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1. Introduction 

For the determination of the rare earth elements (REE) in 

mineral samples by instrumental neutron activation analyses (INAA) 

it is necessary, as a rule, to undertake their preliminary chemical 

concentration and separation from the lightly activae g impurities. 

Scandium, usually accompanying REE in mineral samples a.id in the 

process of the preliminary enrichment, is one of the admixtures 

which is most difficult to separate 11 / . It is necessary to note 

that the relative content of REE and scandLum in rocks in varied in 

wide limits: for example, in apatites it is 1:2.7'105, but in ilmenit
e a it is 100:1.7 12 / . Thc difficulties of EBB do t e rm i na t.l.on in the 

Llcalldium containing rocks by INAA become obviou<1, if we take into 

account that the average ~Jcllnditun Clark til tho eurth core is higher' 
than the REE Clark by n rac t o t- o I' 10-100 / 3/ . 

'I'he ext!'action-chr'ulllllt"P;t'llphy to chn Lquc hriu c o rt.u i n udvun t ages 

when muas wlltlyueu wLth Llw preliminary c hcrn i onl on rIchnn-u t ,n'e 

,'IUTi",i out. 'I'hor-o a to two t uc hnLquo n ("ulvOllt o xLt-uc Ll.cu 141 nnd 

uxtt,,,,:tjon-chrurnal,UI~rI\Jlhy1"/) d c nc r t bod In t.uo Ii t,e!'lltlll'(j which 111'0 

11llpl l c n b I.e 1'or I1C/1IId1IHll-llllll,hHIJiun ;lnpn.I'llt!(JfI .. fl\IH~'y 111'U hnllod o n 

nynl,"llln w I t.h hyuru':!I)UJ'l,: 11L:ltl-tl'luel.ylphu'lphllll' o x lclo ('1'01'0) lin Hil 

1',1.1'1101.11111.. 1[<Jwevel', h'd,11 o l' Lhr-tu l\Ilvn I<JW .roLo o tj v l Ly with l'{l;rpuel. 

tr) tho lfillthll.tlidf'H II lId "('qul,"p H. JII.unIH\I' (ll' lu1dlLlclIUli UpoJ'fl.f.lulitI. 

111 Ul(~ pr'l':lIl1J1, Wl!l'k Il IlflW tn(~IIf1I(lllP 1'01' Lht' Jlfllo(:I,lvo lixf.r'tlu

j'llJ-l'III·OUlfl\'llj·,I""phll' ('l,rll'Pllt,"IIt.I(J11 Ill' till I In:l '; w l l.h u luru l t.nnoo uu 

:1l'!IIlI'nl,ltjll rJ'lHll r n-rutd i t uu /llld pJ"Il'I.I('/III,Y 1'1'11111 1111 Lbu u l.hor 

/II"I'llllqJILIlyIIJ~ P(I'lIIl'lll.ll III IJllj~,,"~P/ll.fl(l. 'l'l)f'O III Il/IIqJ 'Ill I.l rlxnd pfl1ltiU 

Ili'I'o. Ir'tlll Iq:LI'llcLII~11 ld l.!u- In:I'; Il1ld IH'/IlldllltlJ III l'III'I'llll' 111l!, tit. !.tIU 

:HII'I",!I'" III,ngc' 1'1'11111 illllllLIIIll1I l'IHJ!.11111111J-( /1 IILI'IJlII: ("Jlllp!P;ot,IIlv' 111~Uld, 

(dipl.ll,yjntlf.LI'!IIJlIIIH' 1"'Ilt,/lfll'nLII' IlI'ld (IJ'I'1'I\»). I,P'LII' "t'ld f11111 ,~ 

,'1'1 I I. l 11/',""1)11 I, /lVI'III.. 'l'IIi'l1 1,/10 'Ill I f1l- I. I VI' ,11111. I (Ill (1 r 1,1"1 In:I·; 1'1 

1lI"'('III1,lllltH'd II,Y 'f 1I11\1/1 II,ydl'(11'1I1'i1'II' IH'ld. 'l'lr I n LfH'hlllqlHI WIll1 

