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Radiometric Analysis of Scandigm
B. 0. Puarkayasths and K. N. Dutia

In conlinuation of the mudy on the estimation of scandium as pyrophosphate by radiometric procedure
a lower limit of »~ 55y has becia reached using p3® a3 a measuring indlcator. As low as 0.9 mg of scandium
has also been estimated using Se4€ of high specific actlvity. Tervalent race earths and yttrium, bivalent ions
like Fe (II), Cd (II), Be (II) do not interfere in the estimation, whereas Fe (IT1), Al (TIIT)interfere to a can-
siderable extcnt. Pyrophosphaic of scandivm with two different compositions such as: ScHP,O, and Sc,
(PaO4)y have been observed in the conrse of the siudy. The precipitals assunres the former composition in
prescnce of excess of pyrophosphate and the laiter in presence of excons of scandium.

Scandium has been separated from a complex mineral like beryl mainly through coscparation with
ceri¢ pyrophofphate using 8¢45 o3 an indicalor throughout the procedure. The icparation procedure il very
convenient and i successful even with trace amount of scandivm.

Most of the methods deseribed in the literature for the estimation of scandium involve
the estimation of macro amount of scandiam'-*. y-crder of scandium can, however, be
determmed spectropbotometrioallyt. The present study is a sontinnation of the previous
work? on the radiometrio estimation of scandiom as pyrophosphate. Concemtration and
purification of ecandium through cerio pyrophosphate® and subsequent estimation as pyro-
phosphate has also been attempted.

EXPERIMENTAL

Carrior-free P** was supplied by D.A.E. Trombay. 8c*6 of high spesific activity was
procared from Messra. Philipe Duphar, Holland.

Labelled pyrophosphate was prepared by adding carrier-free I** Lo a solution of
disodium hydrogen phosphate, eveporating the solution and heating at 500° for 5-6 hours?.
A mixture of Na,P,0, (sbout twice the amount required by the formula BcHP,0,) and an
excens of KT solution was added to a mixture of T1 I and acandium solution and pH was
adjusted to 4-5 by ammonium acetate, The precipitate of Tl I (which carried BcHP,0,)
was coagulated by gentle warming. The volume Was adjusted to 25 ml and an aliquot was
pipetted out for aotivity measurement. From thia the Na,P,0, left in solution was
computed.
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In the estimation of scandium with S804, about half the quantity of Na PO, as reqult-
ed by the formula Be, (P ,0,), was added to a scandium sclution containing Bets activity.
From the loss in activity, the amoant of seandium present in solution was calculated on
the assumption that all pyrophosphate wes precipitated as Sc, (P,0,),.

Beryl was procured from Mesars. Starke & Co., New Delhi. It was found to contain
8i0, 61.3%, BeO 12.8%, Fe,0, 3.5%, A),0, 20.3%. It was ground to 100 mesh,
fused with NaOH, cooled and taken with hot water. Alkali wan neutralised with HCl and
was heated with perchlorie acid to fumes to separate silica. H.8 was passed to remove
Group II elements, and the excess was then boiled off from solution. Gaseous ammonia
waa paased and the hydroxide precipitate was dissolved in nitrio acid to get the final acid
concentration 2-4N. A solution of corio sulphate [60 mg Ce(1V)] was added and cerlum
was precipitated as iodate with an exvoss of potassium iodate solution. The precipitate
was filtered off. Excess iodate was removed either by boiling with potassinm iodide or by
precipitating beryllium hydroxide with ammonia which carried scandium. An aliquotof
cerio sulphate sclution was again added and coriwm was precipitated as pyrophoephate.
The precipitate Was separated and dissolvedin acidic hydrogen peroxide. The solution was
boiled with 20%, nitrio acid for scveral hours to convert pyrophosphate to phogphate. It
wasmade smmoniacal, the precipitate was disolved in dilute H,80,, and scandium was esti-
mated in the usual way. Be*8 activity was used throughout the procedures to detect any
loss of scandium at every stage and as a measuring indioator in the estimation procedure.

TABLE I

Hatimotion of Scandivm or Pyropliosphale by Sce,
Final volume=26 ml. Agid conoentration=0.15N H,8O,.

Scandium  Na PeOr Interfering Scandiom Na,PuOy Error
taken(mg) added (mg)  ions (mg) found (mg)  foond (mg) (%)
15.280 $5.00 — 14.730 33.78 35
7640 16.46 - 1.74 16.658 1.2
5.280 12.10 - 5.14 11.761 28
2.564 7.00 - 2.586 7.056 0.8
1.282 2.244 — 1.247 2.190 2.4
1.112 2.244 et 1.110 2.211 0.2
0.513 1.112 — 0.529 1.187 3o
=0.278 0.659 - 0.272 0.647 2.0
»0.112 -_ - 0.126 — 13.0
7.69 16.46 Ce (I1I) 100 2.61 16.295 1.0
2.564 7.00 100 2.564 7.00 0.0
1.282 3.50 25 1.258 3.4l6 2.4
1.112 2.244 Al 25 1.226 2.469 10.0
1.112 2.244 25 1.277 2.581 15.0
1112 2.244 Fe(®ll) 10 1.9 — 71.2
2.244 4468 Fe (11) 25 2.200 4.443 1.0
1.112 2.24¢ 25 1.149 2.311 3.0
1.112 2.244 Cd 25 1.13%0 2.284 1.8
1.112 2.244 13 1.080 2.186 2.6
1.112 2244 Y 10 1.140 2.307 2.8
1.112 2244 Be 13 1.108 2.226 0.3
1.112 2.244 NaHPO, 13 1.114 2.248 02
1.112 4.488 15 1.117 4.303 0.4

