
‘I’lic clutim of >*ttriurn awl crbiunl r~ricl tlie sqmxtiori of yttrium-crbiuni 
riiistures 011 (1 SUll~ll(.llliltC!Cl cation c.wlianger cunilxising 4-5 ‘);, clivinyllxiizenc 
\vitll 0.02.j IV dit!tll~lcllctrii~1llillC!~XmtililWti~ acid (IYI’I’A) &lution w3s investigatecl 
at rwiii tcnilmxturc. ‘l’llc retaining ion fvils I-I+ i~nd tllc I>Hs of tllc cluting solutions 
\vcrc: Iwtmwen 6.0 ancl 8.5. ‘I’Ilc coniIx~sitioii of tlic Inntlianidc Ixmcls under 
ctluiliiwiuni coiitlitioris wa_s clctcrniiriccl, tlic rciwtiollS involvccl were c:onsiclcrccl, 
illld tllC! IiciglIt ecluivalcrit tu il tlIcorC!tiCxl l>liltC! IViM clctcrniinccl i1S il function Of the 

grain size. ITor tllc pI-I range studiccl, the IciLl<ilgc of NH,,+ -I- H+ into tllc I~~ntIli~nick 
1JallCl tVilS Cll3f)ut _CO “;I. ‘I’llc mole fraction of erl~iuni illlC1 yttrium iii tlic resin hand 
Clt!UCilWtl witli tlW_WXSillg pl-I of tllc clU:~Ilt. ‘I’llC coll~Cmtri~tioll Of \*:‘+ illld Era+ 

iii tlIc cfllucnt illCWi~SCCl from 3X .5 iLllC1 ;y).li nicquiv./I iLt I’EI 0. IO to 51.0 il.llCl 49.8 
nicrltii\*,/l at III-1 S. I-j, rcspcctivcly. ‘I’IIC IwigIlts f.X~uiVi~l~llt tc’) iL tllcorcticiL1 lJl:ltc, 

in SClXlriltiWlS \vitlI resin IwrticlcS of ZO-50 iUlCl 52- 100 nlcsll wit11 iLlI otllcr cwiditicms 
r’clmiliilig c*olistmit, uwc x ,c-)fj ciii and o.!yj cni, i*cspcc:tivcl~*, 

I S’l’l<C )I,1iC:‘I’I(.)s 

ISOli~tiOll Of ~‘ttriuiii or (.)f illl>’ illcli~~iclUiil li~lltllillliClC (X11 1x2 pcrformccl hj* 
iOIl-CSCllitllgC? nictllocls using \*arious coniplcsing agciits. Chving to ~~~~IllI~l~~i~tiOll, 
tllC scparntioli factors (a;;:) IXAWCCll ilCljilCYC!llt Ii~lltlliLlliCll?S ilIT incrcmccl: 

~vlicrc ec~l~ is tllc WIXlri~tiWl filCtOr \VllCll using ;\. lWlllI~lC!Si~llt, Cc ’ t$ is ttlc SCIXlra.tiC~ll 
filCtCW witllcmt 3 CC)lllIllcSilllt (IlIZlI’l~ unity), ClllCl KhfCII is tllc StiLl>ilitt COIlSti~llt 

of XICII, 
Sclxmtions for illli\l>*tiCZLl purposes (i.c. small cluniitities) arc Usually carricd 

c.mt by tlic elution clc~velolmicnt teclliiiquc, while scpnrntions of IiLrjicr arnouiits ilIT, 

i~clliC!VfXl lq* tlic clisI~lnccment clcvclopliiclit tccliliiquc. 



