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A novc l Illcthod fur thc so lvcnt ex trac ti on sepa rati on of 
scand iulll (lll ) at 17 11 5.0 using 5 x IWI M Cyancx272 has bccn 
dcvc lopcd. Scandiulll ( III ) has becn strippcd rrom thc organi c 
ph asc with ~ . O M II NO.1 and dcterill ined spect rophotometri ca ll y as 
its complcx with Arscnazo( llI ) a1 675 nill . Thc Illcthod devc lopcd 
has bcen app li cd ror sciccti vc scpa l'a ti on of scand iu m( lIl ) from 
sOllle c losely associated cic ments. viz .. La(III ). Y(l II ). Ce( IV) . 
Zr(IV). Dy( III ). Nd (III ). 1'1'( 111 ). Yb(III ). etc. in their bina ry 
mi xtures. Thc method pcrmits Illu tual separation o r sClIld ium(III )­
yllri Ulll ( III )-lanth 'lIlum( III ) and scand i um( III )-yll ri um ( 111 )­
eeriulll ( IV ) and 1'0 1' recovery or scandium(lIl ) from USGS 
standard so il samp le GX R-2. Japanese strea m sedi mcnt sample 
Jsd-3 and ashes from Ilulli gold Inines in Karnataka, The method 
prescntcd is simple, rapid and seicct ivc ror isolati on of 
scandium(llI ) frolll co mplex mi xtures. The method dcve loped is 
reproducib le with a re lati vc stan ciard dev iation or 0.471 ,. 

WC code: Inl. Cls I301D1I /OO: GOIN2 1125 

The purification of scandi um has much signifi cance as 
minerals contai ning it as a major clcment arc fcw and 
rare. HDE HP lbi s(2-ethylhcxy l)phosphoric acid(J has 
been the most co mmonl y used extraclant for recovery 
of scandium from scrap, wastc and res idues. The other 
extractants reported are PC-88A 12-ethylhexy l 
phosphonic ac id mono-2-ethylhcxy l eS l e r'I~ , Cyanex923 
[a mixture of straight chain alkylated phosphine 
ox ides15 and PIA-8 [bi s(2-ethylhexy l) phosphinic 
acidt, Extraction mcchani sm of scandium(llI ) has 
been studied from sul phuri c ac id media with 
Cyanex272 [bi s(2,4,4- tri methy I pent y I)phosphi nic 
acidf and its ex tractability comparcd with Cyanex302 
[bis(2,4,4-tri methy lpentyl)l1lonothi ophosphi ni c acid I 
and Cyanex30 I I bis(2,4,4-tri methylpentyl) 
dithiophosphinic ac id lx. Incompl cte stripping of 
scand ium7,x although casy in compari son to HDEHP 
and PC-88A, hi gh reagent concentrationh

, and 
~ ~ 

difficu lties in st ri pping scandium5 were the limitations 
of thes~ methods. No attempt s have so fa r bee n made 

to sys tematica lly study the inlluence of various 
parameters affecting ex traction of scand ium(I11) with 
Cyanex272 for optimi zing the condi tions for its 
quantitative ex traction and recovery from complex 
matri ces. Hence in thi s note, a method rree from the 
above menti oned drawbacks using Cyanex272 I S 

reported. It also permits mutual scpararion 0 1 

scandium-yttrium-Ianthanum . 

Experimenta l 
A Digispec I 10 D spectrophotonrlcr (Feedback , 

India Ltd) with matched 10 mm glass cuveltes, di gital 
pH meter (Elico Private Ltd, India) with combined 
glass and calomel elcctrode (Toshn iwa l -M oll ar, 
In dia) and a wri st ac tion flask shaker (General 
Trading Corporati on, India) were used. 

The stock solution of scandium( III ) vas prepa rcd 
from scandium ox ide (A. R. grade) anc! standardized 
co mpl exometri call/, A work ing so lution conta ining 
30 jl gc m') of sca ndium(III ) was prepared by 
appropriate dilution. Cyanex272 supplied by Cytec 
Canada as a gift sample was used withou t further 
purification. Arsenazo( III ) (Loba Chemie) was used 
as a 0. 1 % aqueous so lution, All the reagents used 
were of A. R. grade. 

