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t
Mn, Sc, Ta and W present in cassiterite were determined by non-
destructive neutron activation analysis using p-ray spectrometry.
Lanthanides, U, As and Sb were determined after radiochemical
separation. Experiments with radioactive tracers for checking radio-
chemical separation yields were carried out. A discussion on the pre-
cision, accuracy and sensitivity of the method is also included.

INTRODUCTION

As it has been observed by Bowenl, neutron activation had not been ex-
tensively used for analysis of tin ores. Bowen1 and Djojosubroto et al.
applied this technique to analyse tin ores from Indonesia, the main source
of tin in the world. Bowenl, by using nondestructive activation analysis
determined W and La quantitatively. As, Fe, Gd, Sb, Ta and Tb were only
detected qualitatively. Djojosubroto et al. = determined V by non-destructive

activation analysis, and Zr, Hf, and Ta after chemical separation.

b

*From the Dissertation submitted by M. J. Armelin to the Institute of
Chemistry, University of Sio Paulo, in partial fulfilment of the require-
ments for a Master of Science Degree. Work supported by the Brazilian
Atomic Energy Commission.
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Even though these authorsl & applied both, non-destructive and destruc-
tive techniques, some elements present in cassiterite at trace lével were
not quantitatively analysed.

This paper presents a radiochemical separation method based on the
works of Maen\haut et al.3 i for the analysis of metallic tin. The main dif-
ference in the analytical procedure carried out here is the sample dissolu-
tion, because tin is easily dissolved in acids. but cassiterite needs fusion.

The scope of this paper was to develop an analytical method for the de-
termination of minor and trace elements in cassiterite, and that would

allow geochemical comparison among samples from different sources.

EXPERIMENTAL

Sample preparation

The white particles (quartz) of the ore sampleé were handpicked, After
sample homogenization about 10 g was washed with 4M HCI solution, de-
ionised water and then dried at llOOC. The dried samples were ground in

an agate mortar and wrapped in an aluminium foil for irradiation.

Apparatus and reagents

The counting equ{pment used for 7 -ray spectrometry was:
1) TMC Model 406-2, 400-channel anal_yzer coupled to a wéll—type

3" x 3" Nal(T!) scintillation detector.

-

2) Hewlett-Packard 4096-channel analyzer coupled to'a cqaxtal--27.8 cm3

Ge-Li detector, ORTEC, Model 8001-0521. The energy resolution of the

ol

: 60, «
system was 3 keV fwhm for the 1332 keV ~ Cq line.

SR g | *
A distillation apparatus like that described by Maenhaut et al.  was'

used for the separation of As, Sb and_Sn:' - :
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Preparation of stock and standard solutions

Stock solutions with 10 mg/ml of elements to be analysed were prepared
by dissolution of the elements or their oxides in suitable reagents. Alterna-
tively, when it was possible, the solutions were dried and the residues were
dissolved in deionised water. Standard solutions were prépared by dilution
of stock solutions. From these solutions, aliguots were taken in order to

prepare standards for irradiation, as well as to be used as tracer solutions.

Qualitative analyses

Irradiations (about 100 mg of sample) were carried out at a thermal neut-

12 -2 -1
ron flux of 3 x 10 ecm s = for 15 seconds to one minute periods. Acti-

52 94m - 561 N
vities of the short-lived 'V, Nb and  Ti were not detected. Irradia-

tions of 30 minutes and a decay period of about 3 hours allowed the 846 keV

56 i
Mn photopeak identification in the y-spectrum. After 15-20 hours decay,

182 187 46 140 .
identification of Ta, W, Scand  La (in 2 samples) was possible,

76, . 122
As and Sb activities were detected after radiochemical separations

were carried out in samples irradiated for 8 hours. The non-volatile ele-
ments were identified in the bromldes distillation residue. The complexity

182
of the Ta spectrum would make detectton of the lanthanide radioisotopes,

239 233
- Np and Pa rather dlfflcult However, after precu)ltatlon of the lantha-

153 141 143 . 169 140
nides as fluorldes, the detection of Sm, Ce, Ce, Yb, La

239, 233
Np and Pa was made possible.

Procedure

1) Non-destructive activation analysis

Standards of Mn, Ta, W, Sc, La, and‘.lﬁo rﬁg ore sample were irradiat-

ed for 30 minutes w1th a thermal neutron' flux of 5x 101‘3 m_2 s_i. After

2-3 hours decay period (determ_ination of Mn) and 15-20 hours decay periods
the ,_3"—ray:-spectrum"wés recorded using the Ge-Li dbtecto_}'. Results are

shown in Table 1.
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2) Activation analysis with chemical separation

About 100 mg of tin ore were sealed in a polyethylene envelope and
activated for 8 hours. Standards of each element to be analysed were also
placed"m a heat-sealed polyethylene envelope and were activated simulta-
neously with the sample in a flux of 3 x 1012.11 cm_zs_-1
| The irradiated sample, after a 20 hours cooling period, was transferred
into an iron crucible containing 2 g of N3202 and 1 mg carrier of the ele-
ments Sb, As and La (as oxides). The mixture was melted, cooled and
leached with water and transferred to a distillation flask. Thé crucible
was washed with 1M H280‘1 and the solution was also transferred into the
distillation flask.

