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ABSTRACT.

The carbon arc cathode layer method has been applied to the determination of gallium
in nine different samples of Indian bauxite by means of the Hilger El Quartz Spectrograph.
Details of a suitable arc stand designed for very minute arc regulation and efficient operation
of the cathode layer method, of Twyman-Simeon lens arrangement and of other necessary
equipments are described. A consistent operating technique is adopted in the preparation of
standard comparison spectra of gallium in the range of -059, to -00019, and of the sample spectra.

The blackness of the Ga-line 2943-7A with proper background correction for each spectrum
plate is obtained with a photo-electric non-recording microphotometer, A calibration curve
is drawn relating the corrected blackening values and concentrations of gallium obtained from
the standard plates. Percentages of gallilum in the bauxite samples are estimated by inter-
polating the corrected blackening values of the Ga-line in the sample spectra on the calibration
curve. That the method gives reproducible‘data is proved by the fact that duplicate spectra
of the same standard mixture and also of the same sample are almost identical.

INTRODUCTION.

Lecoq de Boisbandran discovered gallium spectrographically. Ultimate lines

of gallium, according to Gramont were situated in the violet, 4033-014 and 4172-054.
Bertrand (1941) found that because of the presence of a continuous background
in the violet, these ultimate lines were not visible. So these lines could not be
utilised in the case of pure metallic gallium. According to Bardet (1926) the ultra-

violet lines 287424 (coincident with an iron line) and 2943-78 permitted to recognise
one by one hundred thousand of gallium in aluminium.

Goldschmidt and Peters (1931) determined semi-quantitatively the gallium
content in different aluminium containing rocks and minerals with the carbon arc
cathode layer method of Mannkopff and Peters (1931). The comparison substance
was made of a mixture of quartz with different quantities of GagO3 and also of a
mixture of Ga-free aluminium oxide with known quantities of gallium oxide. The
contents were given as percentage GagOg and each result had a wide range of value,
as 0-001—0-019,, nearer to the first figure and was designated as 10-3—(10~2) per
cent. They also found that the sensitivity of the Ga-line was not influenced by the
presence of alkali-metals (in amounts usually present in rocks and minerals) for
which several artificial alkali-aluminium silicates were prepared by adding de-
creasing amounts of GagOg. -

Detailed developments and applications of the cathode layer spectrum analysis
method developed by Mannkopff and Peters were described by Strock (1936). Lines
of the elements which showed the ‘Glimmschicht’ effect were wedge-shaped with
maximum intensity near the base and the intensity ratio of two lines in the cathode
layer was more constant than in the central arc gas column.

In the present investigation as the internal standard line of suitable excitation
characteristic was not available near the Ga-line 204374, the author also followed
the ‘Comparison Standard Method’.
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EXPERIMENTAL.

(@) Equipment necessary for the carbon arc cathode layer method.

The dispersion of the Hilger quartz spectrograph (E1) was such that the charac-
teristic groups of Fe-lines 3099-974, 3100-304, 3100-67A and 3021-073, 3020-64&
were quite distinctly resolved.

For the efficient operation of the cathode layer method, Gramont’s universal
arc stand was found inconvenient. Quill and Selwood (1929) designed an electrode
holder for ordinary arc spectrum analysis, which was more efficient than the
Gramont’s arc stand. An improved arc stand was designed which permitted in-
stantaneous control of the arc position, easy and very minute arc regulations and
rapid change of electrodes from the holders. Details of the construction are shown
in Figure,1. :

Fie. 1.