*pH was raised to 4-5 with smmonium scetato. Scandium pyrophosphate was carried by T1 1.
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Eetimotion of Scandium as Pyrophosphals using Ph.

Scandivm
taken
(mg).

0.112
0.112
0.112
0.056
0.056
0.056
0.0112

TABLE IT
Scandium Error

found (%)

- (mg)
0.110 1.8
0.113 0.9
0.113 09
0.052 70
0.0536 a0
0.0538 30
0.0075 330

FH was adjusted between 4 and 5 and scandium pyrophosphate was carried by T1I.

TABLE IIT
Analysis of Scandisum Pyrophosphale.
Found (%) Ratio

Sc PO, H.O 5c PaOy#: : H,0

L. Prepared in excess of scandlum.

(e) at ordinary temperature

17.03 49.2 33.77 4.02 1 3 20

(5) at 300°C.

25.51 71.86 2.63 4.11 1 3 : 1.08

2. Prepared in excess of pyrophosphate

(mt 300°)
19.05 2.0 8.36 1.02 H 1 : LI2
TABLE IV
Recovery and Esiimation of Scandium from Beryl.

Sample of beryl Scandium mixed with Recovery 9%, Scandium found

taken (gm). beryl (mg). (mg)

1.3800 Tracer Sc 86 No precipitate with

Na,P,Oy

2,3375 1.000 89 1.050

9.1863 0.609 €3 0.640

1.2113 1.000 76 1.023
*1.3265 0.756 81 0.783
*1.5231 0.756 » 0.790

*In these caves beryl was mixed with about 10 mg. of Nb, Ta, Zr and T1 and was fmsed with

alkali.

DISCUSSION

Tablo I shows that as low a8 0.5 mg of acandium can be estimated with a fair degree
of acouracy using So4® as a measuring indicator. It may be stated that rare earths and
yttrium do not interfere in such estimation. Bivalent elements like Be*t, Fet*, Cd*t, ete.,
also do not interfere. But tervalent elementa like Fet*+ and Alt* do interfere to a consi-
derable extent probably due to complex ion formation. An interesting applieation of the
method lies In the quantitative eatimation of pyrophosphate in presence of phosphate.



210 B. C. PURKAYASTHA AND K. N. DUTTA

Previovs to this study, the possibility of estimation of scandium as pyrophosphats
using P* a3 8 moasaring indicator was established in this laboratory and upto 1 mg scan-
diom was estimated with a fair degree of accuracy. The aspplication of Pt in the esti-
mation of still lower amounts of seandium has been illustrated in table IT. This has been
poasible by uning & suitable carrier like thalloue iodide. Keeping the 2H between 4 and 6
and carrying scandium pyrophosphate by thallous iodide, upto 58y of scandium has been
eatimated. Thallous iodide acts as & faithful carrier of both the forma of scandium pyzo-
phosphate. That the oarrier and the gueat have & morphological relation is well ilustrated
by the faot that undor identical conditions silver iodide does not carry scandium pyro-
phosphate to the desired extent.

In the course of this work it has been eonfirmed that there are two pyrophosphates
of scandium, so far as the ratios of 8o:P 0, are concurned, namely, 8oHP,0,,3H 0 and
Bo,(P,0,),,x H,O (vide table IIT). Tho former s precipitated in presence of excess of
pyrophosphate and the latter in exoess of scandium. The former was described by G.
Beok?® and the latter one corresponds to the recent observation by B. Hajeck’. On
heating to 200°—300" the compounds assumo the compositions 8cHP,0,, H,O and
804(1,101)!) H,O respectively.

It Lhad heen cbsorved earliers that the pariition faetor in the uptake of scandinm
tracer by zirconium and ceric pyrophosphate as hosts is much higher than unity. Puri.
fioation and eoncentration of scandivm through coprecipitation with cerie pyrophesphate
from & cymplex mineral like bery! has beon found to be a saccessful method. Use of Bat
in such separation helps in tracing the loss of scandium in each stage and in estimating
scandium radigmetrically when the recovered amount excecds 0.5 mg. Spectrosoopic
determination with some varieties of Indian beryl has shown that scandium content'
is of the order of 10-4—10-5 per cent. Estimation of such & low smount of scandium is
beyond the scope of the present method. The feasibility of this method of separation of
soandium has therefore been veritied by prior addition of known emounte of scandium
to beryl (table 1V). By this method traco amounts of acandium can also be recovered
and subsequently estimated by mothod of metivation.
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