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Abstract

Large quantities of arsenic-containing toxic emissions are released during the smelting process of non-
ferrous minerals. The scrubbing process of flue gases from roasting furnaces, for example, produces a
large amount of arsenic-containing acid sewage, and the latter, in turn, produces arsenic sulfide slag
during the sulfide precipitation process. The arsenic sulfide slag is highly toxic and cannot be disposed of
directly to the environment. It needs to be converted to some environment-friendly forms before disposal.
With increasingly stringent requirements on environmental protection, more attention is being paid to
the eco-friendly treatment of arsenic waste. The oxidation of arsenic sulfide slag can be the appropriate
process. In the present paper, methods for treating arsenic sulfide residue waste are suggested; these
include ferric sulfate oxidation leaching, hydrothermal treatment assisted by ferric nitrate, alkali leaching
with air oxidation, sodium carbonate alkaline leaching, hydrogen peroxide oxidation leaching, etc. The
possibilities of suggested processes in the industrial environment are also discussed.
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Introduction

Arsenic is generally present in the ores of copper, lead, zinc, and other non-ferrous metals.
Most of the arsenic present is evolved in the form of gases during the smelting process. In
general, arsenic oxides and arsenates are toxicand are to be removed from industrial emissions
as well as from sewage. Similarly, the slags produced during the smelting process are required
to be treated for arsenic removal using eco-friendly procedures. On the other hand, arsenic
and its compounds also have useful applications; they are widely used in pesticides, alloy-
making, and glass, semiconductors, and other industries. However, the limited demand for
arsenic and its products does not match the large amounts of arsenic that can be retrieved
from industrial waste. The imbalance poses a serious threat to environmental safety and thus
the harmless treatment of arsenic is a serious concern.

In the smelting process of lead and zinc ores, As,0, and As,O, are emitted in the flue
gases from the smelting/roasting furnaces; gases are treated, and the pollutants are washed
into the acid sewage. By the sulfide precipitation method of the acid sewage, arsenic sulfide
slag is produced. The main component of the slag is arsenic trisulfide while Cu, Na, Bi, Fe,
and other elements are also present [1,2]. Arsenic sulfide slag is toxic, unstable, and can be
oxidized to arsenic trioxide which is soluble in an acidic medium. Because of its fine particles
size, it forms flying dust but it cannot be directly discharged into the atmosphere. In the
early metallurgical processes, the pyrogenic process was generally used for arsenic removal.
Because of the resulting serious air pollution, the pyrogenic process is no more used. The
modern industrial processes are progressively looking towards more environment-friendly
processes. For the consideration of environmental protection and economic viability, arsenic-
containing waste slag is mainly treated by hydrometallurgical processes. The established
approach to process arsenic sulfide slag, keeping in view comprehensive utilization of
resources as well as environmental friendliness, is the conversion of trivalent arsenic into
pentavalent. Pentavalent arsenic facilitates the precipitation process [3]. The oxidation
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leaching process is widely used in industrial arsenic elution. The
present paper discusses the recent developments in the oxidation
leaching of arsenic sulfide slag.

Oxidation leaching of arsenic sulfide slag

The arsenic sulfide slag treatment process can be of two
types: the pyrogenic process and the hydrometallurgical process.
The former includes oxidation roasting, reduction roasting,
crystallization, etc. The pyrogenic processes are simple and the
technology is mature while the disadvantages include serious air
pollution and the low purity of the final product which is arsenic
oxide. Pyrogenic processes for the treatment of arsenic-containing
waste residue are almost abandoned. The present approach to
process arsenic sulfide slag includes stabilization treatment and
landfill treatment; the oxidation methods are the more popular
ones. Many oxidation methods have been developed and these
include hydrogen peroxide oxidation leaching, pressure oxidation
leaching, sodium hypochlorite oxidation leaching [4].

Acid oxidation leaching

Oxidation leaching using ferric sulfate: Oxidation leaching
of ferric sulfate is a method of leaching arsenic sulfide with ferric
sulfate under high pressure [3]. Using Fe,(SO,), as the oxidizing
agent, trivalent arsenic is oxidized to pentavalent; the reaction takes
place under high pressure. The processed Fe,(SO,), can be recycled
after oxidation which reduces the production cost. However, due
to the high-pressure requirement, the production equipment is
expensive and the process is complicated. The main reactions are
as follows:

As,S, +3Fe, (SO,), +4H,0=2HAsO, + 6FeSO, +3H,S0, +3S (1)

HAsO, +Fe,(S0,), + 2H,0=H,AsO, +2FeSO, + H,S0, (2)

Copper sulfate replacement with the air oxidation process:
The replacement reaction between copper sulfate and arsenic
sulfide produces arsenious acid HAsO, which has a low solubility. It
is oxidized to arsenic acid whose solubility in the leaching solution
increases if the air is bubbled through the solution. The process
takes place at room temperature and atmospheric pressure which
ensures safety and enhanced reliability. The process technology is
mature, but the processing cost is high due to the complexity of the
process [5,6].

