africa.

In 331 3iun the proosas hew awaliened interest end on instollotlen

Lptudlod Jjointly by tho Scoddtd Delge DOAR-OLIVEX end the SO0IETE
GELERALTDES [MIWEGLTS 1e in courss of conotruction In o du, orpicslAnto
workks. 1% 18 “n 0o caoped that 1t will fulfll sxpectatlcono.

LR L T NI



