REAFEEBUKNSFY

Tohoku University Repository

Removal of Arsenic(?)in Aqueous Solutions by
Controlling Oxidation Potetial (U OO OOOO
JodoooooooodgAs(OoUn)

0 0 0 0O

[ 1984

aon 1996

URL http://hdl_handle.net/10097/7257




Wang Qian Kun
% E 72 b

5 Z {4 #& *t (X %)
FPUREFEFABR FTHOE3A25H
FAUREOMIER FUNHRAUELEE1HE
BrER, BROAH  HIEKRFRZERTEREH
(B S£BRI¥EX

K
®

Z# L @ X B B  Removal of Arsenic(Ill) in Aqueous Solutions
by Controlling Oxidation Potential
(BALRT > ¥ % L OHIENZ & DAREHE P D
AsAIDDIRFE)

B ¥ #H B FKRFEE WHERE

)

mXFEE TR EE OERFEER REKE FIEKRPEE L S
RAEKRZER —6& £ HEXZPEER #HE RB

p=itH

wm X N Ax E B
1. Introduction

Recently more stringent regulations against arsenic have been established because of its toxic nature. Arsenic
is one of the common impurities in most of the concentrates of non-ferrous minerals. The treatments of such
feeds necessarily lead to build-up of arsenic in metallurgical processes and generation of arsenic-bearing
intermediates, by-products, effluents and waste waters. These arsenic-bearing materials and process wastes
have to be treated in an environmentally acceptable manner. In industrial processes to separate and remove
arsenic from aqueous solutions, various types of operation were developed and came into practice with varying
success. These processes, however, in most cases result in the generation of a big mass of sludges contaminated
by arsenic. Furthermore, the reactions actually occurring in these processes were not fully understood. The
development of technology to separate and remove arsenic from aqueous solutions effectively requires well-
refined understanding of the reactions taking place under various conditions.

The present work was undertaken with the aim of fundamental data for (1) separation of arsenic from
process solutions as insoluble phase of high arsenic content and (2) removal of arsenic from effluents to meet
the environment protection regulation of 0.1 mg/L for waste water. One of the most important points to realize
such arsenic removal process may be almost complete oxidation of trivalent arsenic, As(II), to pentavalent

arsenic, As(V), and production of insoluble arsenate with ferric species, Fe(III). Then, the oxidation of As(III)
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species and oxidative precipitation of As(IIl) at different oxidation potentials, in other words, with different
oxidizing reagents, have been systematically investigated. The oxidizing reagents considered here are hydrogen
peroxide, potassium permanganate and oxygen. The oxidation and oxidative precipitation reactions were
analyzed under various conditions for the determination of factors governing the removal of arsenic from
solutions of two different levels of arsenic concentrations: the high concentration solution of 0.1 mol/L and the
dilute solution of 0.0005 mol/L(38 mg As/L) in As. The progress of the reactions and the delicate changes in
the principal reactions were clearly determined by continuous monitoring of oxidation reduction potential
(ORP), amount of hydrogen ion generated or consumed in the course of the oxidation and precipitation
reactions, in term of NaOH or H,SO, consumption for keeping pH constant, and chemical analysis for As, Fe,

Mn and S species.

