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ABSTRACT: Our work has showed several results related to assessment for the role of rare earth
oxide in the R2O, - RuO2 - Pt composite electrode. The precursor method was used for preparing
composite electrode in the following forms:

a- RuO2 -Pt electrode

b- La2O3 (55%) -RuO2(45%) - Pt electrode
c- CeO2 (60%) - RuO2 (40%) - Pt electrode

By measurements of anodic polarization and cyclic potential for the types of a, b, c electrodes we
can see that the La2O3 (55%) - 45% RuO2 - Pt electrode will be the best anodic electrode. It
means that the partial replacement of ruthenium oxide by lanthanum oxide in composite oxide
electrode will be an effective one.

1. INTRODUCTION

Ruthenium oxide - based oxide electrodes have typical characteristics of large
capacitances due to their high electric conductivity. The application of large
capacitances of ruthenium oxide electrodes to an electrochemical capacitor system has
been proposed by Trasatti [1] and Conway [2]. Porous electrodes containing single
ruthenium oxides are required for the characterization and design of ruthenium oxide
electrodes. A novel method should be required for preparing highly porous RuO2/Pt
electrodes. It has been previously found that porous structures of RuO2-R2O3/Pt
electrodes were prepared from the thermal decomposition of RuCl3 and RC13.

In this study, assessment for the role of rare earth oxide in the R2O3 - RuO2 - Pt
composite electrode is presented.

2. EXPERIMENTAL

Substrates of electrodes used in this study were platinium plates with a size of
3x20mm. The substrates were first etched in 10% oxalic acid solution at 80°C for lh,
then washed with distilled water and dried. The electrodes were dipped into the mixture
of the ethylene glycol solutions of 0,5 moLdrrf1 RuCl3.nH2O and 0,5 mol dm'3

RCI/nH2O. After dried at 60"C for 10 minutes, the substrates were calcined at 450°C in
an electric furnace for 10 minutes to decompose metal salts into their respective oxides.
All specimens were treated 10 times in that way [3].

3. RESULS AND DISCUSSION

3.1. Study on XRD patterns of (2) RuO2/Pt and (1) La2O3 - RuO2/Pt
electrodes

From assessment for content of chemical compounds by XRD patterns of oxide
electrodes we can see that the main composition of oxide film of ruthenium electrode is
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RuO2 and the ones of oxide lathanium ruthenium electrode are La2O3, RuO2 and
LaRuOv

Tlie LaRuO, compound is a perovskite with structure of "LaO12" and "RuO6".
The perovskite LaRuO3 compound is very highly conductive. This compound has
increased conductivity of oxide film.

3.2. Study on the SEM pictures of oxide film electrodes

Fig.l shows SEM pictures of surface of (2) RuO2/Pt and (1) RuO2 - La2Oj/Pt
electrodes. '

It can be seen from Fig. 1 that a more porous structure was observed for (1)
RuO2 - La2O/Pt. The presence of lanthanum ion in ruthenium oxide film makes the
ruthenium oxide film become more porous. It is likely that lanthanum chlorides act as
pore initiators. The pore formation is caused by disordering ruthenium oxide clusters
during thermal decomposition with rare earth chloride [4].

The coordination of lanthanum ions to ruthenium oxide clusters is critical for the
pore formation.

The mechanism of pore initiation should be further studied.

Pic.l

Pic. 2

Figurel: Scanning electron micro graphs of (2) RuO2/Pt and (1)
RuO2 - La2(VPt electrodes

3.3. Study on the anodic polarization of (2) RuO2/Pt and (1) RuO2 - La2O3

electrodes

Fig.2 shows current - potential curves of the anodic polarization of (2) RuO2/Pt
and (1) RuO2 - La2O3 electrodes in the 0 -2,4v potential range.
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From fig. 1 we can see in the 0 -lv potential range the magnitude of anodic
current increases slowly. It means that in this potential range electric energy only used
for charging double layer of electrode.

In the range of 1-2V, the anode current increases rapidly. It means that the over
potential of chlorine evolution in this potential range is loo small. From fig.2 we can
observe that at a given potential value in the I-2V range, the current density (anodic
rate) for electrode (1) is larger than thai for electrode (2).
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Figure 2: Anodic polarization curves of the following electrodes

2-RuO2-Pi electrode

1- R»O2 - La2O, electrode

4. CONCLUSIONS

The work has presented results related to useful replacement of 55% ruthenium
oxide by 55% lanthanum oxide in ruthenium oxide electrode.

Experimental results hitherto obtained offer sufficient encouragement for a
further systematic study of the best conditions for preparing completed compounds in
the R. RuO, form.
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ABSTRACT: The objective of the present studies is to investigate feasibility of zinc recovery
from ZnO-containing wastes by hydrometallurgical method using ammonia ammonium
carbonate or ammonia ammonium sulfate systems.

Factors that effect the processes sucli as temperature, concentration of leaching reactants,
leaching lime and mixing conditions were investigated to determine optimum processing
parameters.

