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/f NiLrr JiaDrctcr(nr)

d Batl diamclcr(ru,

pNp|nionaL to the $Yfac arca of
.onracr r h a secoDd pnase.crindlDg
h nore a ronllonr lrocess. and h
mbiccred 10 rhe lars orprobabiiil),rr
The dcscc ol gri,rdiDg tlniclus
dcpcnds un tlk probability ol ,reir
cnicrn]3 { ,on. bel}e.n rhc nrcdiLun
and dr. Ddlhi irv.fs.mc...!n.i..

-i: irki -jia.;'ane; .nLLv Lr. rhe.$.(
meihod h) rhich rbe f8cturc occus ir
nol knorvn. I)in s'ggestcd rha( lhere is
clos. sifrilari! l,elween rhe $indine
opffalions d d .h.mic!l raction. Il
borh cascs ! crnical .nrs, level mu$
bc exc.cJed belor. lhc *n ol r|c
pr.ccs a0d 

'n 
bolh uasestime G lltila

Mrhble IL) thc ,,J,c'arins condnions
ol d baLl toill cre shonn nr drc
follo*ing cmti, icll.quarions:

x,= 1 (d. D,T . RPitt. h" !, y,t, x r)
. ... ...... (l)

t h nnloda.r ro slud\ th.
!peralins condilions ofa balL mi!lrhr{
Bircs a higb srlace aEa of rhc etuuril
produuts and rvith lo* en€,s)
ronsuDplion nr coonnnndons'!r 

^h.it h neceruD, fi6r ro descri6e Lhe

moti,rn ol a cha8e 1ri$ rill sF.d
Casoadiirg bclins al low speed $h.rc
thc balls cr.nrurll! roll over eadr
othd by *hich abrsive sindir!
olsurr'".In rlE Cara.ling rgime fiie
grirding takcs pli.e an,l hence lN!1cr
uear and luar ol tbc 'nill '
(ataEdnr8 r.Elme occu6 at highu
sFed A1 this regnnc. lhe Lialls tue
projccled lolo spice ,\d thcrcrner
d.sciibe appm\rnratcl! l],ilbll jc parhs
h.lor. ag.in freeling lfu biUs nlss i'l,

tu Lhe C.tuactire rcelN a.oaDc
grinding lalies pla.u.lhat is du. ro rhe
ldpacL ol rhc narliclcs .nd hcnc. l.$
\ear anLl lear on nre .)lll 11 Tliere is
hardb anr brcatxec at \ery lo{ spdeLl
ind crilroul speed arncre the brlls
mnld b..eaiDsi lhc shelj $oughr
cr_cle ind so bc cdnicd .tunntl
c.ntirusll rirl, thr miil shclll .

inrrcisc. ' \pe!rL \url5!.

f, Rolio ol ronMe ofl{d
turlerial lo lolME oI aill

,Y, The.rerxge lanicle size u/n,
-tr, The sizc of Cnund pmduct ar

rheendolsrinding(lm)

llfrl Mill speed 1%ofh.x Dill

AO, nE "€ighc tiacrion rctaincd

on sieve 01si,c (i)

.9 l.he. spccific suhce de!

T

j lhe s.iid densny .r
alLblini oridr (=.: 02.1 !nrrcnr')

lhs +nEriuiry ol pdicl.s

_ n 1- pdrticle diometer .
n1ax. pdttict? tliahetet 

l

Aium,.. oxidc tr ext.nsnelr
Lsen as x crl lrst, nrppot and an
adsorbeDr. for evmtlc r slffons
fennm rah! lirnchons- but Drost
ifr]]onanl is nrinlcDarce ol hilh
.Lrii.c area ol r.rive comporcnrs'rr
ljlndin3 ir nsu.ll\ cm'i.d ont nr.rdft
Lo nutasc llre spccilic srlirc. ircr
h..a!s. m ihe n si op.turions
inro\,nr! solid Iiidclei. tfu hlc .!
,.iss lranslerlnd redc!ions or Jirdl!



n!{ rhi.. \drr.N. r!t

I|r bcil oler ion o!.urs \rhen ltr
bxlls bclr\ren llc hrcnr tunius !t r]f,
.lffgc md lhc radnr ol iic nrilt !.
lhn,urh drci. cn.ubr !nd pa,ltroli.
pd{l,s wirhoul nnntrrl rncrter.n& !.