2. Oxidative Precipitation of Arsenic(1I]) in the Presence of Iron(ILIII) with Hydrogen Peroxide
Firstly, it is clearly demonstrated that As(V) is more amenable to the precipitation method using Fe(III) than
As(III). When As(IIl) in arsenic-bearing solutions is oxidized to As(V), it is possible to effectively separate
arsenic in the solution of high concentration as ferric arsenate at fairly low pH where the hydrolysis of Fe(III)
does not take place, and also to remove arsenic in the extremely dilute solution to a sufficiently low level less
than that of the arsenic regulation (0.1mg/L) for waste water, at Fe(III)/As mole ratio as small as 5 in a wide pH
region from low pH of 3.5. Secondly, the oxidation of As(II) with hydrogen peroxide proceeds readily in the
alkaline solution, but slowly in the acidic solution. The oxidation of As(IIl} in the acidic solution is promoted to
some extent by a rise in temperature and an increase in the concentration of H,O,, but is not sensitive to the
concentration of As(V). In the presence of Fe(ILIII) ions, H,O; in the acidic solution can act as a more powerful
oxidizing agent to As(IIl) even at ambient temperature due to the catalysis of Fe(Il, III) ions through the
reactions with H,O,. It is interesting that the dissolved oxygen can positively contribute to the oxidation of
As(Ill) in the coexistence of H,O, and Fe(Il). The possible reaction path for the oxidation of As(IIl) in the
system is discussed. By use of H;O, in the presence of Fe(II) or Fe(IlI), As(IIl) in the acidic solution of high
concentration is oxidized to As(V) and precipitated as ferric arsenate over a fairly low pH region where
hydrolysis of ferric ion is not yet detected. As(IIl) in its dilute solution can be removed to a sufficiently low
concentration below 0.1 mg As/L by the oxidative precipitation with H;O, at Fe/As mole ratio of 5. The
favorable pH range is between 3.5 and 5.0 for Fe(II)}-added solution and between 2.5 to 3.0 when Fe(III) is
added. Hydrogen peroxide coupled with Fe(II) or with aid of Fe(III) staying in the solution provides adequate

oxidizing power to eliminate arsenic from the aqueous solutions without hydrolysis of the coexisting metal ions.

3. Oxidative Precipitation of Manganese(II), Iron(II) and Arsenic(III) with Potassium Permanganate
The oxidation and oxidative precipitation reactions in the solutions of (1) Mn(Il), (2) Mn(II)-As(V), (3)

Mn(II)-As(V)-Fe(III) and (4‘) Mn(IT)-As(III)-Fe(II) by use of KMnO, as an oxidizing agent are described. In the

solution of MnSO,;, KMnO, oxidizes Mn(II) to form MnO, nearly stoichiometrically even at low pH. In the
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oxidation of Mn(Il) in the presence of As(V), MnAsO, nH,O is precipitated preferentially over MnO,,
especially in the fairly acidic solution. By the oxidative precipitation method using the Mn(II)-KMnOj; couple,
As(V) can be precipitated out in the fairly acidic solution where formation of FeAsO, 2H,0 does not take place.
Furthermore, the coexistence of Fe(III) gives rise to the incorporation o1 both Fe and Mn in the precipitate to
form (Fe,Mn)AsO, nH;0, which reduces the concentration of remaining As(V) to a considerably low value in a
low pH range. In the oxidative precipitation of Mn(II), As(IIl) and Fe(Il) with KMnO, in a low pH range,
oxidation of Fe(Il) is observed first and then As(III) is oxidized prior to the start of oxidation of Mn(II). The
iron(Ill)-manganese arsenate is preferentially precipitated similarly to that in the solution of Mn(II), As(V) and
Fe(IIl). This indicates that the use of KMnO, brings As with Mn(II) and Fe to the oxidative precipitation of
arsenic-bearing precipitate containing both Mn and Fe, independently of the oxidation states of As and Fe in
the starting solution. In this series of experiment, KMnO, not only acts as an oxidizing reagent for Fe(II),
As(III) and Mn(II), but also provides a precipitate-forming species Mn(IIl). Thus, the concentrations of As and
Mn remaining in the solution after the oxidative precipitation are significantly reduced at ambient temperature.
Based on these observations, it is concluded that the oxidative precipitation method based on Mn(II)-KMnO,
couple is effective in the separation and removal of arsenic from aqueous solutions at fairly lower pH than by
formation of ferric arsenate and that the incorporation of both Fe and Mn in the precipitate brings the

concentration of remaining arsenic to less than those with individual simple arsenates of iron and manganese.