11I'.'V!lllll,I,Y 11"VI'/I'IJIIII fill' :ltlllll'l.lvll 1'1'\ IIV"I',Y ,~l 1.111' I'tll'fl 11/11'/,11 '1111\ 

1,1'llIlllld 111,1111 I 11111 I~JfllllIIPi! 1'1'111\1 t',Vi'lld,I'!"1 l,lIl'I-';n!. 111111.111'111\ 111'1,"1' 11.11 

11'I-rlllll1llll1l II,Y 111'IIV,Y IlHl1t Ill' !lllll'liI.lld HI, 1,1111 1',YI~lllll'tlll/1 I,r Uln 

J.1!lllll"ltlll'.Y Id' I'JIII 11'111" 11it~fl.'I.I!Jltl1 1.1' 1,llft ,IINI;, 1111111111 I(~/. 
'jilin H11ldll'(IIIIHI II! r r.. II,II (d' 1I11111,V HIIlIIli/lllll (III\fll'I, 1'1'~'ln "I, nil 

Wilit 1,llp 111111" III WIII'1t tIll, 11111'1111/1 (III, fill, I~i. ~'dl, 1'11, I~d, I'll, I,II~. 
III ~ rHliddnl',;d III l.Il(' IlI'n/11l111 Ill,11I1,Y. II III 1~/lPPI\I"II,Y iuqtlll'!1l111, It I 

1111\ Iltllll,VIIl'JI Ill' 111/l11,V 1II1111lI'HI !lIl1tllllUH "'lll,olllllIP, ('11, ~/dl, I,I" I1IHI Ill,hol' 



elements as macrocomponents which can automatically serve as salting

out agents for the REE and scandium extraction, essentially simplify

ing the whole procedure of the analysis. 

2. Experimental 

The solvent extraction behaviour of the REE, yttrium and 

scandium was systematically studied in systems with various' aqueous 

solutions under different conditions. The 0.1-0.4 molll solutions of 

TOPO in benzene were applied as extractants. Trace amounts of 44 s c , 
S8y , 140La , 139 Ce • 14Jprn • 15JSm, 152Eu , 146 Gd , 160Tb • 170Tm, 17J Lu 

have been used in this work. 

En the extruction experiments we used the following procedure. 

A 0.07 molll solution of DTPA in 1 molll lactic acid containing some 

quanti ty of RNO uoc e aaar-y for supporting definite ac Ldi, ty was added
J 

to the nitrate (or hydroxide) of the element studied lnbelled by the 

correc'ponding r",d Lone t i VB tracer and containing a saJ t lng-out agent. 

After the compleLe dJuc;o]ution of aJ.l components an equ/'ll volume of 

the c xt ruc t an t VlaH nddcd and the mixture was Shaken JOI' IS minutes 

at rourn t.ernpe r-u t.ur-o , A pl'(od.i.minal'y experiment has shuw" l.hu t t he 

equilibrium i n Il<:ltlcv,~d u lt.c r about 5 min. A]jquatu w,"'o Lnken from 

both ()J't"IJ,ni L' w,d 'UI"eIlIHi phunGs and the r-activit.l "I' !.flO> .mmp l us 
wu.i lIloluHH'ed til. Lhu ;ntJ[I(' f~p()metry. 

I}I""II ,,,,11111111" wlLh" diumetcl' of J mm [Hid 1111";1':1,1. "I' (,0-80 mrn 

WOI'(' u:wd In l:xL"/I.eLluII-dl"ultlnLugl'aphh'cxj",r';rnL,nl.". W"I'III.II. 1':P-60 

('I(HI-loll'lt~(HI 1t111(:I'I'l'(lI'OII:"l l~l}polY/Ilel' or stYI'f:nc It,lld Ii i v 111.Y 11l(~t1Y,erJC') 

lJ:lnd II:t :llqJ(~ql'l.illt: 11./-';OIJL WII:~ m i x od wi l.h Ul(~ ('qr'I'" llHlIldlllJ: 11.Itl')Ullt u l' 

'I'()(l() ;1\11111.1,111 ill [Hql':,.llltl, whi « h WH:t l.hou f'V,'IIIlII'lll.tnl. '1'1111 woiv,hL 

,'"1.1,, \II' LI", \lxl.",>I'I./lIlL ('I'IH'O) 1.\1 LIlt' ""1'1",,'1.1111< 111111.>",\,,1 W/I,I1 1:4. 