Distillation was carried out as described by Maehhaut et 31.3. Two
‘traps were connected in series with the apparatus, the first one with 25 ml

of concentrated HCI and the second containing 25 ml of 6M HCI solution,

‘Distillate analysis

‘ After adding 20 mg cdrrier of As and Sb to the solution, As was pre-
:fcipitated as A5253 using thioacetamide. Sb _.was separated from Su in the
155283 'filt:rate, by reduction with iron, as described by Maenhaut et al. 3.
Arsenic activity in the precipitate was compared with the activity of the
standard, Reduced Sb and iron were dissolved in 6M HCI solution. Sb stand-
ard was also dissolved in an equal volume of 6M HCI solution. The activi-

tiés of both sample and standard were determined and compared,

Analysis of distillation residue

Before remoﬁng the residue from the distillation flask, 10 mg of hyd-
roxylamine and 20 ml of water were added. .The mixture was heated and,
after dissoiht.idn,’ it was transferred to a teflon beaker. Lanthanide fluorides

were precipitated by addiﬁg HF and NH4OH until pH = 5. In this way, co-
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precipitation of Sc as fluoride was prevented. After standing overnight, ﬂd
precipitate was filtered and the gamma spectrum was recorded with a Ge-]
detector. . .

-5
Determination of chemical separation vields )

~ The procedure was tested with inactive ore samples and radioactive

tracers. To the iron crucible containing the ore sample and Na_O_, radie-
: 152-154 f
active tracers of each element anabysed were added; Eu was used
TABLE 2
Chemical yields of the elements
Element Yields
As ‘ 95.1 + 2.2
Sb 86.0 + 3.2
K Lanthanides 96.7 +1.7
. 239
Uranium ( Np) 91.7 +2.6

Means and standard deviations for 8 determinations

TABLE 3 -

Analysis of artificial sample

Elements . Added Found
(ug) (ug)
o As "o 0.16
; - ) : . egs ) -3
Sb _ 5.0 x 10 5.1 x10
La ©8.60. 8,43 4
Ce _ 45.2 ' 47.3
Yb . 2.1 ’ ‘2.1
sm . 1.8 17
U . 0.04 0.04 1
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‘as tracer for the lanthanides. The yields of chemical separation were com-
iputed by comparing the added and recovered activities. Table 2 shows the

separation yields. In order to verify thtJa accuracy that may be expected with
the correction introduced by means of separation yields, an artificial sam-

ple was prepared and analysed. Added and found values are shown in Table 3.

Interferences

The following nuclear reaction must be taken into account when Sb is

determined in tin ores by neutron activation analysis:

120 121 12 12
Sn{n,7¥) Sn 1Sb(n.;!) 28b

- 123

22811([:, y )1238[1 Sbin, )124Sb

Corrections were ;nade to the lzsz activity by using the values obtained
by Op de BeeckS, since irradiation time, thermal neutron flux and thermal
to epithermal neutrons ratio, in the present work, were the same ones as ‘
used by Op de Beeck5. Results for the elements analysed with chemical

separation\are shown in Table 4.

D[SCUSSTOI\?

The main difficulty of cassiterite analyses', in this work, came from
the high Ta content. The complexity of the 182Ta 7-spectrum hindered
the dle'tectiQn of elements probably present in cassiterite samples, like Fe,
for i.nstance. 182Ta also restricted the possibilities of non-destructive
analysis,‘.since oniy Mn, W,_ Sc and La‘(samples I and II), blesides‘Ta, could
be determined with a good precision (Table 1).

Ch_emical separation )}ieic!s, determined with radioa_ctive tracers, showed
.a good precisi‘g)n, as may be seen from Table 2. Howevér, determination

of thorium was ‘not possible by using the chemical separation scheme present-
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ed in this paber, because 233Pa is only partially coprecipitated with lantha-
nide fluorides and the results showed a poor precision. Artificial sample
.analysis (Table 3) pointed out the accuracy of results for the elements de-
termined with chemicél separation. Good precision and accuracy were also -
shown by the values obtained for La in samples [ and'II, since there is a
gooci aéreemen_t between results from analyseé without chemical separation
(Tabie 1) and with chemical separation (Table 4).

D_c\termination limits, calculated by Currie’s criterione, depended on
sample‘éomposttion when non-destructive analysis was used. In the case
of separated fluoride group, determination limits depended also on the

b

group composition as well as on the proportions of the various lanthanides

AY
Ay

TABLE 5

Determination limits in cassiterite samples

i

N Element - Determination limit (ppm)
e Mn 0.1—6.0
Ta 16 — 21
W 0.1 —1.4
. Sc 0.4 —0.7
: ) As 0.001 -
Sb | 0.001
Sm 0.03——0.30
e ¢+ Ce 0.6 — 10 ‘
: Yb 1 — 4
) La 0.1 —20
v U 0.01 —0.08

Cooling _timés at which elements were detérmined: Sh(M'n}; 20h (Ta, W, Sc);
48h (As,Sb); 70h(Sm,Ce, Yb,La,U) _
" founting time: 4 min (Mn); 50 min(Ta W,Sc¢c Sm,Ce, Yb, La, U); 100 min (As, Sb)
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that were present. The detection limits found for a 100 mg sample are pre

sented in Table 5, where the minimum and maximum values, when there

~was not individual separation, are shown.
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