The two systems of holders could be used conveniently one after the other
simply by rotating the arrangement through a half cycle without actually changing
the hot electrodes. The arc stand permitted separate regulation of the cathode,
total arc height and rapid horizontal adjustment during the exposure. Vertical
adjustments of the two electrodes at a time were made by the circular movement
of the screw-head at the top and of the lower electrode (cathode) separately by the
screw-head at the side attached to rack and pinion arrangement. Horizontal
adjustment of the two electrodes was made simultaneously by a slight movement
of the above screw-head sideways. The construction of the special type of clamps
suitable for holding the short carbon electrodes and for making easy and rapid
change of electrodes is also shown separately in the figure. All the necessary in-
sulations were made from ebonite and bakelite blocks.
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An electric supply of up to 15 amp. at 220 v.d.c. with suitable slide-wire
resistance in the circuit was arranged which permitted the arc to be ignited at 2 amp.
and gradually increased in steps of 0-5 to 1 amp. to as high as 15 amp.

The lens arrangement recommended by Twyman and Simeon (Strock, 1936)
with necessary modification was found very satisfactory for the cathode layer
effect. This arrangement is diagrammatically shown in Figure 2.

CIRCULAR
CATHODE L, DIAPHRAGCM L SLrr

LENS ARRANGEMENT
Fie. 2.

A sharp image of the cathode layer, the region adjoining the cathode was
focussed enlarged onto the spectrograph slit. This was achieved by focussing the
arc, plaved at a distance of 52 em. from the slit, sharply with a spherical quartz
condensing lens on a screen which had an adjustable circular diaphragm. An
opening of 4-5 mm. of the diaphragm allowed to pass through it only the edge of the
cathode and the adjoining arc column. The light from both the incandescent
carbon electrodes was intercepted by the screen which would otherwise make the
background heavy. The arc was adjusted so that the sharp cathode image coincided
with o mark just over the edge of the diaphragm and the incandescent anode with
another mark on the screen 1 cm. below the cathode image. This illuminated
opening was focussed enlarged by another spherical quartz condensing lens onto
the spectrograph slit. The light passing the circular diaphragm formed nearly an
elliptical image over the slit with its major axis 8 mm. in length in the vertical
direction. A constant electrode separation was best controlied by means of an
enlarged image thrown over a graduated screen by a spherical condensing lens.
This graduated screen was placed very near to the spectrograph slit so that the
cathode and the anode image could easily be seen over both the screen and the
diaphragm simultaneously. Near about one half of the total arc length overlying
the cathode layer was used for slit illumination. As the illuminated image was
8 mm. in height over the spectrograph slit, instead of Hartmann diaphragm V-shaped
diaphragm was used. Inthislens arrangement any slight variation such aswandering
of the arc as usually occurred and slight lateral lack of alignment could not affect
spectrum intensity nearly so much as when a single lens was used for slit illumination.

For qualitative analyvsis, a separate arrangement was made. A second arc
stand was placed at right angles to the former one in nearly the same line with the
slit. The light of the arc was focussed onto the slit by passing through a spherical
quartz lens and a right angle (90°) quartz prism, placed properly near the slit.

Carbon rods of very great purity were produced in this laboratory by the author
(Mukherjee, 1947). The starting materials, ‘Kino-Homogen’ carbou rods, contained
above all traces of gallium as impurities. The purified final products were com-
pletely free even from the minute traces of gallium.

A cathode with 5-5 mm. deep bore and 3 mm. inner diameter with a wall thick-
ness of 0-7 mm. was found convenient for the analysis. This cathode originally
6-0 mm. in diameter likewise of purified carbon rod, was reduced to 3:7 mm. in
diameter over the upper 12 mm. length in which the bore was made in order to
make the wall thickness to 0-7 mm. The anode was 5 mm. in diameter with a flat
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plain surface at the end. The thin wall of the cathode was suitable for obtaining
a steady arc, with little wandering and the arc was concentrated like a narrow cone
of light within the electrodes. In each carbon rod the depth of the crater and the
diameter of the thin wall was regulated by proper adjustments in 2 lathe machine
in order to obtdin the same type of cathode always.

(b) Preparation of comparison standards.