4. Oxidation of Arsenic(III) and Sulfur(IV) with Oxygen

While As(III) is hardly oxidized to As(V) with oxygen alone under moderate conditions, it is observed that
the coexistence of S(IV) favors the oxidation. In the solution containing S(IV) with As(III), the oxidation of
As(IIl) is detected at pH above 5.0 and remarkably enhanced by a rise in pH. At pH of 9.0 a maximum
oxidation rate is reached but a further rise in pH significantly lowers the oxidation reaction rate. A rise in
temperature and an increase in the initial concentration of S(IV) lead to a significant acceleration of the
oxidation. The addition of As(V) brings about a slightly promoted oxidation of As(IIT). The oxidation of S(IV)
and As(IIl) takes place simultaneously in a complicated manner and is very sensitive to pH of solution. It is
noted that As(III) can be oxidized by oxygen under the conditions where oxidation of S(IV) is favored, in other
word, the oxidation of As(IIl) is induced by the oxidation of S(IV) and the progress of the two oxidation
reactions is affected by each other. Under appropriate conditions, for instance, at pH 9, 50°C and the initial
S(IVYAs(III) mole ratio of 10, the oxidation of As(IIl) with oxygen proceeds at a considerable rate to
completion. It is clear that O, coupled with S(IV) can be used for the effective oxidation of As(Ill) in a higher
pH range.

5. Oxidative Precipitation of Arsenic(II) in the Presence of Iron(ILIII) and Sulfur(IV) with Oxygen

As noted previously, As(1II) is hardly oxidized with oxygen coupled with S(IV), sulfite or dissolved SO,, in the

acidic solution. However, it is found that the coexistence of S(IV) and Fe(ILIIl) significantly enhances the
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oxidation of As(II) with oxygen at low pH. In this system, S(IV) is oxidized to S(VI) with oxygen favorably in
the presence of Fe(II) or Fe(III) species, and Fe(IlI) is considered to play an important role as a promoter of the
oxidation reaction. In the Fe(II)}-added solution, the oxidation reactions of S(IV) to S(VI), Fe(II) to Fe(III) and
As(1II) to As(V) occur in parallel in the acidic solution. The first reaction is promoted remarkably by the second
redox system in direction to oxidation and these two reactions induce the oxidation of As(IIl) to As(V). The
oxidative precipitation of As(III) with the SO,-O, gas mixture in the presence of Fe(ILIII) is carried out under
various conditions. Here, SO, is a source of S(IV) and is mixed up to 30 mL/min with O, stream of 500 mL/min.
It is observed that SO, is absorbed into the solution and oxidized rapidly by oxygen, and As(Ill) is
simultaneously oxidized at considerable rate. The resulting As(V) comes into precipitation with Fe(Ill) species
at lower pH, and the concentration approaches the terminal values observed for the Fe(IIl)-As(V) solution after
pH adjustment. A rise in temperature and an increase in the feed rate of SO, in the oxygen stream can
accelerate the oxidative precipitation of As(1II) with Fe(III). By using this method, arsenic in the acidic solution
of high As(III) concentration can be effectively separated as amorphous scorodite FeAsO42H,0 from the
solution in a fairly low pH range where excess ferric ion stays in the solution. The oxidative precipitation
method with O, also proves to be effective for the removal of arsenic in the solution of low As(III) concentration.
Both sulfite salt (Na;SO;) and SO, gas can be used as the source of S(IV). Based on the present observation,
some processes are proposed for the separation of arsenic in acidic leach solutions of high arsenic(III)

concentration and for the removal of arsenic from effluents and waste waters of low arsenic(IIT) concentration.

6. Conclusions

The above-described results indicate that hydrogen peroxide coupled with Fe(ILIII) species, potassium
permanganate and oxygen coupled with S(IV) and Fe(III) oxidize As(III) at low pH both in the solution of high
As concentration and in its dilute solution. The redox systems considered in the present work make it possible
to effectively separate arsenic from the solution separately from the hydrolyzed ferric hydroxide precipitate and
remove arsenic to less than the level of the arsenic regulation of 0.1 mg/L through the oxidative precipitation of
As(Ill). By putting the redox systems, S(IV)/S(VI) and Fe(Il)/Fe(Ill) together, the oxidation of As(IIl) with
oxygen is significantly induced at lower pH. In view of the availability, cost, oxidation effectiveness and least
possible adverse effect on the environment, the use of oxygen coupled with S(IV) is a promising method for the

oxidation of As(III) and for the oxidative precipitation of As(III) in the presence of Fe(ILIII).
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