Russian Journal of Applied Chemistryjol. 75, No. 8,2002, pp. 12371239. Translated from Zhurnal Prikladnd{himii, Vol. 75, No. 8,2002,
pp. 1263-1265.
Original Russian Text Copyrigh©® 2002 by Turygin, Smetanin, Khudenk®&pmilov.

APPLIED ELECTROCHEMISTRY
AND CORROSION PROTECTION OF METALS

Electrochemical Synthesis of Arsenic Acid

V. V. Turygin, A. V. Smetanin, A. V. Khudenko, and A. P. Tomilov
State Research Institute of Organic Chemistry and Technology, Moscow, Russia
Received November 26, 2001

Abstract—The possibility of oxidizing arsenic(lll) oxide to arsenic acid in quantitative yield in the presence
of hydrochloric or hydrobromic acid as a catalyst was studied.

Arsenic acid and arsenic(V) oxide are used to syn- In a typical run, 0.5M HCL solution (60 ml) was
thesize dyes and pharmaceuticals, to manufacture ofed into the cathode chamber of the filter-press elec-
tical glass, etc. Commonly, arsenic acid is preparettolyzer equipped with tungsten cathode and ruthe-
by oxidation of AsO; with nitric acid [1]. A short- nium oxide anode, and 0.5 M HCL solution (70 ml)
coming of the method is that toxic wastes are formedand 15 g AsO; (0.15 mole As), into the anode cham-
Of interest in this connection is the possibility of per-ber. The electrolysis was performed with a current of
forming this process electrochemically. As is known,6.0 A (current density = 0.2 A cnT?) for 1.5 h (110%
As,0; oxidizes on a rotating platinum electrode inof the theoretically necessary quantity of electricity,
acid medium at a potential of about 1.3 V [2, 3]. TheQ). In the course of the experiment, the anolyte tem-
oxidation rate is the highest in a sulfate solution aperature increased from 20 to 45 The catholyte
pH<1 [4]. volume increased by 18 ml owing to electrophoresis.

A procedure for preparing arsenic acid by oxidatiorHsAsO,; was found in the catholyte in amount of
of As,0; suspension on a tin dioxide anode in a 194.0012 mol, i.e., 0.8% of the initial A®;.
sulfuric acid solution containing 1% N8O, was de-
scribed in [5]. However, this technique fails to yield
pure, impurity-free arsenic acid.

The anolyte was evaporated until dry, together with
the wash water from the anode chamber, and calcined
at 250°C. The resulting dry residue (18.2 g) contained

Much more attention has been given to oxidatiorg2.7% AsOg. Arsenic acid was obtained by dissolv-
of As,O; in an alkaline solution to obtain reagent-ing the residue in water. The yield of the arsenic acid
grade arsenates, e.g., those of sodium [6] and lithiungy substance was 97%, and the current efficiency by
[7]. the acid, 88%.

The aim of this study was to develop a method for

synthesis of pure arsenic acid, First, we checked the possibility of oxidizing an

aqueous suspension of &3 on platinum or graphite
without addition of any supporting electrolytes. As is
EXPERIMENTAL known, arsenic(lll) oxide is poorly soluble in water
nd is present in aqueous solutions in the form of
weak arsenous acid, responsible for low electrical
conductivity of the solution. The results of these ex-

_ _ _ periments are presented in Table 1.
The experiments were performed in a filter-press

electrolyzer with platinum or ruthenium oxide an- It can be seen that the voltage across the electro-
ode and a tungsten or titanium plate as a cathod&/zer is high at the beginning of the process and then
The anode and cathode spaces were separated bygradually decreases owing to accumulation of the
MF-4SK or Nafion cation-exchange membrane. Thestronger arsenic acid, which raises the electrical con-
anolyte was circulated at a rate sufficient for maintain-ductivity of the solution. The oxidation is slow, and
ing As,0; in the form of a suspension with a centrifu- a nearly sixfold current excess is necessary for oxi-
gal pump. The workingirea of the anode was 30 ém dizing only half the feed at the Pt anode.

We used in the study reagent-grade arsenic(lll
oxide containing 99% main substance. Other reagen
were of chemically pure grade.
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Table 1. Oxidation of agqueous suspension of ,@g in the absence of supporting electrolyte (tungsten cathode;
MF-4SK membrane; anolyte 5 g A9; and 100 ml HO; catholyte 0.5 M HSQO, solution)

*

Electrolysis conditions Q % Current
Anode of theoretical| As(V) vyield, % efficiency
i, Acm? U, v T, °C value by As(V), %
Pt 0.33 12.0-»4.5 22-50 550 40 7
Graphite 0.17 20.0-»8.0 22-25 140 53 38

" Q is quantity of electricity.