In industrid cstractiws, lwforc starting tile ion-csc:lwngc process, tlw tnjsturc 
of tllc! iantlmnicic osicics oi~tninccl frOll1 tile rn\v llliltcriill is usually Sc]l;lriltC!Cl into 
groups hscc] on cii!‘fcrcnccs in tlw solul~ilitics of tllcir clou]~ie sulplw.tcs~~~. ‘I’ilc 
soiul~ic frnction contcxins Y and tiic IIWVJ~ lanti~;miclcs: in gcncral, tile j*ttrium 
cotltcnt iii tllis fraction is &piLtW tllilll JO “1, gid~Jiiliiutn, ciys~~r~osiurtl ;inci cri)iuril 
:ibout 10 I,‘;, cwll, \vith Sm:LllC!l’ ~1liiOUlltS Of Ot1ler t1WlWtS Of t1lis grCJU]> (‘j’l>, I-IO, 

‘1’111, Yl> and J.u)?. 
‘171~ first scparntioiis of inntl~aiiicics I>\* tiispincctncllt clc\.clol”“cllt, rising 

nriin~miuiii citrate as tlw r*rmplc.sing cluntit and l-I* i1.C tlic rctaitiing ion, nwc 
invcstig;~tecl by Sw~i~I~ISc; ;\SIJ I’O\V151.1.“.“. ‘I’iiq* studicci tiw XI-I,$- iciikagc ilit 
tllc! lillltil~llliClC lX!Cl ;lS il function Of tilt! ]>EI of tllC! Clll~~llt illlti fOUllC1 tllilt it illllOUllt~~ti 

t0 IX!t\~CCll 50 i~llti (-)(I ‘3;)) ciccxirsiiig lvitll an iiiwcxw in tiw p]-I of tllc c]uimt, ‘l’l~ 
imsiiiiwi~ coiicetltratioti of lillltlli~llidC! iii tiic cf’fltlc?lit \vils S.4.j incf.1ui~*./i. 

i~oiiot~irig tile cspcriii~cnt~~i Ol~Scr\‘iltic~ii tllilt l~oi~~aliiiric-)ilc~ctic: ilc:itlS give grcatcd 

StiLi>iiit>* Xlltl iitrgcr ciif’fcrcnws iii tllC> Still>iiit!: CollSt;ltltS lx:tI\‘ccil arijwcmt Ii~lltilil~l- 

i&s, ovci ;l tvicic p1-I IYlll~l!, tllC?\* I~l!fiilll to l>l! U!GC!Cl ilS cotiipic.siti~ <!lUillltS, ‘I’llC 

~XJl~i~lllillf~iLC~tiC xids USUilii>* f2111]~10~*CX1 i.Lri! ctll~~icllcClii~lllill~tc!t~i~i~c.:ctil ;icicl 

(ImT:\)“-w, S-ii~c~rt~.~~ctii~~lctictiiuiiii~ictriacotic XCiCi (1-1151)‘1’:\)“--‘1. ;tllci ctictl~yi- 

~llctriillllillC]N2lltilil~C!tic~ iKiCi (l~‘l’P:\)‘“* lil. 

From tiic tcc~llllC~lo~iCX~l point of Vhv. I-I I’:I~,‘I’.L\ iLllC1 I>‘i’I’:\ arc! lll~m: (xmwlikti t 

l!iUillltS siricc tiicir soiui~iiitics Cll:li~ic I-I+ to IW. USc<i i1S tile retiiiliiii~ ioIl. l~~!(‘i~l.lSC! 

of tiic ifnv soiul~iiit~~ of EI)‘I’:\ (o.o_c”;, soinprccl wit11 c)._+ ‘I;, for iU’l~:\), tlw 
rctilillillg ion cllll~io~~eCl is USl.li~il~’ C113t*+ 

:\s tile amount of l~lIltlli~lliCi~S in tllc cffuctit is tiircc*ti~~ pqx~rtioniii to tllc 

Cltlilllt cc~llc~lltri~tioll, tllC! ~il~ii~till~ i!gClltS giving wiutions of Iligilcr cr~tlcclltriltiorlS 

ilrC prcfcru13lc. \\:itii I~I>‘l’:\, ctcll \Viic:ll tile I’Cti~illill~ ion is (:ua,‘., tiic low solul)ility 

of CU,-I~i~Yi’:\ rcStric:ts tile C!lUilllt c~otir~entriltif,rl to ICSS tililll 0.015 M illld limits 

tllc 1’14 to tile !lilrrfJlv range of S.Z-S.5 . Aiic-ltlier CiiS~ltiVillltil~~ is tiic difficwit rcgwcr- 

ntion of I’:IYI’:\ or (:tl~+ l.>l!Ci~USC! of tllc! iligil Sti~l)ilit>’ of tiic:l C.YU,--ISIYI’A coIllpic.s, 

I-117I~Yl’;~ is niorc sc.~iui~ic, but tiic 1110dWi~tC wiul)iiit~* of sonic of its liwvy 

iiltltili~lliCi~ c:olllpicSeS limits its c~onc~ctitr~t,tion to 0,OIS Al ilt 35” it1 tltc! SC!1X\riltiWl 

of tlw >?triurii gnnip”. 