\. h'I':;11 I I.:. 

I'I t l I ' I,III ' I II J I I' I ' 1, I , I I I I ~ I' I} I"t. i ,tII I I (, ( J r I (1 i I, I ' I I I I • I' \ I I ' I,II (I I, I>: I,: I I I I ( I 

IH't111dllllll Illlpltl'tlt.JllIl !.lIP I'KI.I'I!C'.l.illll /Illd 1)111'11 1,\(,I,I',wtlq'l Ill' hld,!1 lill:I'; 

IIJII1 114'111111111111 1111Vt' lunu r ItLIldlt'd, d"I'i'IIlIIII/,: 'III H'lHi!llllll 11l1/111l1 1I,'IIlII-,V, 

UHI (lx!.j"Il,!.,tll!. I'IIII"I'II!.I'III.!!JII, 1.111' I.,VIH' IIJI<I ""ljI'llltll'Pll,l"ll t tl' 1.111' 

11'III,lltf', "'11, 11/ 1,1' 1, 1, / 1.. 

'P1141 j'f,/ III I I,II I I I' LII f' I \ X [. I 'n I I, I 1 III \1 f' i1'IIIII' lil':I': (I" I" 1111 loll I,ll loll), 

v tt.it um HIIlI III HIHllllIll \l,Y '!'(Ijtll 1'1"'111 II'ITA ll',llll.llljlll III 1,11'1.1,' /wlt! 

1'llltl,HIIIIIW: 1:11(1-111 \),' nrn l AI (NIl \) \ 111I /IHI111l/', 11111, Hf.\PIII,lI 111'11 pl'( JlfllJl 

pl! III 1,llf!;. I. Ail II WillI foll/lnl'VIHI III 1.11" "Llillj' Il,YIII,IlWH w l l.ll Idj'f/lpIIIJIII 

l>~ld(t PriLl'll1 111111.,1, II dllllill Idllll'fld I[IljllllldlllWy ,.1 I\d Iqlqll 11111 nl ruu ! . 

Iltlllllltil'tll 11111 I'll'illillil wIlli II Itlrllllllllllll til. :lIlt t lIt tlllHI ,'lllll·'II'I.II'\tll,11 III 
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Fig. 1. Distl'ilJution r-a t Los t o r- Rt:t:, Y nnd Sc:. 

Aqueous phase: 0.07 M U'l'PA, 1 M Luc t i c uc ld 
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IVII'(NI) \) " \'I'IIPII. '1'1,,, 1.11"11,,,,, Ilild "<:"",11,,,,, 1""LII""'";1 (1,'If';' \) "II"W 

Lilli I rIll' 'j'll) K, i:: pL·I\I;Lll~"III.v (~(lllltl.ltlll. IIIJ 1.,1 n ('lllll'i'ILLI'IJ,LI'111 oI' 

1()"1 IlIlJI/1 IUI~j K 
I 

rill' ;;(' r"'1lI11[111I 1IIIj'lllllljl'l·d 11I' l.jl :IJr1(}-;~ IIHII/I., ' 

'1 '111 IllrJIH'III~I' IJI' 1.111' JlrIILIIII~-IJIII. Ili',OII!. l~tlllj'Il/lt!I'IILI('11 IHI Ltll\ 

I'XI.I'III't,[11/1 Ill' LIlt, lil<I': nur l Ill'tllltlllHiI 1'1'11111 1.1", 1,'IIPfl·-·llll~l.ll' IH~ld-IHllllt.J(lIl 

WII,'1 ;ll.lJd 1(1(1 ;11'l'.'II'II.Lt'I,Y. fI.1 l'rlll I~I' ll1ll\11 11'llI'I\ 1,lHl d" 1.'1 ,d' 1,'ljJ;' 4 t 

1,llf'I'I' 1,111" iii 1'1','I'I'lli'l' 11l,I.Wllf'll 11f'f1lldllllll i -~I.I"lt'lltJII IIlld \.11111. o f' !.1It! 