O..c oa rhe mos dilli rh
qu.llun '.. nyrer n '|rin.rldi.er Ir hall nillLrlr.lri.a,, ,la J
b.ll size ro be lsed nr rhe ;ilt il
Vtious t.rn,ut.s h!r. herD ptunoseJ
lor lhc rcauncd .rlio olball size to o.e
!l2u 'r, nonc of lil.li rrc cndrlr
sslhlicloq. i\n eninirlcal ruLc uhlch
htrs li..n us.d tni nrdr yca( l\1.1

,,,,, , ()

\\'h.re ,( t0r !rO.71lo'rJnrsoii
ro ha,d !rarcri!1, n is rlp bdl dianur.r
jr li.mj and r, is the |arricle sirc in
l.nrr. Th. abovc.niN oa tul.srvetr.
-rood nasG r der.mrnrins rhe ball
size. hut lh.iort'ier dre cdrcct sizc
Jl.uld he d.LnnnreJ by fial and
cror lle .fect of Lrlts lnd DitL
di.d1!L.r nn rhc rale paranieter (rt*1
rqNed b evaluft a erlndnu prllers
Dahi.!larL], Jnr itr nrniat gnn!iD!ir.sa
or vrrious mlll l)pcs) in d.y and {ei
gnndbs oFe,atior hnre beon di$uss.d
b) rn.nv arrl$^ I t r. ' :i) Kotak.l al
' , nn,e{rlted rhe eLG( ot bril
J'lfrct'r tud lied ri,e on lhe r.rp
parnficrer aor BrjnJDg .l silild glis
lin.$ore ed !-Dmfr \hiLc Dcnj2 :(
(rJicd rhe eff.ds olbatldianicrer dLl
r'Jdd slz! on limeronc, rrss dd
.inriio $ batcl s&'ding condir]on
Dcniz devukiped an cnrpnidal eqnad,r
Io exprcss th. rate pdam.1$ .l erch
nralerinl.s a hDcrio..llaed siz. ind
aail .Lildrclcr. Th. oadnum loadnB i,
r brll niill is rlso discuscd by manr
rDrr\N 1r 

':ir lor dry .nd wcl grindnis
i. r l.bofltu cxleimcnts Deniz .nd
onurrri, fo! rl rhar 1he 0..1 is n sood
,orvdelball bdding mdo io lne in
rfli.ient br.akilc of punri.. i. I blll
,nill. \tril. ir han, ii e igxrnns. n

lus bccn lbuxd thxr rhis ralio a rounc
lioh 06 ro I I ljerlxtd.1 L I itcatr
wnh gerl d.liil dre rnovernem of rh.
c.[xrgc nr I bx]l nrill ! derivos i
rc.hiique b cxlculatc oprnnun\ brlt
lliJ .s a inndior ol rorationat
vclocnyln the Drercm in!.{iSaliur rh.

_,ellect 01gr_Srartls conditiols $ch !s
- nunihr ofn lls. bal dtDucr. 

'niltniant.cr. rill s0cud,lied Fx,rict. size.
vohn: or'ie.d to the rolrn. ot nritL
and sriirding riare or ihe i:qrase in
rp.ciric sufa.c xrea of rhc gronnd .t
Alur.lna Ox ide *m srudi.r!

-lhc 
sxpcrlDrenrs u€e prclonrtd

in a lnrr st.el rnilh of 7,1r, 86.6. 99
rnd I l2 5 Drn imeLnaL.liam.lcr. !:nrg
a lol scc! bllls oa r0.:0.:i0. and 37 t
nrnr Llix.rler. th. gri.dnrg nfcr
enDlolcd u?s Alu.lina oride (fron1
Alc.a nnenloral coD!!ny) ot
liacrions 2000. 1000,500. and IOl]

llnr l}ese lractioDs tuo thc nomiml
sizr ol 3 nauo{ range dislriburiod as
sh.\yn in tablc (l).The oDerxriig