IVitll D’I’I~A, i~ow2m2r, 0.025 Al sviutio11s Illily h UWti, its ~c~llll)icSc!S iIrC 

mow Stil.l)iC”‘, illlti in SOllle GLSCS &$ is tnorc fi~VOUrill>l~. S~:lxlri~ti0lls usitig IYI’I’A 

iN ciUitllt lliI\‘C! rccct~tiy IX3211 reportcd*2~ “, but i1 tllCorC!tic:iii clcsicriptiorl is incititlg. 
Tiic purpose of tlw prcscrit in~~estigi~tiwl \VilS tilerc~forc to StUCiv tile llllX~ilillliSlll 

Of SC!]~ilri~tiOll I>!) CiiSpiiU.Tlll~llt ClC?V~if~l~lll~llt wit1 I i>~l’i’:\ 118 C!iUiLllt, J.G!C~ilUSl! its 
main i~ClV~lIltil~C is iii tile sclxw~ticm Of yttriuln from tilt ilC!i~Vy iillltili~llitiCS, tllc 

lllC?Cili~lliSlll of SelxUXtioll I,\* CliS1~ii~~l!lllC!Ilt cievC~io]~nictit of Y-13 rnisturcs was 

stuciicri ilS rcprcscriti~tivc of tliis group. ‘I’IlC SiIlllC! lllC~llillliSlll SilOultl iI]>]Iiv to tllr! 
otiwr ii~lltilillliCi~S. 

lfS1’151~1.\1l:S’I’:\l. 

Ij’C.‘Sill 
l’llc ioll-CSC1lilllgC resins n*c!rc %CC.J-l<il.ri) 225, _F-,j %, cii~~iii~il~ctizct~~~ (IIV13) (lb-- 

rnutit h.), iL sUipiic~tiatcxl polyst~*rct~c L’iltiC~ll c’S(‘ilill1~:Cr iii tile i~ydrogctl form, m-50 

ill1Ci 52-ICJO WlCSil. 

*/I C’tll’rJlrlrlfr~~:l~. ) c)r! (lCJ71) a1*13.-.157 



cc~uivalctits was x6.5 ‘.‘:,. It 5vtl.c; fount1 tltat &luililwiuni 
tliis loading. 

illl~ll~~tiCXl @XCll! I~‘I’I1;\ wcrc! prcparccl aricl ncljustccl 

‘l’lw c0lu11111s usccl \verc P>*rcs tulws c)f J.c) 111111 I.D., sealcd at tllc Imttcm wit11 
sititcrccl glass disks. ‘I’llc IdgIlt of tlic resin lxx1 Lvas ithUt I00 cm. hacling solutions 

wm: (.:hargd at ;I tlow-rate of r-5 cm of cc~lumri lcngtli pw min. After Ioncling, the 

resin Iwcl was lVilSll~!d ivi tll distilled \Vi1tC!I’ until it we free fmm cllloriclc. l’lw cllargecl 

ballcl iViLS tllcll ctutccl \Vitll tile !:)‘!‘1’;-\ SfJlUtif.Hl iLt r’clolll tCl1lperi~tUre. ~~Spl’illlClltd 

CCJllClitif~mS IIre IiStCCl ill *~‘clhlC 1. 

__~_ _..-. ,._ .- ___. - e--v a-.__--.. ----_- 

--.. -..__. ---...- -_--.__- _- -----_e 

‘I’l10 cspcrinlents \vcrc pcrforimxl ilt root11 tcnipcraturc iIt all clutimi flwv rntc 

Of J.0 Cl11 Of ~c~~Ulllll hlgtll pCI’ lllill. ‘I’lw cillucmt was collcctccl in frwtivns of about 

200 1111 illld i~Ilill~S~C1. 

