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Reactive behaviors between As(III) and metallic iron in
acidic aqueous solution
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Abstract: The reactive behaviors between As(III) and metallic iron in acidic aqueous solutions were investigated
thermodynamically and experimentally. The thermodynamic calculation results show that the reactions between As(III)
and metallic iron in acidic aqueous solutions, which produce both elemental arsenic and AsHj gas, respectively, are
feasible thermodynamically. The experimental results show that, owing to the kinetic reason, the reaction producing AsHj
gas never occurs actually under a wide range of the conditions, such as, temperature from 20 to 80 C, initial solution pH
value from —0.31 to 4, initial As(III) concentration from 1 to 20 g/L, and a massive surplus in iron powders. Under these
conditions, the iron powders can only reduce As(II) ions from solution as elemental arsenic deposition. These factors,
such as surplus coefficient of iron powders, solution pH value and temperature, all have obvious effects on the arsenic
deposition rate. The arsenic deposition rate increases with the increase of the surplus coefficient of iron powders and
temperature, while the best result of arsenic deposition rate is obtained when the pH value is 3. In acidic aqueous
solutions, the reaction of iron powders replacing As(IIl) is difficult to progress quickly to the end, the reason may be that
arsenic reduced deposits on the surface of iron powders retard the reaction forward. Moreover, a higher arsenic deposition
rate is obtained under the condition of pH=3 or higher temperature, the reason can be deduced that, under these
conditions, arsenic deposits in loose form, and does not closely coat the surface of iron powders, thus making the
reactions between As(III) and iron powders sustainable.
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Fig. 1 SEM image of reduced iron powders used in

experiment
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Fig. 2 Schematic diagram of experimental equipment: 1—

AsH; absorption bottle; 2—Electrometer; 3—Agitator; 4—
Three-neck flask; 5—Thermostatic water bath; 6—pH/ORP

meter
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Table 1 Distribution percent of arsenic and final solution pH

value at different excess coefficients in iron powders (1)

" Mass fracton/% Final solution
Residue  Solution Gas pH value
1 491 94.30 0 0.02
1.25 6.39 92.71 0 0.02
1.5 7.81 91.39 0 0.05
1.75 15.2 84.3 0 0.13
2 19.1 80.4 0 0.18
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Fig. 4 Changing curves of mixed electric potential in
experimental solution with time at different iron powder excess
coefficients
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Fig. 5 XRD patterns of residues obtained at different iron
powder excess coefficients: (a) 1.0; (b) 1.25; (¢) 1.5; (d) 1.75;
(e)2.0
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Table 2 Distribution percent of arsenic and final solution pH

value at different initial solution pH values

Initial solution Mass fraction/% Final solution
pHvalue  Residue Solution  Gas pH value
—0.31 13.0 86.9 0 —-0.29
0.0 19.1 80.4 0 0.18
0.5 13.3 86.1 0 0.62
1.0 12.7 86.3 0 1.15
2.0 27.6 71.2 0 3.30
25 323 66.6 0 3.91
3.0 41.3 57.2 0 -

3.5 234 75.7 0 -

4.0 18.1 79.8 0 -
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Fig. 6 SEM images of residues obtained in experiments at different initial solution pH values: (a) pH=—0.31; (b) pH=0; (c) pH=0.5;
(d) pH=1; (¢) pH=2; (f) pH=2.5; (g) pH=3; (h) pH=3.5; (i) pH=4
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Changing curves of mixed electro potentials in
experimental solutions with time at different initial solution pH

values
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Table 3 Distribution percent of arsenic at different initial

As(IIT) concentrations

1 0,
Initial As(II) concentration/ Mass fraction/%

(gL™)

Residue  Solution  Gas
1 13.5 84.8 0
5 19.1 80.4 0
10 19.5 80.3 0
20 20.8 78.3 0

x4 AFHEET As MR

Table 4 Distribution percent of arsenic at different
temperatures
Mass fraction/%
Temperature/'C
Residue Solution Gas
20 17.0 82.2 0
40 19.1 80.4 0
60 333 66.2 0
80 62.8 36.5 0
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1) 22 BRIk .

Kl 10 ik 80 CSES0 UEH EDS 43 Hr 4R o th K]
10 AL, 75 80 CHAAMFR, YRR 22 BRI HUH
FAEYR R, RN R MY R g, 15
BT DARFEEIEAT, SR IR i i, DR,
TEIZSAE N HIDTRERE R o 1TAE 204 40+ 60 “C 451
T, AR A R M TR B T, BELAF T RN I AE
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Fig. 9 SEM images of residues obtained at different temperatures: (a) 20 ‘C; (b) 40 C; (c) 60 ‘C; (d) 80 'C
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