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A spectral methad of quantitative determination of cadmium in sulphide
minerals like sphalerite, galena and pyrite is described. Lithium carbonate
is used as buffer. Background intensity is taken as internal standard. The
method is useful in case of cadmiwm concentrations from 0-39% to 0-003%
and concentration of 0-001% can be detected. The values by this method
are reproducible with & maximum error of 99, and an average of 4-5%.
Accuracy of the method is 8-29,.

INTRODUCTION

Analysis of sulphide minerals for rare elements can be carried out by
chemical, polarographic, colorimetrie, spectral and other methods. For
determining chdmium, one of the rare elements, there is a chemical and also
a colorimetric method. In most of the cadmium determinations in sulphide
minerals like sphalerite, galena,. pyrite and pyrrhotite, either the chemical
or the colorimetric method is used. Determination of cadmium by chemical
method is a laborious and lengthy process and the results are inaccurate.
Colorimetric determination of this element, using dithizone (Saltzman 1953)
is definitely better and quicker than the chemical method; but the colori-
metric determination has got its limitations which make it unsuitable for
determining cadmium in mineral powders of very small quantities. In
colorimetric determinations for cadmium, we must have not less than 150 mg
of material and to attain high accuracy, it is necessary to separate some inter-
fering elements. Oxidation of dithizone, instability of standard dithizone
solutions and dithizonates, and the presence of heavy metals in reagents
and distilled water do not permit accurate estimation of cadmium by this
method. Moreover, determination of cadmium in sphalerite and galena by
the colorimetric method becomes difficult, as lead and zinc interfere in the
determination.

Polarographic method of cadmium determination worked out by Ktaus
and Novak (1938) is more accurate and more reliable than the colorimetric
method. Nevertheless, this method has got its limitations when the cad-
mium ,content has to be determined in monomineral fractions especially
when these are in minute quantities. Secondly, by this method, accurate
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results are not obtained in cases where the sulphide minerals contain appre-
ciable quantities of iron, e.g., pyrite, chalcopyrite and sphalerite, since iron
hydroxide precipitating from the ammoniacal solution adsorbs some cad-
mium, thereby lowering the result.

In order to carry out an accurate quantitative determination of cadmium
in monomineralic fractions of sulphide minerals, a new spectral method was
worked out in the Geochemical Laboratories of Moscow State University.
In literature, there are instances when cadmium was determined by spectral
method; but they are only of semiquantitative nature (Stoiber 1940; Warren
and Thompson 1945; Fryklund and Fletcher 1956).

QUANTITATIVE DETERMINATION OF CADMIUM

The main difficulty with sulphide minerals in spectral excitation is the
fact that in the process of oxidation of the sulphide minerals, much material
is lost due to the escape of sulphur dioxide. It is necessary to prevent such
loss of material, which very much affects the final quantitative estimation.
It has been experimentally found that cadmium, though it belongs to the
volatile element group, volatilizes completely from a sulphide mineral, during
spectral excitation, in three minutes. In a quantitative determination by
spectral method, if the element completely volatilizes from the powder in
a short time, the results will be more accurate. Thus, in order to stabilize
the spectral flame, avoid loss of magerial from the electrode, facilitate steady
excitation, and to shorten the period of complete volatilization of cadmium
from the material, it is necessary to add a buffer material which can improve
the burning qualities of the flame. Since the analytical line of cadmium
3261 A is situated near the Cyanogen band of the spectrum, the background
due to Cyanogen band has to be reduced to increase the semsitivity of the
determination. Taking the above into consideration, various materials were
tried as buffers. The compounds of alkali elements are more suitable to be
used as buffers because of their property ‘of reducing the Cyanogen band
background and stabilizing the flame. Two‘compounds, potassium persul-
phate and lithium. carbonate, were found to be quite satisfactory as buffers.
The sulphide powder, when mixed with any one of these two, burns steadily
without epluttering and consequent loss of material. With carbonate of
lithium, the sensitivity also is increased and cadmium content below 0-0039%,
up to 0-0019%, can be detected with lithium carbonate whereas with potassium
persulphate such detection is not possible. In the presence of lithium car-
borate, cadmium wvolatilizes both from the standards as well as from the
mineral powders in less than two minutes (Fig. 1).

Synthetic standards were prepared with the base material of either the.
corresponding sulphide mineral or chemically pure sulphide, reprecipitated
to free it from cadmium. In minerals like galena, pyrite, chalcopyrite and
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pyrrhotite, a sample of the mineral free from cadmium can be chosen whereas in
sphalerite, chemically pure sulphide of zinc, freed from cadmium should be taken
since selection of sphalerite sample free from cadmium is almost impossible.
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Fia. 1. Volatilization curve for Cd—3261.06 A,

(1) 40 mg sphalerite without buffer at current

strength—10 amps,
(2) 40 mg sphalerite without buffer at current

strength—16 amps.
(3) 30 mg sphalerite with 10 mg of h’ohmm
carbonate at current strength—10 amps.

Standards were prepared with varying concentrations from 3% to
0-0001% of cadmium. Cadmium in the standards was added in the form
of sulphide. In the case of cadmium determination in sphalerites, the mineral
powder may be diluted with zinc sulphide free from cadmium, in case a pre-
liminary excitation indicates a large concentration of cadmium in the mineral.