Total i~llllllCllliiL in tllc C!ltlilllt :ltltl iti tllc cfIlucllt \vw clctcrnliilecl by convcn- 

timal clistilhtio1i wit11 NiLOH. 

Total DTP.4 iii tllc eluant alicl uncoriiplcsccl IITPA in tlw cfflucnt were 

cletcri~iincx1 fvitl1 st~~ntlarcl %nSO,, solutiori at pl-I 0 with J~rioclironlc BliLcl< T as 

irlclic:atOrl”. 
‘1’111: lllolilr cunccntrntiorl of YB.+*, li:P.+*, or k’“.+ -{- IStil-td in tlic ctlltwnt fIYWtiollS 

is cq~iivalcnt to tllc lll~lli~r conccntr~itio~~ of conlplesccl IWPA, sittcc tl1c ratio bet\!xxn 

tlit! l;llltllillliCl~S aricl D’l’l’A iii tllcir cllelatcs is I : 1. 



-t52 1.. IiOcihS, Ii. l<hl‘S151< 

‘I’lIc tc.Jtal conm~trution of Ul’l’:\ in tlic cl’flucnt fractiotis \VitS clctcrtiiilic!d 
tvitll StZ~IlChrCl lTcCI:, solution at pi-1 2 lvitll sulpllosnlic\.lic acrid iLS intlic;itc~r~‘+. 1;roiii 
tllc cliffcrciicc lwt~vccn tllc tcJtc?l and UIlcoII~l~lcsccl l)‘l’I’:\, it \t’;is lxJssil>lc to <Yalculi~tl2 
tllc niohr cmcentrntion of tlic lnntllniiidcs. 

Tll tllc niiscd frilctioIlS. tllc SUI17 Of YD4- -l- EY”+ \Vi1S :~lSCl cietcrminecl gril\‘i- 

Illctrici~lly by prccipiti~ticm \vitlI osalic acid and ignition to o.siclcs17. C.hvin_g to 

tllc liLrg(: ciil’fcrcncc Ilctwccn tlic niolccular wcigllts of \‘@:, anti I<r,O:,, tlic pcr’vi!nt- 
ages of c:acll of tllclll iIi tllc misturcs c:olllCl Ix! Ci~l~~ul~ltC!CI froni tllc c*liolrmctric: ilIlt 

gravirnetrin clctcriiiin~itic.~iiS. ‘I’liis \v;is possil~lc for niisturcs coiitriinirig froni 5 to 
9-j ‘I;, Of 3”‘+-, 

1<J3st:I.‘1’$ ;\Sl) I’~IS(.‘r’sSIoS 

.As nicntionecl ;llx~ve, tllc elutim \ViLS lwrforniccl using Iml’fcrcd illllIllOlliI.IIIl- 

IX’PA Solutions of pH rnngc 6.wS.5. \Vitllin tllnt r’;ing:c, Era.+* atid \‘n-+- forriiccl 
stable cotiiplcscs lvitll ISl’I’A, their allinit>* for tlio ion cscliringcr \\‘i\S rcduccd, ilIlt 

NH-+.d, tlic cluting cxtion, was prcfcrrccl. ‘I’l~us, at tile rcw Imtincl;iry of tllc i~lXX~~lX!Cl 

111 tlw wlution pllus;c of tllc band, tllc foIlwing 

>I l.Y1’1~‘.4”- -1. l-l ,+ z& ;\l I-I I ‘YI’I ‘:\- 

Al I-l l.)‘l’ I ‘:\- + Id’? z+ 3II-l~l)‘l’I’:\ 
>l 1-lzl.,‘l’l ‘.\ +! XI:’ + -I- l.l*, l ,‘I’1 ‘:\i#- 

I-l fj_,,I’)‘I’I’:\“- -I- ,/l-1’ $ I~I:,InI’:\ 

11 1 ,‘l’I’;\“- +.. (5 --- //)I.1 )- 

1.. (I/ .-.- -1) N Id.1 ” (I) 

rcilctic.JllS 0cc:urrCcl: 

(2) 

(3) 

(4) 
(5) 