-- \ond (nur! ot fi\e e\nrr n'rnJi !tutr'pr
br gdrJin! of .\ um'nr osnl. c (

lahuraled in rablc (:) Tnc Etu.d
produds li]r ea.h expcrlmen( rveE
honogenized and dividcd into 3 qunl
lxnlples by Ril1le. dirjdeL ro bave n
p:lper amord olAlurnnra ox e (i5-
:0) !m.-Ihc !nrl){is ol dre sanrdes
k..r rh. RilUer di! er *c.e cari.d
oul Lsir.s nornal trnd nicr! sielc
(sievins r!.ln..) &d rhc naterhl
r.mnr f n elcJr si.ves \e'c $,.iehred

'Ihr specili. surtucc area ol
Alunrnra OriJ. beaoE x.d .tLer
srn s pr.ces are cxt.uuLed r'or
cnch expcrimeDs usi.g equalion (t)as
rcprcsentcd b) ]\lre. (198t) L:

^ 600 a 1?,



\hctu fie spheri.ili.5 .l'elch licd

(/u = 0.715 /1,,. -0691,
t/.,, =06J6, u l, =0 t88)

Iror culcrlrte 0r lncrc.s. nr
sufacc dBn is colcull.l.d.

nr speci6. sufac. eea ir.reascs \i1!r
in.'casnre ,e,ario.alolrm ol leed
b !.luinc ol.rillio a maxnnu v,lLE
nnn drcn dccrense \rhcn fic nn.
becoDes cr.dlcr than :10 ,!o lhis ,na),
hc due !, dre tu1Lhar rhc in$.are lre
\olLL.re of aced cruses ircrasc tho

lrn$ab_ilty o-t ir,p:rr Lr.lls-ma1,Jrial
ih.refoE tle crindins cincie.u,
incrcased buL al sa'ne Lnxc $hen
lncrede the ji.d voluhe, $e ahrasio.
b.Nee 15e ornleri.t and miu snrflce
iiu.as.s roo !nd lhG lcads r, iDcrerse
t]t iioe paricles \ni!h cov.* Lhe
lxrs.r llrticlcs nr lle balk nlrs and
hen.e rcducc nr cnmccs oi lisler
bf c*aCe (Cuslionine.llec0l:)r while
re in Ease drc Dill diucrr lead lo
i..erse the cha.ce of scaa,rlion

be(\ccn thc 6m .nd coad liaflicles(i. reduc. llie Cudrio.nlg er.cl)
therelore rhe gnndnrg incrNes \hen
incr.ase tlc m]ildlamercr h sh.\u in

AS= 5, .(l)
3'R€rulk and Dis.u$i0n:

s-

'rh. n,c.cas. in sp..il'lc $trlice
dcs.lalunrirra 01 c(1000 /mt R.re
plort.d lersus lh. oumh0 olballs 1.r
n\odifeilnl mill diamerer!s s]ro\ n il
Ii,! (l). II can be shoer nr.r (he

inrcase in $c.itic surlace ar.a
ilcieses \i$ inrcasnE drc nu hcr
.l balh (i.e i'rcrcase rhe cflicisnct 01

lrn ing) ro a orarnndtu rJu( ad
lren Jdrelses wher nrc number of
balls b.coincs rr.a(er lhtu t biu.llis
couid be dxc tu nrl the nrcr.asc rhe
ildber ol ball\ !x!\.s nrcrede ln.
mpacl lorcc ol6ilh on the mal.rial
orer re sudacc ol de nrin, rvlile
auflh.r incrnsc in lhe nrmhu olbrlls
mancs nrcrelsi.C the probabiliq o
impacl lhe balh be rcen lhe', (rvhiclr
riuses rlE losses n, thc kinclic energr
or 6alls) erealor rhln ball- n.relial.
This probibilar is dccrclsed \th.n rhe
nrillCnrmcic, h incLe$ed Becinsc r|.
Lcc nr.vemeni of ihe hrl r n
ix.r.3s.! iheielbE the cficicic) .r
lri.diig is i,rcirased shc. nrcrus ng
drcmill dixher.r !s shosn in I.lC.1ll

ris 12) sho$ the iicrcas. in
srerlfic surrice are. ol Al,'n ni Oa c
1i000 td) resus rhc rdio ol feed

rolu"rc r. $e nril lolume (r;) f.r
nvr dilleE mil dianrclcs Ir nxnvs
the b.hryioL ol lri ing is similar 10

thrt .b\.rved lr v.n \erbi dr
(1e72)')i) for !Li;3in! ol cc'ncnr
.li.ker !x!epr tur th. nDg. ol iiill
clrarse ris(2) sh.Ns thar 1[! iNredsc