The mineral powder or the standard is mixed with the buffer carbonate
of lithium in a ratio of 3:1. Weight of the sample taken, after mixing with

- lithiom carbonate, is 40 mg.
Determination of cadmium was carried out on a gquartz spectrograph

ISP-22, of medium dispersion (U.S.S.R. make). Excitation was carried out

under the following conditions:
Spectrograph:—ISP-22 (U.S.8.R. make).
‘Electrodes :—+Spectrally pure electrodes (U.8.8.R. make). Lower electrode:

Diameter 3 mm and depth of the cavity 8 mm.
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Slit width:—0-008 mm.

Distance between the two electrodes:—3 mm.

Source and nature of excitation :—Direct current of 220 volts with current
strength at 12 amps.

Nature of excitation:—Cathode layer excitation.

Time of excitation :—T'wo min.

Plates :—Spectral plates for scientific purposes, Type I1, with sensitivity
16 (U.S.S.R. make}).

Developer :—Metol-hydroquinone developer.

Development :—Five min. at 20° C.

Background served as an internal standard and the most sensitive line
of cadmium, 3261-06 A was taken in the determinations. After developing
the plate, it was dried at room temperature in a dust-free room. Density
measurements of analytical line, cadmium, 3261-06 A and background were
carried out on a microphotometer, M.F.-2 (U.S.S.R. make). Density of
the background near the analytical line was measured.

Graduated curves were constructed using the method of Three Standards.
The basic principle underlying this method is that spectra of not less than
three standards and also the powders under investigation should be photo-
graphed on one and the same plate. By thus photographing the spectra of
both the standards as well as the mineral powders on the same plate, the
errors due to the plate density, nature and time of developing are nullified.

The following equations serve as an analytical expression of this method :

8 =7blog C+7loga .. .. .. ()
A8 = 8—8y = vblog O+ log a, ce e o (2

where 8 = density of the line under study,
8, = density of the line of internal standard,
C = concentration of the element,
¥ = coefficient of plate-contrast,
@, b = physical constants,

The value of @ depends on the transfer of material to gaseous state and
it remains constant under the given conditions of the experiment for similar
materials. The value of b depends on the self-absorption of the excited
atoms inside the flame. For spectral lines, not experiencing self-absorption,
b=1.

The first equation is taken into consideration, when determinations are
carried out according to absolute blackening of the spectral lines, while the
second equation—according to- the difference in the densities of the line
under investigation and the internal standard (background, intensity). Since
in the above-mentioned equations, the contrast coefficient v also goes in,
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these equations are applicable only for a given spectrai plate on which
standards and the samples are photographed under similar conditions. For
such similar conditions, the above equations can be rewritten as ‘

-

S=f(logC) .. .. .. .. .
AS = f(log C) .. .. . . @

In the present case, the equation AS = f(log C) is applied in carrying
out the quantitative determinations of cadmium. In this equation AS is
the difference in the intensities of the cadmium line and the background,
and C the concentration of cadmium. AS is plotted on the Y-axis and
log C on the X-axis. o

The graduated curve is shown in Fig. 2. After measuring the density
of the cadmium line, and that of the background near the cadmium line,
the corresponding concentration for each sample can be obtained from the
graph. In order to increase the accuracy of the determination, each standard
and each sample powder is excited thrice and the average of these three
taken. From the graph it is evident that for concentrations from 0-3%, to
0-003%, a straight relationship exists between A S and log C.

TasLe T

Resulis of cadmium determination in sphalerites on

different plates

Number of Cd, % Ca, % . Error,

the sample (Plate I)  (Plate II) Difference o,
1/73 0-178 0-158 0-020 60
1/68 . 0-187 0190 0-003 1-0
1/5 0332 0-302 0-030 47
1/4 0310 0-348 0-038 60
1/2 0-240 0-200 0-040 90
11 0317 0-316 0-001 0-16
1/74 0178 0-170 0-008 2-3
/3 0-364 0-356 0-008 i1
1/72(a) " 0-182 0-156 0.026 77
1/134 0-158 0170 0-006 40
1/61 0174 0-148 0-026 80

In order to test the reproducibility of the experiment, a few samples
were photographed on two different plates. Results of these analyses are
reproduced in Table I, and reproducibility is good with a maximum error

of 9%, and an average of 4-5%.



6 RAO : DETERMINATION OF CADMIUM IN SULPHIDE MINERALS

2.0r
1.5+
'
v L
Q 1.0
Q-5+
O__ - — 1 . -
30 3.5 2.0 2.5 [He] 1.5
Cd. LOG C

F1a. 2, Working curve for cadmium determination (Cd—3261-01 A).

In order to determine the accuracy of the method, three samples of
known concentration of cadmium, 0-5%, 0-1% and 0-03%, were analysed.
The results of these analyses are given below :

. Concentration
Concentration determined in Error, 9 Average error,
takenin 9% 0y s %
7
0-5 0-443 —11:5
01 0-106 4 6 82
0-03 0-032 + 7

The accuracy of the method is +8-29%,.
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