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Note 

Reversed-phase extraction chromatographic separation of scandium from 
the rare earths, uranium and zirconium 

Reversed-phase extraction colun~ ; chromato~l-mph~ has already hem applied 
1-m the separation of actinides. lanthztnidcs and light transition metals: IiOi\tZVtX_ 

little ini-ornxrtion is available on the separation ofscandium h\t this technique. Hisham 
and El klohanm~edl used a column of hydrophobic Celite loaded with his-(2-eth\-l- 
hcsyl) phosphate for septtratin g scandiunl isotopes from calcium in media of hydra- 
cMoric and nitric acids. A C~lllliOsC coltmm impregnrtted with trioctvlpliosplii:ic osidc 
1~~s used ti,r the sepamtion of trace 3niounts of many ctttions. iticlttdinf scnndirtm. 
in media of hvdrociiloric, nitric and phosphoric acids’. Scandium. protactinium. 

zirconium. hafnium. zinc and crtdtniutn {Let-e retained on the colu~nn from S ~1 
hydrochloric acid_ hut altm~inium_ Isnthanutn_ ltttctium_ nickel, chromium. manga- 
nese and arsenic \vere not_ Scandium togl_eIher with zirconium and haliiium xas tlutt‘d 
with 4 X phosphoric acid. 

Erinknxtn and Dr Vries” ha\-c invcstigatcd the thin-layer chrom~tto~-r,Iphic 
heha\-iour of 25 ions. including sCandirm~_ on silica gel impregnated with high-m&c- 

ular-wei&t amines in media of sulphuric acid and anmoniun~ sulphate. A colutnn 
irnpregmted with a \~eakly basic liquid aniorl-escliangcr of the amine type, !wv.cver_ 
!xs seidom been used for the separation of scandium. In this paper. the reverscd- 

phase extraction colunin cliromrto~r~pliic bchaviour ol~scaticiiutn and the other rat-c 
earth metals on silica gel impregnated with Amherlite LA-2 (Rob & ~ktas. Plzilaclcl- 
phi::_ Pa.. ti_S.A.) in sulpl:n~c media is described_ and :i procedure is &velopcd for 
the separation of scandium from the other rare earth tnetals. uranium and zircot;iutn. 

EXPERIMESTAL 

Stock solutions of scandium(III)_ lantl~anum(III). europittm( III), erhium( III) 
and yttrium(II1) were prepared by dissolvin g appropriate amounts of the respective 
oxides in smaii amcxmts of Z .I2 sulpliuric acid. cvaporarin, 0 to dryness anti dissolvinp 
the residue in a volume of0.05 :?1 sulphuric acid such as to give 1.09, I -0-t. 1.20. 1.03 
and 1.23 rns of metal per ml. respective&. 

Appropriate amounts of zirconium( IV) and urtlnium(VI) sulphates \vere dis- 

solved in 1 :I2 and 0.05 42 sttlphuric acid to give 1.33 and -I.05 mg 01~ metal per ml. 
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respectively_ The concentrations of the solutions were determined by compfesometric 
titration with EDTA. 

Amberfite LA-X, pre-washed with water to remove a water-soluble component, 
was diluted to 20% (v/v) with distilled syfenc and convcrtcd into sulpfute hymn IS 
described previousfJA_ &e-coating 01‘ the support was accomplished by mixing 120 g 
of purified silica gel” (Fuji-Davison, Tokyo_ Japan), 100-200 mesh. with 150 ml of the 
Amberlite LA-2--sylenc solution and evaporatin, 0 the niisture to dryness under an 
I K lamp. with occasional stirrin,. ‘7‘ the gel so impregnated \vas stored in ;I desiccator 
containing saturated potassium bromide solution. 

The impregnated gel (S g) \vas made into a slurry with the efuent to be used 
md poured into a conventional coiunin (20 cm .-. 1 cm I.D.): the resulting bed 
height was asuttffy I5 CM_ Before use. the cofunm was wasf~~i v-it11 several cofumn 
volumes of tlic cluent. 

The san~pfc solution (10 ml). adjusted to 0.015 :\\I in sufpkuric acid and I .O ;\I 
in ammonium sulphate. was applied to the top of the column_ tv!lich had previously 
been treated 11 it11 the same acid sulphatc solution_ and the column RZS wasf~eJ Y\ ith 
30 Ill1 of 0.025 :if sufpfittric acid-! .O i\l aIlllllOlli~Iill SiIlpfi~ltC safutian to remove 
terwfent rare earths. The scandiwn( I I I) \vas then stripped from the cofun~n with 
50 ml of the same solution_ Then zirconium( IV) and/or uraniun~(Vf ) \verc efutei 
with 30 ml ot‘ I 31 perchforic acid. All efutions were carried out at I.0 mf/min. 