As bauxite is an aluminium containing mineral aluminium oxide was taken as
the base substance. By qualitative arc spectrographic analysis at 10 amp.. current
it was found that the aluminium hydroxide to be used as base contained traces of
galium. Grahame and Seaborg (1938) with the help of artificially produced radio-
active gallium as an indicator showed that Ga could be extracted successfully by
repeated extraction with ether from a 6N hydrochloric acid solution with as low a
concentration of gallinm as 10-12 parts per 1 part. So gallium chloride was
readily extracted from 1 : 1 hydrochloric acid by ether extraction. Nearly 10 gm.
of aluminium hydroxide was dissolved in 1:1 hydrochloric acid and the process
of ether extraction was followed which provided a separation from gallinm and
many other metals. Sufficient quantity of liguor ammonia was added to the solu-
tion until it was just alkaline; then thoroughly washed, filtered and ignited. The
process of ether extraction was repeated several times till the test spectrum showed
the complete absence of gallium line.

In preparing the standard mixtures, standard solutions of 0-01%, and 0-0019%,
gallium prepared as gallium chloride from pure ammonium gallium alum were used.
For each mixture 100 mg. of the gallium-free aluminium oxide was taken and
measured quantity of the standard solution was added from a microburette. In
order to obtain an accurate homogeneous mixture, this was diluted with little
distilled water, evaporated over an electric heater and then ignited at 800°C. over
a mecker burner. Intimate mixing was achieved by grinding thoroughly in a clean,
smooth agate mortar. By this means, a series of standard mixtures of the following
compositions was prepared : 0-05%,, 0-:02%, 0019, 00079, 0005, 0-003%,
0-001%,, 0-0005%, and 0-00019,.

(¢) Production of the spectra.

3 mg. of a standard mixture was accurately weighed in a micro-balance in a
5 ¢.c. crucible and thoroughly mixed with 3 mg. pure carbon powder obtained during
drilling of the carbon rods with a silver rod of 2:5 mm. in diameter, whose one end
was flat while the other end was like a spoon. The mixture was introduced into
the boring of the carbon rod with the silver spoon and then slightly compressed with
its flat end, proper precaution being taken not to lose even very small amount of
this mixture, The boring was then loosely packed in the upper portion with some
carbon powder. The advantage of this packing was that when the arc was first
struck due to spurting only a small amount of the carbon powder was lost from the
upper portion and when the arc was separated, after about 10 minutes the mixture
began to burn along with the carbon steadily.

Before an exposure, the position of the anode was accurately adjusted by a
preliminary arcing with two pure carbon rods. The lower electrode was then re-
placed by the carbon rod packed with the mixture, the anode remaining in position.
The arc was ignited at 3 amp. when the cathode was allowed to strike steadily at
the tip of the anode and then separated slightly. The current was raised to 6 amp.
for few seconds, and the cathode was slowly racked down so that the cathode image
coincided with the mark on the screen. The current was then raised to 10 amp.
and the small shutter covering the spectrograph slit was opened, the shutter of the
plate holder was kept open long before. During the exposure the images of the
cathode and anode were observed on the screen and accurately adjusted over the
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marks. The time of exposure was 150 seconds. The colour of the arc was found
to change after about 15 seconds, indicating that the sample began to vaporise in
the are. At about 120 to 130 secs. the colour of the arc sharply changes to its
original hue, indicating that all the sample was consumed. About 7 mm. of the
cathode was burnt away during this time. Maintaining a consistent operating
technique such as amount of standard mixture, packing of the cathode bore, time
of exposure and developing procedure, different standard plates corresponding to -
the above standard mixtures were prepared.

For the production of the spectra of the different samples of bauxite, the same
operating technique was followed. Ilford (H & D 100) plates and metol hydro-
quinone developer prepared according to Ilford’s formula were used. Fixed time
of development (120 seconds) and fixation (10 minutes) at 18°C. with fresh solution
for each plate and uniform rocking procedure during development were followed in
order to obtain plates of almost identical character. The effects of the slight
spitting in the arc during vaporisation due to the carbons and of other disturbing
factors involved such as the rate of vaporisation of the different samples which
could not be eliminated were found to be small when the duplicate spectra of the same
standard mixture were examined.