Equal vo lumes of aqueous phase containing 
scandium(Jll ) (30 jlg) and 5 x 10--1 M Cyanex272 in 
xy lene were equilibrated on a wrist act ion Ilask 
shaker for 10,0 min, After phase separation, scand iu m 
was stripped from the organic phase with 10 cm] 
1.0 M nttnc acid and determined 
spectrophotometri ca ll y in the aq ueous phase with 
Arsenazo( III ) at 675 nm lO

• A set of six replicate 
determinati ons using 30 jl g - 50 jlg of scandium(lll ) 
gave a standard deviation of 0,4%. Dis tributi on rati o 
(D ) was cal culated from the percentage of 
scandium(l[f ) extracted in the organic phase. 

Results and discussion 
Thc ex trac ti on of sca ndium( II I) was studi ed from 

pH 1,0-9.0 wi th 5 x 10--1 M Cyanex272 in xy lenc. As 
Cyanex272 is a liquid cat ion exch,;nger with p/.:" = 
6,4, the cation exchange mechanism responsible ror 
the ex trac ti on of scandium(III ) is inl'luenced by the 
p H of the aq ueous phase. The ex tracti on o r 
sca ndium(III ) increased with the increase in pH of the 



aqueous phase up to pH = 5.0 and decreased beyond 
pH = 6.0. The maximum ex tracti on o f scandium(lll ) 
at pH = 5.0, may be attributed to the ex traction o f its 
cationic spec ies at thi s pH . T hus an optimum pH = 5.0 
was selected for further studi es as scandi ul1l( lIl ) was 
quantitatively ex tracted at thi s pH . 

Benzene, toluene, xy lene, cyc lohexane, chloroform 
and carbon tetrachl ori de were used as diluents for 
Cyanex272 and the corresponding percentage 
extract ion o f scandium( lIl ) was 9 1.2,86.3,99.4,87.9, 
87.9 , ancl 90.2 respecti ve ly. The distribution ratio o f 
scand iul1l( llI ) was maximum ( 165.7) when xylene 
was used as a diluent. Hence, further studi es were 
carri ed out w ith xy lene as a diluent. 

The concentration or Cyanex272 in xy lene was 
vari ed from (0.9-5.0) x 10'.1 M. The ex tracti on of 
scandium increased wit h increase in concentration o f 
ex tractan t and was quantitati ve w ith 5.0 x 10'.1 M 
Cyanex272 in xy lene. Hence, for further studi es 
5.0 x 10 .. 1 M Cyanex272 in xy lene was used. 

The nature of ex tracted spec ies of scandium(lll ) w ith 
the extractant was ascertained using slope analys is. The 
distri bution ratio (D ) at pH 5.0 ror scanclium( lIl ) was 
evaluated from 0.9 x I (r.1 - 5 x 10-1 M Cyanex272 in 
xy lene. A plot or log lDJ versus log rCyanex272] was a 
straight line graph with a slope of 2.4. Thi s indicates a 
mole rat io of scandiul1l( lIl ) to Cyanex272 as 1:2.5. 
S i Illi lar stoichiometric rat io of scancli um(III ):Cyunex272 
has been reponed from sulphuric acid mediL{ 

Hyd rochlori c acid (0.5-~ . 0 M). nitri c acid (0.5-8.0 
M) and sulphuric acid (0.5 -3.0 M) were studi ed as 
strippin g agents. The stripping o f scanclium(lll ) was 
quantitat ive (99.4%) w ith 1.0 M nitri c acid and 8.0 M 
hydrochlori c ac id. 1.0 M nitri c acid was se lec ted as 
the st!'ipping agent. 

OTES 2659 

Extract ion of scandi um(lll ) was stud ied for 0.33, 
1.0, 5.0 and 10.0 min. with 5.0 x 10'.1 M Cyanex272 in 
xy lene, and the corresponding percentage ex tracti on 
was 96. 1,97.7,98.4 and 99.4 respecti ve ly. A 10.0 
min peri od of equilibration was considered sufficient 
for optimum ex tracti on. 