RESULTS XSD I~ISCUSSIOS 

To in\-estigate tlw efution brhaviour o!‘ europium( I I I ) and scrmdium( I I I) in 
sulphatc nledilinl. m. I mg ol‘each cation \vas applied to the top of the column. and 
elution wis ctrrried out \\ itfl ;mnioniuni sufpfiate solution at various concer;trations. 
the concentration of f-rce sulpfwric acid bein g kept constant at 0.025 ;Ii. The CLIIIIU- 
lative clution curves are shown in Fis. 1, from \v!licfl it c;iTt be seen that the points 
of both breaktfmx~~f~ and complete efution ol‘thr cations occur earlier :IS the COIICCII- 
tration ot‘ sufphate increases. The uidths 01‘ tfx adsorption bands of curopium( 111) 
and scandium( I I I) on the column decrease \x ith increasin g sulphatc cancer:trotinn. 
and there are also considerable ditlkrences in adsorption bet\vsen curopiuru( I I I) and 
scandium( I I I) over the range of sufpfwte concentrations tested. 

In order to twIGeve good sepsratian of t\vo metal ions_ it is important tfmt the 
separation tkxor. which is detined bv tflc ratio ot‘ tfleir distribution coetiicients- 
I:, :=: K,~,/K+ should be large. The value of the distribution coetkicnt. I\‘;,, was cal- I 

culated by the tbllowing equation for each cation: 

h;/ .. ( b;L,;,s. - l’;,)/:lf 

cfiers !:,,z,,_ is the ~ofunie of nlasinliun efution. I;;, is tfie void vofumc of the cofunin 
and :\I is the nxtss of adsorbent in tile cofunm_ The Hector 1~::. calculated ti-om t!rc 
data on the efution befmviour in 0_025 N sulphuric acid-f dl amtnonium suiphate 
medium. \Y;IS 6.2. ix.. large enough for good separation of sc:mdium( I I I) from euro- 
pium( ill) on the Amberfits LA-2 column. Tile otfier tcrvafent rare earth metals cere 
not adsorbed on the coIumn to an> r ertxtt estent. it has been reported tlwt uraniunl _ 
(VI) and zirconium( IV) are almost completely adsorbed on ii silica gel colunm ini- 
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Fig_ I. Cumulative durion curves for ruropium and scandium with the free acid conccntmtion con- 
stant at 0.025 ~12 sulphuric acid. Concentration of ammonium sulphate: 1 7.. O-01 JI: 2 -my 0.1 JZ: 
3 =. 0.5 :\I: 3 = 1.0 :\I_ 

TABLE 1 

SEPARATION OF SCANDIUM FRO&i LANTHANUM. EUROPIUXI, ERBIUSI, YTTRIUMv 
URANlUXl AND ZIRCONlUM 

_-lrirhl ( trr.si 
1 .OY 
1.0’) 
0.22 
0.22 

1 .OY 
1 SW 
0.22 
0.22 
iI_77 

1.09 
I.09 
0.22 
0.22 

I .OY 
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1.09 
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027 
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Zr!lV) 
Zr( IV) 
Zrliv) 
Zr(IV) 

1 .lu 
0.21 

1.0-l 
5.23 

1.20 
O-24 
1.20 

4-7s 
9.57 

l-03 
0.21 
1.03 
6-19 

1.23 
0.25 
I-23 
4.9s 
9.96 

1.01 
4.05 
4.05 

10.1 

1.34 
0.27 
I.34 

13.4 

1.05 
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I .0-l 
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0.24 
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4.76 
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I.04 
0.21 
1 .os 
6.X! 

1.23 
0.26 
I.23 
4.99 
9.95 

1.02 
3.YY 
4.07 

10.1 

1.39 
0.27 
1.34 

13.4 
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pregnated with Amberlite LA-_ 7 from acid sulphate media in the range of concen- 
trations tested and that these metals tan be removed from the column by elution with 
1 AI perchloric acid’r-7_ 

The flow-rate of the eluent does not affect the chromatographic separation over 
the range 0.7-1.5 ml[min. The results for separations of scandium(1 I!) from other 
tervalent rare earth metals, uranium(V1) and zirconium(lV) are listed in Table 1, 
from which it can be seen that scandium(lI1) is separated from larse amounts of the 
other ions. Over-all recoveries (+ standard deviations) for scandium(Ill)t lanthanum 
(III), europium(Ill), erbium(III). yttrium(II1). zirconium(IV) and uranium(V1) are 
estimated to be 100.2 & l-5, 99.3 & 1.3, 99.6 f 0.3, 100.3 + 1.9, lOO_S 5 l-4_ 
100.9 & l-4, and 100.2 2 0.5 “/1’,. respectively. 
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