CONSULTATION

We have received a number of inquiries concerning manufactured polarographic apparatus and the
suitability of particular types of instruments for the, solution of analytical problems,

At our request, these questions are being answered here by workers of the chemical laboratory
of the Central Research Institute for Ferrous Metallurgy. ' '
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Photographic recording polarographs offer considerable advantages due to their simplicity; they are the main
types of polarographic apparatus used in many production and industrial research laboratories. Our industry produces
the PA-1 photorecording polarographs [1]. The widely used photorecording instruments at the present time are: the
improved Heyrovsky LP-55 polarograph [2] and the Heyrovsky M-102 micropolarographs [3]. '

In recent years photorecording instruments have been replaced by electronic automatic recording polarographs
in which the galvanometers are replaced by electronic tracking devices, ‘

The electronic integral-differentiating polarograph TsLA-PE-312 developed by Tsfasman and Benevol'skii has
been well received [1, 4]; it has high sensitivity (10-% mote/liter of material), The instrument is not sensitive to
vibration and it can therefore be used under plant conditions, The industry is now producing a modified TsLA polaro-
graph under the designation PA-2,

Of the electronic automatic recording instruments designed abroad the most interesting is the Kelley and Milner
polarograph [1, 5). It is intended for the analysis of radioactive materials, where it is essential to use a micropolaro-
graph since the volume of the solutions is less than 0.1 ml, or for the analysis of dilute solutions in which the effect
of the capacitance current is very large. The authors have been able to correct for the capacitance current, For
this purpose they used a device called a "curve repeater” which is used to subtract the polarogram of the pure back-
ground from the polarogram of the solution containing the material being analyzed. Solutions containing 2. 1078 o

<10-7
2:10"" mole of lead can be analyzed with a relative accuracy of # 20%, The polarograph can be successfully used
for production and research work. |

As well as normal polarograms the Atlas polarograph (West Germany) can also take pulse polarograms (the
VOltagse is only fed to the drop in the last period of its existence) [1}. The polarograph records currents between
5:107" and 7.5°10 % A. The range of measurement of the current makes it possible to analyze solutions containing
between 10~% and 103 mole/liter of the analyzed material, ' '

The RO-fl electronic automatic recording polarograph produced in Denmark has single-drop Kemula electrodes
(type E-69) which makes it possible to determine 10-7— 10" mole/liter of analyzed material or less,

Oscillographic polarography has been developed in recent years,

The TsLA oscillographic polarograph [1, 6] has been developed and is now being produced by the Rostov ex-
perimental plant, It can take polarograms in the coordinates {-E; di/dE — E; i-t

. It is possible to observe polarograms on the screen of a cathode-ray tube and to photograph them with a photo-
graphic attachment. Using the TsLA oscillographic polarograph the polarography can be conducted on mercury
electrodes and electrodes of other materials, The initial polarizing voltage is between + 1 and — 2 V. The amp--
litude of the linear change in voltage can be between 0 and 3 V. The sensitivity of the instrument (for cadmium)
is 107 mole/liter, the resolving capacity for the determination of cadmium in the presence of copper is 5,000,
During the preliminary electrolysis of substances forming an amalgam, the sensitivity of the instrument is increased
to 10”° mole/liter, The instrument is intended for the analytical control of small contents of elements and also for
the investigation of electrochemical and physicochemical processes.
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In 1959 Ya. P. Gokhshtein and co-workers [7) developed anew model d an oscillographic polarograph for the
determination of substances with a content of 1°10~7 to 1+ 10”2 mole/liter. This polarograph uses a circuit which
permits the use of both periodic and single scanning with various fixed rates of change in potential, This made it
possible to use a dropping mercury electrode, a stationary mercury electrode and solid electrodes. The use of a

stationary mercury electrode, having a surface which was 200-300 times greater than the surface of the mercury drop,
increased the sensitivity of the method to 1- 1077 mole/liter,

A Comparative Evaluation of the Sensitivity and Resolving bei ThZGE(;K,hI ;scifllograp hic polarograph is now
Capacity of Various Typesof Polarography .mg produced in the form of the model OP-1-61 [8]
with a new system of synchronization, ensuring auto-
Types of Sensitivity, mo%e/hter Resolving matic renejwal and re.moval of the stationary drop elec-
reversible irreversible trodes, which makes it possible to work with and with-
polarography capacity . ) i
processes processes out accumulation. When operating without accumu-
I . i 10-7
Classical 10-5-10"5 10-5-10"6 100-200 lation the senn‘twlty. of the instrument is 10 _;nole/liter
s memraphic| 5+ 10-7 5. 10-7 400 and when working with accumulation it is 10”” mole/liter.
sct 8ﬁ P 1.10°7 210" 2000 The instrument includes an electrolytic cell with auto-
Altemating matic renewal of the stationary electrode,
current :
Pulse 1078 1078 2000 In Czechoslovakia the national company "Krizik"

is producing an electronic polaroscope — a portable in-
strument for oscillographic polarography with a set
current, making it possible to obtain-curves in the
coordinates dE/dt— E 9. 10].

A comparative evaluation of certain trends in polarography is given in the table, taken from the paper by S. B.
Tsfasman [11].

As can be seen from the table, alternating current and pulse polarographs have high sensitivity, The most highly
developed and sensitive alternating current polarograph is the Mervyn-Harwell square-wave polarograph, designed by
Barker [12] and now produced in Britain,

The instrument has very good analytical characteristics and its sensitivity is 2(;0 times that of the classical
polarographs. It canbe used to determine concentrations of substances below 1+107° g. The high resolving capacity
of the instrument means that little chemical preparation of the sample is necessary.

The instrument has found extensive practical use abroad [13-17]. In the Soviet Union a square-wave polaro-
graph has been used for the analysis of nonferrous metallurgical products [18, 19].

In order to use an alternating current polarograph for the continuous control of production solutions, S. B.
Tsfasman and co-workers [1, 20] have developed a polarographic continuous concentration measurer, based on polaro-
graphy using an altemating sine current. The instrument can also be used as an alternating-current polarograph.
when the instrumentoperates as a concentration measurer it uses a thermostatically controlled polarographic cell
through which the solution in question flows continuously. The resulting polarograms represent the dependence of
the active component amplitude of the alternating current on the constant voltage on the cell.

When the instrument is used as an alternating-current polarograph the receiver is the usual apparatus for con-
ducting polarographic analysis under laboratory conditions.

The prototype of the polarographic concentration measurer was tested under the production conditions of the
» Elektrotsink” plant. The zinc electrolyte, having been subjected to purification to remove copper and cadmium,
was checked for the content of remaining cadmium impurity. While the instrument was operating in the plant,
comparative data were obtained for the instrument readings and laboratory analyses. The differences did not exceed

+ 4%.

Gorelkinskii, Grinman and Kozlov [21] proposedan alternating-current polarograph with a phase-sensitive
bridge, intended for the large-scale analysis of ore materials,

It therefore follows that the TsLA-PE-312 electronic polarograph is the most suitable for the determination of
elements in metals, steels and alloys (containing 1- 1073 to 3-5% of the element),

14817



The TsLA oscillographic polarograph and the GEOKhI brand OP-1-61 oscillographic polarograph are recommended
for the determination of ultrasmall amounts (from 1+107% to 1-10™4 %),

The most highly developed foreign polarograph, which can determine ultrasmall amounts of substances in the
presence of interfering elements in metals, steels and alloys is the Mervyn-Harwell square-wave polarograph,
Czech polarographs are sensitive and completely reliable for the production analysis of ores, metals, steels, and
alloys.
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