Effect of diverse ions on cxtnlction of sC:lndium(I II ) 

Scandium(l ll ) (30 pg) was extrac ted in the 
presence of other ions, under its optimum conditions. 
The tolerance limit was set as the amount of foreign 
ion causing ±2% error in the reeovery (99.4%) of 
scandium(III ) . The elements Na+, K+, Ca~+ , Mg~+, Sr2+ 
and Ti -i+ were tolerated in I : 167 rati o, whi le Co~+ . 
N·'+ Z '+ .1+ d V 5+ . . 1-, n-, V an . were tolerated In I :33 rallO, 

C (,+ M ,+ y l+ d L 1+ . I 17 . d (,+ 1' , n-, . an a' In : ratio an M o and 
Ce.1+ in 1:8 rati o. The rati o for tolerance o f Zr.j+ and 
Fe.l+ was I :3 .3 and I: 1.7 respecti ve ly while that fo r 
D 1+ N 1'+ P 1+ I Yb'+ . . C . 0 '. y, C , r ane . It was I : I. AllIons I , ,-
. and SO.j 2· were tolerated in I : 167 rati o. 

Separation of scandillm(1I1) from binary and mlllticomponent 
mixtures 

Scandi um(lIl ) was separated from some metal ions 
in binary mixtures. Scandium(l ll ) was preferenti all y 
ex tracted under its the optimum ex tract ion conditions 
leav ing the other metal ion unex trac ted in the aqueous 
phase. Thus, a high separat ion factor ~ (~ = Dsc : D~I) 

for Ca( ll ) 4851 , M g(l l ) 3720, Co(l l) 4039. i( lI ) 
4 1084, Mn(l l ) 1878, Dy( lIl ) 27434, La(l! I) 32968, 
Nd(lll ) 2997 , Pr(lll ) 990 1. Y (III ) 66 134, Yb( lIl ) 
1998, Ce(lV) 476 1, Zr( IV ) 2757, V (V) 557 and V (IV) 
520 was achieved. 

Some multicomponent mixtures contain ing 
scandium(lll ) were prepared (T able I ). In these 
mixtures, scand ium(lll ) was extracted under its 

TabJ.: I - Separati on or scandiul11( lll ) rrol11 l11ulti co lllpOncnt l11 iXILII'l:S 

Meta l A l110unt AqueOUS phasc Ex tractant Stripping Chro l11ogenic li gand Rccovcry 
iOIl t;,k <: 11 (fIg) agt: llt (\ll.,J (Ik)" 

Se( lIl ) 30 1, 1-1 = s.n S x 10'" !II Cyancx272 in xy lcnc I M HNO, Arscnam( lll ) 99.5 
(67S nlll ) 

Y( III ) 30 p ll = 7.0 5 X 10--' M Cyallcx272 in xy l ~ ll c -lM I-INO, II rsenazo( lIl ) 99.:-: 
(650nlTl ) 

La( lIl ) 30 Un<:x tractcd A rscnazo( lll ) 9l:!.1 
(650n lll) 

Se( llI ) 30 p i I = 5.0 S X 10.4 M Cyanex272 ill xy lcnc 1 M HNO, Arscnazo( lll ) 99.0 
(67S nlll ) 

Y( III ) 30 111-1 = 7.0 S x 10.4 M Cyancx272 in xy lellc -lMH 0 -, A rscnazo( lIl ) 99.:-: 
(650nl11 ) 

Ce( IV) 100 Ullex tracted A rscnazo(lIl ) 99.7 
(66S nlll ) 

" Average or tri plicatc analysis. R.S.D. < 0.-1% 
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optimum extraction conditi on whil e yttrium(lll) 
which remained unextrJcteci in the Jqueous phase was 
re-ex tracted" . La(lll ) and Ce(l V) were not ex tracted 
under the extraction cond itions of sca ndiul11(111) and 
yttri um(m). 

Applications 

SJmples of USGS standard soil GXR-2, Japanese 
stream sediment Jsd-3 Jnd ashes from Hutti 
go ldmines in Karnataka (0.5 g of each) were treated 
with cone. HF and H2S04 in 5: I rati o at 150a C on hot 
plate. The res idue was co led and fu sed with 2.0 g of 
KHSO.1 for 45 min. The melt was ex trac ted with HCI 
and made up to a suitable volume and scandium(lll ) 
was ex trac ted JS per general procedure. Comparing 
the results obtained with those by ICP-AES indicated 
6.83 ~lg g.1 scandium(ll l) as against the reported value 
of 6.88 p.g g.1 in USGS standard soil sample, lO A pg 
g.1 scandium(lll ) in the Japanese strea m sediment 
sample while the reported value was 10.5 ~lg g.1 
scandium(lll) . Ashes from Huui go ld mines contained 
48.2 ~lg g.1 scandium and 48.0 pg g.1 scanclium(lll) 

was found by the present method. Recovery of 
scandium(lll ) was 99A ± OA% in all these samples . 
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