:!t tllc front ccigc, I-InlLYl’P2\ fvns ill~S~~rbCtl I)y tllc rcsiri I>ClTilUSC of its ;iIiipllc.Jtcric 

IliltUIX!IH ’ . 
-- ._.” .._._. ---... 
zT_l ‘. -1. l-l~lYl’I’;\ + I--171 )‘l’l’;\ 

‘I’lw rcxtioris at tlic front cclp were: 

c(j) 

e----e- _ ._.._ I ._ 
~[*~;~.,‘~‘p..\ -t. dll:I’ .(- ~l~-l.31>‘l’l’:\:‘- c+ rIl:i’ .i- ,;I I:,l,‘l’l’;\ (7) 
__---- _----._. 
1-I 7 I.YI’lJr\ -I- .? N I-I .I ’ + 2NH.J -I- I-l.iIWI’:\ -}- ‘2lP (S) 

lihtliott CltI’ilCS trltrl rrrrtdjsis of ML: Itrrlllriltlirli: bctrltl 
Flat-topped clution curves clinractcristic of clislhcmicrit wwc’ ol~tc~incci : as 

;UI cs;~nilh, tllat of cspcrinicnt 4 (‘l‘ill>lC I) is given in 1:i.g. I. ‘I’llC Ii~Iltlli~IliC1c IX~llCi 

wars ccmfirwct lxtwccn resin bccls in tlw form of NH. +.s tl]J~ViLrCI ilIlf1 I-I-” dO\VIl\Vi~rd. Ull- 

like tlIc mcurrcnm USUiLII?’ olwrvccl in clisl~lacwmnt c1CvCIopIIeIlt, tllc Iwiri l)IliLSC 

of tlIc IxmCI containcci NH,-‘- itIlt H.1. irl acidition to the hlltllaniclcs. ‘I’ltc c:onlpositions 
of tljc resin plIaSc ilIlC1 of tile dflUr!llt iIr’C givcti in ‘I’itblC!S II and III, 

‘I’lv2 pcnctrntion of N I-Id.+ ilIlt EI*+* into t1lC lilIltlli~lliCiC hIlC1 CilUSCCl strctclIitig 

of tt1c 1xu1c1, After ccluililxiutii was rcnclicd. tllC lCll~tll Of tllc strctclwci I)iIllCl 

,/, C’/rrrwrtr/o~~Y., 62 ( 197 I) .#*#‘.,-.(.57 
. 
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Concentration of DTPA in 

0 
4.6 4.6 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6,s 

0 

Volume of effluent collected (I) 
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niisturcs. ‘l’lic at*crage Ixmctrntion nf S 1-1,1-+ -1- l-I+ \\?ilS 40 I,';,, NH,;+ Iwing sni;illcr 
in tllc case of 13r, lm:~lx~l~l~~ lxxxtlsc of its Iliglw stability <~OllStilllt (log I<l.;p lyly..\ ‘G-= 
33.74, log I\‘y. ~:)‘yp~i = 22.05). I.hrillg clutiw, tllc tcntlcllq of rcilctiull (1) to 

1mwwcl ttr tllc riglIt for yttrium cs~cccls tllilt for crl)iuni, co~wcluc~~~tly Icss S I-J,l.+ 
xvi11 aplxar iii tlw Er-rcsiii ~~llnse. ‘J,Slle JN2ll~tl7lti~~ll of I-J-+ \VXS larger for J:r; bccat~sc 
of tllc liiglwl staGlit>* of Er-JYJ’I’;\, the c-orlcwtr;~ticm of t11c l11lcorllI’lcsl!d 
crbiuiii iuns in tlic! solutim pllmc is SllliXllcr. ‘I’llUS tllc tcllclclli*\’ for lYilCtiol1 (7) 
to proceccl to tllo riglIt is gwrltcr in tlw cilst! c.)f >?ttrium tllan crhiunl x114 morc~ J-J+ 
will rcm~iin in tlw Er-rcsiii J>llilsc. 