11'1<1·', 1.111 I.IH' ('(dnll \),' ("JIl"PIIII'III.I'111 1'Il/lIIII':1 l.11l1 v nlu o 1.0 II\~~I/I. 

AIIIIVi' t!u,1 1'''IIf'''III.''111.11111 !.lIt· ,11'11111\111111 dl:II.I'\llllllqll l'II/l!'rll,lPltI./t 

1'lllll.lrllll' 1.41 1':I'4~W wll! It I LII/I 1\1 VlllllI'!1 ,Il 'Ill 1.111' lil':I I
: hj!~);lll 1." 
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•\ f I Ill' I 1/, II J', lin II, I.', 1\III I I 1 I LIlt 1 rill' I II/II 1111' I' ~ I, 1-111'1, 11111 II \ I I.' I Ptw,Y 
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Table 

The effect of salting-out agent on the extraction 
of REE, yttrium and scandium by TOPO 

Salting-out agent Kd[H+ ]Concentra-Salt tion (mol/l) Ce Tb Tm Y Sc 
(mo Lz'l ) 

Al(N0 3)3 0.45 0.35 1.31 1.45 0.57 1.04 0.76 

Fe(N03)3 0.50 0.30 0.77 1.01 0.40 0.43 0.51 

CU(N03)2 
0.48 0.30 0.50 0.67 0.26 0.30 0.44 

Co(N0 3)2 0.50 0.28 0.48 0.64 0.18 0.24 0.37 

NiCN03 ) ;o 0.48 0.20 0.45 0.60 0.15 0.23 0.35 

Zn(N0 3)2 
0.50 0.36 0.50 0.87 0.22 0.24 0.34 

Ca(N0 3)2 o.vo O.OJ 0.46 0.31 0.10 0.15 

Ccl(NO 0.50 0·?4 0.44 0.46 0.19 0.16
J)2 

Pb(N0 3)2 0.4fJ 0.17 0.34 o. JO 0.10 0.15 

0.01 O.OOJ 0.005 0.001 0.002 0.02 

'Pl1C~n t.lu- qlllll!I.II.IlL j vo 1','CI)Vf'I',Y or LIII' 1\'1':1': n tn l 11(~ftlld j uru l'l'UIl) 

ul t.r-u l.o n.r lul.luu.: i:l lH'hlnv('d 111. lln- Illlj'I,I,illil Id.lll~f' .. '1111U no l u Li on 

('41111,111111111': II,d, 1":1:1 Lllilil 0. 1) 11101/1 o I' nluruinit nu Ilit,I"II.(1 o t- 1l11()Lh(:I' 

:1,,11.1"1'>0"1. 01';""1., (I.()'{ 11101/1 01" 11'1'I'A /l1I1! 1.() 111,,1/1 "I' 11I,('l.ic IIcid 

1,1 Plll/lI I tlf·': LlII·(.lll~11 l.ho (~r)11111111 u l. II 1',II.u III 11111, JII(lJ"(, Lilltli 1. 1) 1l11/Clll~! 

rnlu .. TII(tll l.111' ('1111111111 I~I Willill,·d IJ.Y II \ /lilli/I ,11,1111.1011 ,.1' NII~N(J \ Hill! 

t.hou II.V Wfl!,lll'. Al LIII' pllll/lilll', tlIJ'(lII~';11 1.111\ j'jfllllllli t.IHl w/llt!II,IV, .'11,111

l. 1(11111 ('j III I"l I II 1.1111 1'1111111 II"~ II II', n/',nlll.. 1.1111 11/1 I I. IIII', 11111, 111-';0111. 'Llld II I I 
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