Ihe nrc, casc in sp.cifLc dnce
a'u lerrus tuill dianreler for rarious
bal diametei lnr lhe lcod plrticl. sizc
o1 2000. 1000. t00. and 100 / *.'.
plor.J in Figs (r-61 r.sperlivelr'. Figs
(l and 1) nro{ nd dre :0 mm ball
di.nrcllr gnes a gealer increasc in
spc.ilic n rce ar.!ll,u fieodr(blll
dia.ret.rs ihal used for sinding 01'

2001) or 10004m lccd size. (nilc i.
ligs 15-6), l0 n n ball diam.tci gilcs
r h eher etIci.trcv ol grindnr! than nr.
.lho bal diMereG that usea lnr
lrindine ol t00 or 100 tr 'n 

Led size

Thn .r) be due ro rlr. l!!r thaL d]e
hi.c$ tdicle\ ncc! laqer ball! !)
g Lnd lhenr, $hile rbc rtoaller
nonj.l.s need nnallfbalh so the balls
nu h,ve t0 nn dia .re'. 1nr
.\M1pLr. b'.tr], Llre f licles ro ! aner
ll ln size rhereaort. ils .lTecl dccrcse
sin.e ns !ir. becones lrger nr
c.mp&iso. Rilh prrlicle size oI lar.r



Thc .ficicncv olertrdnr! deFends o.
Lh. !url..e fiu ot tsr n r ! nil , r
,hd\ bJlr nrl' lll bL a! snJt 1\
Possible. &rd bills tactiikr. rhe
Fioduclid. ofnne Daruiat br do for
dcal so eE ctir.lr $,irh 1ho tffq.r
parichs nr $e lied.Au, n can be se.tr
fbr fies (3-6) rhe in.relse h \Dmtiic
sdncc ji* nrcrelscs "ho ,**^.,
rhe nill dianuo umil tu mildi reter beconN 09 and 90 nrn thc
nrrcase ii sp.cific su,Jjrce ae! e
s ig[li] Jecreases or c.nner lnr nr
feed paniclB size oI(2000, tOO0 /n,
ild i500.)00llm) as nrNn h Figs
(r-.1) ard Fi$ (s 6) Esocfli'eh ri,r I
ball diaDerers use,l. this nlv"h.,r,-
ro thar *dor tiadis rhc rnnl;iafdo
d. balls movc inorc ti.eh ,,yt ,h;
lilli,rs rreilhr !r XE balis is also
nrreosed rer.lore the i,npacr ri\cc
,.d cohfression e]Iefi rre in.Eased.
TlNr.lore rhe largdr !a crcs.,e
5r,kcn 10 a slare snen dE lhrisioi
.lt!c! conres inro pttrr, bur tu incN!:c
0r riLl dhn.!.r &ove a..nain varue
li. .lticieic) of Enrdins slishr
ilccr.isc oi co slanr thh nr\ ri.
riLrihulql r. rhe sdlt etlcr.

'lh€ nr.rcases in sp.ctri!
edacc drer rqe rloxed lersus a,c
!e(em or , xirum nnlt speed (irr
Yrr ors G.d Fnicle sizc !s sho$n nr
liir (7) an! thc incr.ses iI spec|i.
su nc. arca $ere plord rehus
rrrnldng tiD.Ior !a ous leed pdtricle
siz. rs shown jn Fis (8) tils (7,8)
sho$ rhar rhc iicrerscs i,r sp.ciijc
surlLcc aEa increas. proponion.lll
with insreNn{ lhc nitl speod ani
ennJnrg iinc Ior all lecd si,e. Th\
nrir b. arLrib{lcd o Idcr 1ir3r 3r tr8
spc.d. CNcading kkc Ftace. \yh.r. rhe
suriite oline charse bcnrg inctnrcd r1
iFptuxnnatlJ 30! t. hori?jmxt iI {hc(Lr.drtrpRg'nc b,l. r . dr,J'nr.
t 'fire of L c \htrgL xe sub L.re\l ro