‘I’IIc IcIl@I> (If tIlC> I)ilIlCI in till! StcilCI>- State ~CIXZI~CICCI (111 tIIc! JIJ-J of tIIc C!ItIttIlt, 
since tllc pctlctriltic~ll of S J-I,;‘. -I-. I-J-‘. \\‘its grci\tcr ilt lonvr ~~1-1, ‘I’ll~ Iti!llgtll of tllu 
\’ ~trctchcd l>ilnd \VILS 1.70 times tlliLt of tllc ol*igillill hllltl :lt 1’1-1 8.15, illc:I*cilsing 
to I.S.5 times ilt IIJ-1 O.IO: tllitt c.)f I<r \\*ils I .O_j times longer ilt l>l-J S.15, inc:rc;lsing 
to 1.95 times at pJ-I I,.lo. 

I-I.*\GI\\‘;\I\‘;\ ;\Sl) c3lZl’” l*cpo~tcd that tilt J~l!llctl’ilti~>ll of x1-J,;+ -f- l-J-+ \vitll 
J-J II: JYl’A as eluant \vils ~..‘j--Oo.~ I.‘,, in tl\c l>J-J r;lllgC! H.8--4.~), ilIlt tllc n1;winlllm 
concentration of tllc Ii~tltlli~Ilitlcs \\‘il$3fj.g meclui~~,/l. 111 0~1~ GLSC’, \vitll I>‘J’l’:\ ;LS c!lUilllt, 
niminiuni Cr~llc~ell tlXtiollS of 1’ illld 15r Iii.glicr tllilll _TU riiccluiv./l \Vcl’e cll~tilillc(I. 
Higlwr cotlccntrr~tiolls \\‘c’rc ol>tilitlcd iri t1lc 131-J 
froiii Cl JXYl~tiGll point of viwv. 

Cvllcclltt’ittiolls uf X J-Jam+ ilIlt 31:1”. ill tllc 
tllc ~l.llill>*SiS of tllc cfflucllt ft’ilctiOllS acccmling to 

Klll#> S.;?--8.5, iVIliVIl is J3l’cfl2rilI>IC! 

rCSil1 J>IlilS;O \Vl!I’l! ~~ilI(.‘IlIiltt_!CI ft’olll 

tllcn foIlon-itig WliltiOll’~ : 

[NId.l-‘:I f;\I:J ’ 11 ,\ 1-I Jr, 
-_I ._,--- - .= -__..... “.. - .-._.-._ _ 
_^ ._ _ . _.. _ _.-...._ 
N 14.l-+ Al:‘+ Q 

-7 ---.- -. .._ 
wlwrc [AX l-l,,+] ;111cl [iPI:‘+] i\rc l’c,llCCIltr;lticJtlS in tllc clllucllt: h J-Jai*‘- itIlt 31:‘+ ilrc 
equivalent fractions in tlic resin lx~ncl; X I-1,1y it tllc total c.otlcclltr~ltioll of S J-J,,‘- 
ill tllc c!lU;lllt; ilIlC1 Q is tIlC2 CLl}X\cit\’ Of tllc rcsili. 

Ill all t11c csJx2r’illlcllts, it \\‘ilS foUllC1 tllllt DTI’:\ \VilS IllOI’c! conwiitr~~tccl in 
tlw cfllucnt tllan in tllc clunnt l>>* [.r] nlolcs;/l, itlcliwting tllc lxwcnw of J-J,+ ions 
in tllc resin l>llase, ‘J’IIc rcsitl-J>lli\so l-J+ c0llcolltr’ilti0ll \\‘ilS ~illL~lllilt~C1 il~CYCll*CIill~ t0 
tlic follmviiig csprcssioii , sinc:c J.)‘l’lJ:\ is l~ountl to t\vo SO:,J-1 grnuJ~‘” ([ l-J-+:] ES z!y.v]) : 

2 [.v,j s I I .I’,’ 
-_ -2 _-- ._.. ._. 

--_ 

II + 
C’ 

‘I’Ilc ~u111 of tile c;ltic.~lls in tlw clllucIlt \\?a~ ill gw~tl ;lgrc:clllcllt wit11 tllc S J-J;+ 
cr~llcclltr’i~tio11 ill tllc l211lilllt. 