As,S, +3CuS0, +4H,0 = 2HAsO, +3CuS+3H,S0, (3)

HAsO, +1/20, +H,0 = H,AsO, (4)

Sodium hypochlorite oxidation leaching process: Arsenic
can be effectively removed from arsenic sulfide slag by sodium
hypochlorite solution [7] since CIO" and OH ions in the solution
effectively oxidize and dissolve arsenic. The removal of arsenic by
oxidation with sodium hypochlorite solution effectively accelerates
the reaction to time durations of less than 10min and the reaction is
not sensitive to the temperature. The processes of desulfurization
and arsenic leaching take place in a single step which makes the
process simple and increases the production efficiency.

As,S, +60H" +5CIO" = 2AsO} +5CI +3S+3H,0 (5)

Scorodite process using hydrothermal treatment: The
ferric arsenate (Fe'", AsO}") precipitation is generally considered a
stable arsenic-containing solid waste. The solubility of crystallized
ferric arsenate (FeAsO, - 2H,0) is lower than that of amorphous.
In hydrothermal oxidation of arsenic sulfide using Fe(NO,), as an
oxidant, arsenic crystallizes as scorodite which is a stable hydrated
iron arsenate compound. At 150 °C the process can take place with
Fe(NO,), even at dosages as low as 2Zmmol/g [8,9].

As,S, +6HNO, =38 +2H,AsO, +4NO,+2NO (6)

H,AsO, +Fe(NO,), +2H,0 = FeAsO, - 2H,0 + 3HNO, (7)
Alkaline oxidation leaching

Alkali leaching with air oxidation: The arsenic sulfide can
be leached by NaOH alkali solution at 70-80 °C. After solid-liquid
separation, the air is injected for oxidation [10]. The advantages of
the process are: (i) air is used as the oxidant and (ii) the alkali can
be regenerated which reduces the production cost. The reactions
which take place are the following:

As,S;+2NaOH=NaAsO, +NaH,AsS; (g)
As,S,+4NaOH=NaAsO, +Na,AsS, +2H,0 (9)
As,S,+6NaOH=Na,AsO,+Na,AsS, + 3H,0 (10)
As,S,+4NaOH+20,=NaAsO,+NaAsS, + Na,SO, + 2H,0 (11)

NaAsO, +lO2 +H,0 = NaH,AsO,
2 (12)

NaH,AsS, +20, = NaH,AsO, +3S (13)

9
Na,AsS, +502 +H,0 =NaH,AsO, + Na,SO, +SO, +S (14)

NaAsS, +§O2 +H,0 = NaH,AsO, +SO, +S
g (15)

Na,AsO, 4—%02 =Na,AsO, (16)

Alkaline leaching using sodium carbonate and sodium
persulfate: Arsenic present in Cu-As filter cakes can be leached
using sodium carbonate solution [11] and the efficiency of arsenic
elution exceeds 96%. Arsenic in the leaching solution primarily
exists in the form of arsenate and thioarsenate. Trivalent arsenic is
oxidized to pentavalent and sulfur is oxidized to its elemental form
by adding sodium persulfate to the leaching solution. The reactions
are as follows:

As,S,+3COT =AsO} +AsS? +3CO, (17)

AsST+80H +48,0; =As0; +3S+8S0; +4H,0 (18)
AsOY +20H" +8,07 =AsO} +280% +H,0 (19)
Other oxidation leaching methods

Oxidation leaching using hydrogen peroxide: Arsenic
sulfide slag can be oxidized by air under natural conditions. With
good ventilation conditions, sulfur ions in arsenic sulfide slag are
oxidized by air into elemental sulfur at a very high oxidation rate,
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while the efficiency of arsenic leaching is 57.8% after 12 days [12].
Being a strong oxidant, hydrogen peroxide would react violently
with arsenic sulfide slag, to form AsO} ; the leaching efficiency of
arsenic would exceed 90% [13].

Pressure oxidation leaching process: In the process of
pressure oxidation leaching, industrial oxygen is used to leach out
H,AsO, from arsenic sulfide slag. Sulfur in the slag is oxidized
to elemental sulfur which stays as solid in the slag. The leaching
solution is then reduced using SO, to form crystallized white
arsenic flakes As,0,. The parent solution having a high concentration
of sulfuric acid can be recycled [6]. During the process, the high
pressure enhances the leaching efficiency; the process is simple
and economical.

Summary

This paper reviews different processes to oxidize arsenic sulfide
slag which is produced during the smelting of non-ferrous metals.
The arsenic sulfide slag is oxidized into pentavalent arsenic using
different oxidants; oxidation of arsenic sulfide is a prerequisite for
subsequent processes.

In the beginning, ferric sulfate oxidation leaching and copper
sulfate replacement reaction along with air oxidation methods
were used. These processes are matured but are complex and so
the equipment is expensive; both the capital investment as well as
the running cost is high. An additional problem in these production
processes is the production of sewage which would cause
secondary pollution. From the point of view of efficiency, using
hydrogen peroxide, sodium hypochlorite, and some other oxidants,
the reaction process is accelerated and the production efficiency is
increased but the economic benefit is not so high. It is concluded
that factors that are important in deciding the treatment route of
arsenic sulfide waste slag are the properties of the arsenic slag, the
target requirements, and the treatment cost.
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