(d) Analysis of spectra by photometric measurement.

A comparator of suitable magnification was used for visual inspection of the
spectra.

Tasre 1.
Ain A Per cent Ga in standard mixtures.,
059, 019 0059, 0019, 200019,
2874-24 .. Coincident with Fe-line 2874-17A.
29437 .. ++ + + + -0
2944-18 .. + + + ~( 0
3020-5 .. Coincident with Fe-line 3020-5A.
+ = Strong; -0 = Faint; 0 = Undetectable.

The sensitivity of the gallium line 29437 was high and accepted for the
analysis especially for lower concentrations. The Ga-line 204374 was less sensi-
tive in the region 0-0005%, to 0-0001%,. The Ga-line 2874238 was very sensitive
over the ranges of concentration up to (-00059, in the standard spectra but as this
line was coincident with an iron-line, it could not be accepted as the comparison
line.

The blackness was defined as the difference between the peaks of the galvano-
meter deflections of the microphotometer for the Ga-line 20437 and for the
background, taken adjacent to the line. The blackness of the Ga-line was obtained
with a photo-electric non-recording microphotometer and measured in arbitrary
units from the scale of the galvanometer. The background correction was applied,
subtracting from the galvanometer reading of the background for each spectrum
taken at a height of 1 mm. from the base adjacent to the Ga-line the reading of the
Ga-line. As the spectrum lines in the cathode layer were wedge-shaped and more
intense towards the base, the photometric measurement of the line 294374 was
carried out at a height of 1 mm. from the base. Tn order to make an accurate
measurement of the position and height of the Ga-line, there were two sliding arrange-
ments at right angles to one another in the plate holder of the microphotometer
fitted with millimeter scales.

A calibration curve was then drawn (Fig. 3) with the corrected blackening
values of the Ga-line in the different standard spectra plotted as ordinates against
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percentage of galhum in the corresponding standard mixture.

Percentage of

gallium present in the different samples of bauxite were determined by correlating
the corrected blackening values of the Ga-line in sample spectra, in the standard

calibration curve.
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Tasre II.

Bauxite Locality. Percentage
No. of gallium.
291 Salgipat, N. Lohardaga, Bihar 0-002
737 N.E. of Amarkantak, S. Rewah 0-0035
788A N.W. of Radhanagri 0-0043
797 Yelurgarh Fort, Bombay 0-003
1128 Surganj State 0-007
1142 0-008
4696 Katni, Jubbu.lpore C.P. N 0-0065
5038 ~ 1 mile N.W. of Dhagarvadi, Kolhapur, Bomba.y 00026
5100 Salal, Riasi Tehsil, Kashmir 0-007
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Discussion.

In the carbon arc cathode layer method, when the cathode was adjusted to
keep its image fixed just on the edge of the rectangular diaphragm, the spectrum
revealed the presence of a black streak at the bottom which was due to the con-
tinuous light from the cathode, (Strock, 1936). As the continuous light masked
the lines at the bottom of the spectrum, no accurate photometric measurement
was possible at this most sensitive region of the cathode layer spectrum specially
at Jow concentrations of the element. In the present investigation, in order to avoid
this continuous background at the bottom, cathode was constantly regulated to
keep its image fixed just over the edge of the diaphragm, so that the incandescent
cathode was cut off by the screen, while the high sensitivity of the cathode layer
method was by no means affected.

In Twyman-Simeon lens arrangement rectangular diaphragm was used in
Gottingen (Strock, 1936). In the present investigation, the author used a circular
diaphragm, for which the elliptical light image formed over the spectrograph slit
has the central layer of maximum intensity along the vertical direction with the
vertical distribution of the light in the cathode layer arc column proportionately
enlarged.

During preparation of standard mixtures and production of spectra that a
consistent operating technique was always maintained was proved by the fact that
duplicate spectra of the same standard mixture and also of the same sample were
almost identical.
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