H,J1’I’l’A, H,,J>‘I’J’:\--, I-J:~l;)‘l’P~\“- ilIlt I-l~l)*I’l’A’J-. - 
‘J’llc ions in tllc cluilllt \vcrc NI-i,8-+, J-J :JJX’I’:\“- iillcl I-J 21Yl’1”:\~J~~-. 
‘l’llc following IlOtiltiOll is USctl : Clip = total ~olic~cliti’;itioii of 

./a C//W,/fdfJ/,‘V., (‘12 (I 07 I) .+.[9--.15; 

J>‘l’P:\ ill tllc 



clu:1llt; x I..I,ry --.-’ tr)tal c,c.,tlc,ciltl’atir,rl I*bf S I-l.,+ in tllC_? C!lLlilllt , and I-17’ z-- tc-1ta1 C(‘)IlCTIl- 

tJi1ti()I] (,f j-1 in tl1c f_!ll_1;11jt. JIOlil~ c~o~~ccntt~ation8 iIf tllc ionic: sl’m:ics ill tllc! CtHLlCllt 

;Ll’o inclic~~tctl I>>* l>rill*l<L!tS. 

‘I’llc ion l~ill~lll~~l! is;: 

[lly*] =: ~,illr,lJ’l’I’.\] i,. .fj I I.11 )‘l’I’;\-,j .{- ,<:_l-l:]l )‘l’l’.\“-‘; y* l[,l-lzl )‘l’l’.\:‘--j 1. 

2;~11-1:!1 )‘I’l’:\! .I- i:aIl-l I )‘l’l’.\ .\ 

s I-I .1,/’ -‘. : SI.I.I’ 1 .I. _3iJlI.121 )‘I’l’.\ 1 -i. _3!1lI.I I )‘I’I’.\--i -i- .$!_1l I)‘l’I’;\2~~~! ,i.. I[:X: 

LS l-1.1’! j :: 1:l-l,1 l )‘l’l’.\-] -i- .!;ll:~lrl’l’;\“-] ..I- ~~~Il~l.rl’I’;\:‘-~ -i- j3lll I WI’;\-“1 *. 

117’ -2: _=J’ll.,.-- Sl I.,*,* 
2[Jl I )‘l’l’:\“--] 

I-1 ‘I’ :,L:: [I I ‘,L) . ..1- 7[,,r ] 

l’l~c c’r~lll.~c~Ilt~ilti~~11 of i-l*/* in tllc! c~lIlIlcllt is ~:r’l’iltC!l’ I>!* T:.\‘j tllilll tllzlt in tile ~!lU~Lllt, 