nntrnal inrelleruce lhe etr$g, tosses
rcsrlli.s liom bdll bill coDrad ($hich

nrr.tucs \rlen nrrqs.1h. n nrbcr rl
h!ls) mv hu i.[!eNcrh€ bjqt:$.r
])rrlirl.\ by tudn.jns nr protrtrili\ of
b,lllrge ir a sr.$ apFticalion sv.nr
in\olvi'rg a ri!iger pani.l0 rlarile 10
.onespondbg pnrbabillry fl blcauj:e
rn. a {txker pani.le, rhis leads r. itre
{d:ler p4iclcs xre bhken mor..- ranidlj-ledi.:j b.hind on incre6i..
ph]].{ion olnilnser pmricics. On th:
lrhprhJ d h..ubjrir JtI,LnFU rlr .r
rhc hJll orr:ly nLJ l.e soJt t

orercome ,re nr.rleins iflu.n( ol
liie riz. (cushio.ios e$ccr) nr jress
rfDLl.alion elenl inrotriDs lee,l
nani.ler Ar hish.r spc.d, car.hcljn!
E!irne ocotrs. hr lhis crsc. the Ljn.rt.:
c.ory] ol nre brljs !n.kas.s (jr
incn.sc rlre imna.l lorcc) on itr. nrh.r
hand. tlle lamboiic palh $illbc si!(n l
.nanco b some oI nre lopaurior
hr{ecn \e noc |in c c\JrJ hc aler
lunnlL! $hiL' a rr r.n'ir ut Jre
acccl$a(nrn ol sraln] Thcretore ihe
rt.rrerlns inrluencc .a fin. size G
rd!.ei i...j rh! sr dins il.re$. al
nrn saee. llis occu6 also (nen
inur.rsirg Ih. hill iamerer .s nro*n

l.ie (7) ;lro*s rhdl lbore 8oe.i
or n,ax u,n rnill sn.ed lnr $e ti.d
narli(lcs sire ol100{r nnd 1000 /D!
rnd lLoYc !0% ol Ndimlm nill
st.e{l Ior E lced Foli.te siTr ofsrro
and 100 / m. 1rr sindns efljci.nc)
dc.rcrses or cdn{aDr Aiso ns(S)
shoPs rur .bo!d 40 min for rhe r!.d
pxnicle sik .f 2000 .rd loo0 4i1
id abovc i0 mln ft{ tlr.1.ed D.nicte
si4 .l 500 and 100 /rm, (hc

clfi.urc1 ot !iiirdl.s n..rase5 .lqn.,I Thn!!rdb(c\fJ !j hJ
rr. ptu{n(eur nre panrcl.\ (ir.err5
rih 'nr!r, 's rl. nrtL \l.<,1.
!r nd,n! r nE .r d recJ n ri!t. \ 

^r\lich rroundi rlr. lar-se pr|ljclcs.nl
ris i,.Eases dr ch.i.. ot rnrc.

distrihlf.i nv.r i laEc onmbcr !f

5



nnlc distibulion o\cr r la,g. numhe'
ol c.nlad ponns ind hence less impacl
nnensn! on the Ur-se l).niclcs.
lluelore jI nrdustrial application. lhe
tlnr. panicles nrodd bc sieved olt
drrlng thc lroces oa gindineAlio
rirjs (i-3) show lhe ldfteasi.g in
sti.ilic s,rtuce arc. lor larger paiticlc\
i! E!.ds rh r du of smalroFlicr;;-_
due 10 rhe Lct thai rhe sMllerpdri.jes
arc oI grealer badnes 1|ar th. lxrecr

rn: & 
'(r, 

!!4.\rL r*\! L rs,

I Siurtl ch Rrdd) BP Rao
BR and Rr.I K, Pr?|urairr ol
(ilallri.all) 

^clile 
y-Alro. fro,n

n Rasic Alrniirun Suc.l.ar
Prc.ifilxtd lion Homogciuous
S.lurion.,\rpllcd C.ialysls.
2+1q+;I25-ri.
2 Allen T.O. Panicle Si/e
Nleasuremenl ,3" ediriiJn LoDd.n
(r98r).

Proc.snrg f.chnoloel.r'd
editior , l'crolamon Prcss. \c\r

.1 Couhon JM, &d Richsdson
JI. Chernical l.:npinee rs.
vd.2,l'r edn[n. PerC!toor ?Ie$.

j- Ilein A and Pictrz,v Kowslii
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