Table 2. Oxidation of agueous suspension of,®g in the presence of electrically conducting additives (tungsten cath-
ode; MF4SK membrane; anolyte 5 g AS; and 100 ml supporting electrolyte; catholyte 0.5 M3®, solution)

Supporting Electrolysis conditions Q % Current
electrolyte, of theoretical| As(V) yield, % efficiency
M A cm U, v T, °C value by As(V), %
H,SO,, 1.0 0.07-0.03 3.93.2 17-19 450 83 18
H;AsQ,, 1.0 0.03 4.0-3.7 20-23 300 81 27
HCI, 1.0 0.067 3.7-3.8 23-28 110 ~100 90
HBr, 0.5 0.033 3.2 25-28 110 98 88

Table 3. Influence of current density on A®; oxidation (tungsten cathode, Pt anode;-MISK membrane; anolyte feed:
As,O5 (10 g) and 0.5M HCI solution (100 ml); catholyte 0.5 M HCI solution)

Electrolysis conditions Q % Current
i Acm? of theoretical As(V) yield, % efficiency
U, v T, °C value by As(V), %
0.033 3.3-35 25-29 120 ~100 83
0.067 3.94.4 25-30 120 ~100 80
0.10 5.1-5.3 20-26 120 ~100 85
0.15 6.7-6.8 23-25 120 ~100 83
0.20 7.9-8.6 20-27 110 ~100 90

In view of the aforesaid, we performed runs with  Since the results obtained for HCI and HBr were
introduction of electrically conducting additives, suchabout the same, further experiments were done with
as arsenic, sulfuric, hydrochloric, and hydrobromiche cheaper and more readily available hydrochloric
acids. The results obtained in this series of experiacid. Runs were performed with a 0.5 M HCI solution
ments are presented in Table 2. at different current densities. The results obtained
It can be seen that As(lll) oxidation is slow in so- demonstrated that the oxidation is fast and can be
lutions of arsenic and sulfuric acid, and much faste erformed at current o!ensmes of up to 0.2 Aér_n
in the presence of hydrohalic acids’ Probably, the in-Table 3). Itis appropriate, however, for econqmlcal

' : easons, to perform oxidation at current densities not

e et oo oretod o Srogans cagabiceediig 01 Acr, since al igher densiies he
9 eéectrolyzer voltage increases essentially.

act as catalysts and transporting agents, namely: fre

halogen released at the anode The control runs showed that the efficiency of ar-
senic(lll) oxidation is about the same for ruthenium
2Hal" - 2e — Hal, oxide and platinum anodes. Therefore, further exper-

iments on the influence exerted by the hydrochloric

oxidizes AsO; by the reaction acid concentration were performed with a ruthenium
oxide anode (Table 4). It was found that raising the

As,O53 + 2Hal, + 5H,0 — 2H;AsO, + 4HHal. hydrochloric acid concentration to 4.0 M has virtually
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Table 4. Influence of HCI concentration on A®5 oxidation (Ag cathode, ruthenium oxide anode; Nafion membrane;
10 g AsOjg current density 0.1 A cnf)

C Electrolysis conditions | Q, % of H.ASO Current As transfer Current
'|4v(|3" theoretical '3Id 6} efficiency by into efficiency
U, v T, °C value yield, > HzAsO, % | catholyte %| by O, %
0.5 5.35.6 22-23 110 94 85 2.2 9.6
1.0 5.0.5.2 22-27 102 98 96 1.7 3.4
2.0 4.5 23-27 102 98 98 1.4 1.5
3.0 4.3 24-26 102 93 91 1.0 0.7
4.0 4.0-4.3 23-27 102 99 97 0.7 0.8

no effect on the oxidation, but diminishes somewhapreparing sufficiently pure arsenic acid in a single
the loss of arsenic for its migration into the cathodestage.

space. However, it is inappropriate, for technological
reasons, to make the concentration of hydrochlori%0
acid in the anolyte higher than 1.0 M.

(2) Hydrogen chloride present in the anolyte is

mpletely removed upon solution evaporation. The

HCI-containing distillate is used for preparing a fresh
Finally, we studied the possibility of preparing portion of the anolyte. This opens up the possibility

a concentrated solution of arsenic acid in a single rurof organizing a nearly waste-free production.

For this purpose, we carried out an experiment in

which fresh portions of arsenic(lll) oxide were fed REFERENCES

into the anodic space at regular intervals. The test

was performed at a current density of 0.2 A€nn 1. Remy, H.,Lehrbuch der anorganischen Chemleeip-

a 0.5 M HCI solution, to which A, (50 g) was zig: Geest und Portig, 1960.

gradually added. As a result, a 5.0 MjA$O, solu- 2. zakharov, V.A., and Songina, O.AZh. Fiz. Khim,

tion was obtained in 96% yield at a current efficien- 1964, vol. 38, no. 4, pp. 76770.

cy of 81%. The loss of arsenic for its migration into 3 Alimarin, L.P.. and Terin, S.I.Zavod. Lah. 1954,

the cathode space was 3.7%. vol. 20, no. 18, pp. 1824.

4. JPN Patent Application 9174.
5. USSR Inventor'sCertificate, no. 223 068.
(1) The study yielded a simple and efficient meth-6. Shul'gin, L.P., and Kuz'min, Yu.A.Tsvetn. Met.

od for oxidation of arsenic(lll) oxide to arsenic acid. 1971, no. 4, pp. 3639.
The advantage of this technique is the feasibility of7. USSR Inventor'sCertificate, no. 542772,

CONCLUSIONS
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