Sinw I>‘I’i’:\ is lxo_in(l ils (121-1),1-l,l>‘l’l’:\. ‘I‘llis is in g:ofKl ;tyrcwicmt \vitll tlw cs- 

~~~!l+il1lclltill lX!SIll t. c; (‘I’;lI>l~: I\‘) ilIlt Sllf~\\‘S tllilt till! 1-i.’ ions in till! Iillltil~lllitll! l~illld 

c~rigili;itw.l fro111 Ilw r’c!tilillillg ion. 

‘I’:\Irl.I< I \’ 

‘1’1115 I~;\l.r\SCI~ 01.. II~‘I~lclll;I,s IS ‘I’ll15 Isl:l:l.l!I:.s’I’ AS11 IS ‘I’llIS 13l.l.:‘\s’I 
____..__.“___ _______ _ . . ,..__.___.____- ._.. _.__.-_--________._-._.._-..__ . .._. ..__. -_ -- _.-... - . _. . . . .-. . -- 

I:.\.pr’J’il/lr’~fl 1.1 ‘,’ i.lI*f* i ! II ‘I’ j . r I-I ‘,’ ; ; I I ‘,’ j -- 
.\‘,I. ii/ IllC~ c*/rrrrrrl ;,I //I,~ 1’ t*/~lrrc*rrl 7[xi I,, ,lll~ Ilrs ,‘i*\’ : 

(I// Jrrlllt~/l) r*/~lrwrrf 
_ ____ ___ _. . ..__.. _._ I-_ _... _. ..- ..__.__ -__ ._-- . .._ -_._----.-- l_l.._...... _ ___, . . . ..--. ..__ .._ _. . . ___.. _ _ .._. 

I .+.,3 .i.i + .s .V). 2 
.! .I I . .$ O*(.tl -I 1 * .s 
.3 -1.1 .I) Il2,() -t-l*7 
4 .I .I . I 5 I .7 -1.1.” ilaa! .~.#*‘I 
5 *17*” flO.2 _1s.;j ST.5 .+;.I’ 
(1 .i I *(.B ‘)i..+ *=j I * 2 l)tI.t) .1’). .i 
7 .i 3 .4 fN)..( *=).I .I) lll*(.O .i 2 3 .i 
__I ____.__.._.. - ___.“__._.__ -- ___....-._ - . . . . -. .__ --_.._ .._- ̂.- . --_--- .I.__ _--.-. .-. -_. .-..-. ._-.---_ .- ._... .-.. _.._. _ 

/ Itright ofitii!t~ft~ilf lo (I fJww~~ticd /dtr ft: ;vtfws 
‘1’11~ intlttclltrc of tlw prticlc siac of tlii! rwin 011 tlic ct*lic*icliq* 0C s~!~~~ll~ilti(~~lI, 

\vitli ill1 otll~l’ cwiclitiolis C’(lllStilllt, \\‘ilS Stutlictl. 

‘i’llc ~:lficicwy f.jC Sl!~~ilr’i1tiOll illl(i tllc SllikllC! Of till! iX~UlltliLl!~!S ClC}XJllCl 011 tllC! 

Iiciglit l2~~lli\~illl.?llt t0 il tl1lY~lI!tic:ill l)liltl! (I-Ii~‘I’L’). ‘i’llc: I-1133’1’ is ;I futic:tic.m of tllc 

tinit! of t’ollt;1Ct of tllc! l!iUilIlt \vitll tllc rcsili illltl tilt! l’iltl2 Of CS~llilll~l2 Of tllC! slxv*icS, 

illlC1 llCllCl* it Cll!iX!ll~lS LlllOll till! IlO\\‘-l’iltc?, till! clc~lic:c~liti’;ttioii Of till! ~l\lilllt, tllc lXll’tic*lc 

size of tlw wsin, illltl cbtlit.9’ cqxwtilig c*otlclitic~tls. 

‘1‘11~ niiscrl wgions of Kr-1’ S(!lJi1r’ilti(>llS, ~X!t’f(~l2111!(.1 011 rcsiris of lxkrtic.lr! size 

20--~0 lllCSl1 illl(1 fj2--100 lll~!Sll, iLt’C! I’C~~IX!Sl!llt~tl in I;igs. ‘2 itIlt -3. ‘I’IIC i-1 11’1‘1’ \\‘ilS 

~~ill~.~~llilt~~~l I?)* t Ill! follcrwing C!(lUiltiOll”: 

lo:: I’,,, 
log 3;:’ 

‘.:,* ..- _ .-.-.._-. 1, _,_ I(,K ,‘() 
I 115’1’1~’ 



4,s 4.6 4.7 4.8 4.9 5.0 

Volume of effluent (11 

Lo9 rm I 
0.0 

0.6 

0.a 

0.2 

0 

- 0.2 

- p.4 

-0,6 

1 2 3 4 5 Lcm 

4.6 6.6 6.7 4.0 1 2 3 4 L er 
Volume of eft luent (1 I 

A Er3+ 

.v3* 

0.6 - 

0.4 * 

n 

‘l’lw J-JE’L’P clccreilsd from 1.94 c’nl to 0.99 cm svitll clinlinisllitlg prtic*Jc size. 
‘Thus, ill tlw scpwntions CJiSCXlSSd, using a srllaJJC!r JxlrticJc is aI1 illlJm+taIlt J>rilCtiCC\J 

IIIC~IIS of inlproving tlw separation witllout Jcrl~tlwning tlw tinw. 
Tlw grcnt influcrlcc of tlw grain sisc on tllc I-IE’J’P suggests tJnt tllc clcscrilxtl 

ion-esclmngc process wit Ii ;L JYl’J’.4 cluant nxs controllccl 1,). Jmrticlc cliIfusion as 
tllc rate-clctcrnlirlinR step. 