Based on the obtained results, a leaching system containing 100 g NH3/I and 80 g COj/l can
selectively dissolve zinc from wastes of metallurgical processes in the form of zinc ammonia
complexes at temperatures in the range of 30 - 55"C, achieving ajeaching yield of around 95-
100%. Basic zinc compounds with high purity can be obtained by removing ammonia from
leach liquor with a leaching yield of around 90 - 95%.

INTRODUCTION

In the national economy, demand for the use of zinc oxide in various sectors as
vulcanizing accelerator, additives in ceramic production, and semiconductor is more and
more increasing. A large amount of zinc oxide found in by-products and even waste
materials from numerous industries requires research institutes and producers to look for
appropriate technologies for effective treatment and recovery. Conventional
hydromelallurgical methods normally use inorganic acids for leaching zinc. However,
these methods are proved to be not effective due to their low efficiency of recovery as
well as low purity of the product, which is always caused by accompanying impurities.
Therefore, in order to obtain pure zinc oxide efficiently, it is necessary to use selective
leaching agent systems

The use of aqueous ammoniacal-ammonium carbonate or other ammonium salts
solutions to leach zinc oxide is an effective solution due to high possibilities of
dissolving zinc oxide from other impurities that do not take part in the reaction and
recycling leaching solvents. The leaching process is based on the formation of soluble
complex of zinc in aqueous solution containing high concentration of ammonia and
coleaching agents. And this complex plays an important role as an intermediate
compound to recover zinc in the form of basic zinc salts.

RESULTS AND DISCUSSION

The hydrometallurgical processes that are widely used to recover zinc from zinc
containing industrial wastes typically consist of stages such as selective dissolution
(leaching), purification, precipitation, filtration, and washing. The processes take place
according to the following reaction equations:

ZnO + (NH4)2CO3 + 2NH4OH = Zn(NH3)«CO3 + 3H2O (])
Me2++ Zn = Me + Zn2+ (2)
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5Zn(NH.,)4COj +3H2O = 2ZnCO,.3Zn(OH)2.H2 O + 3CX)2+20NH3 (3A)
4Zn(NH,)4CO3 +4H2O = ZnCO3.3Zn(OH)2.H2O + 3CO2 + 16NH3 (3B)

In the dissolution stage, many factors can impact on the leaching process, such
as concentration of reactants, temperature, leaching time and mixing condition. Based
on the published studies, nature of the leaching process and the solubility of pure zinc
oxide in the solution of ammonia ammonium carbonate, the initial conditions for
treating two kind of zinc wastes - residue 1 and 2 from zinc oxide production lines by
using metallurgical processes (French and American processes) are proposed as follows:

- Temperature: from room temperature to 60 "C.

- Mixing factor: static or stiring at about 50-60 r/m)

- Concentration of reactants: 100 gNH3/l va 80gCO2/l.

The concentrations of zinc in leach liquor were analyzed to determine the effect
of technological conditions on the process and calculate the leaching yield. The obtained
results are showed below:
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Figure 1: Effect of leaching temperature Figure 2: Effect of leaching time on the
on the leaching yield leaching yield

Table 1: Influence of mixing factor on the leaching yield - residue 1

N°

1

2

3

4

Temperature

Room temperature

Room temperature

55 "C

55 "C

Leaching type

static

stiring (60 r/m)

static

stiring (60 r/m)

Yield %

(after lh)

55.3

68

60.7

78.6

Yield %

(after 1.5 h)

57,8

75.8

62,8

82.2

Yield %

(after 2h)

60

84.4

65.7

95.5
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Table 2: Influence of mixing factor on the leaching yield - residue 2.

N°

1

2

3

Temperature

Room temperature

Room temperature

Room temperature

Leaching type

Static

Discontinuously stiring

Stiring (60 r/rh)

Yield (%)

70

100

100

From the experimental data, we can see that residue 1 could be leached with
stiring rate about 60 r/min by using ammonia - amonium carbonate solution (100 g NH,
/ 1 and 80 g CO2/1) at 55 "C in 2 hours, achieving a yield of around 95% while the
residue 2 could be leached without stiring at room temperature, achieving a yield of
nearly 100 %.

Based on the obtained results from system of zinc waste - ammonia ammoni
carbonate, a leaching process by using ammonia ammonium sulfate system (100 g NH,
/ 1 and 230 g (NH4)2SO4 / 1) was investigated. The obtained results are showed in the
table 3. The test results showed that the residue-2 could be leached with stiring at about
60 r/min at room temperature in an hour with a leaching yield of around 98% .

Table 3: The results of trial leaching zinc residue in ammonia
ammonium sulfate solution

N°

1

2

Kind of residue

Residue 2

Residue 2

Temperature ("Q

Room temperature

45"C

Cone. ofzinc(gZnO/I)

126.2

138.6

Yield (%)

98.1

100

The leach liquor was analized to determine the concentration of impurities such
as Pb, Fe to consider options for purification of the solution by using cementation
method with pure zinc powder. The basic zinc carbonate precipitate could be obtained
by stripping gas through leaching solution, which was heated to around 70-80 oC, to
release ammonia.

The precipitate after filtering, rinsing and drying was calcined at about 650-
700"C to obtain pure zinc oxide products. The contents of zinc, lead and iron were also
analyzed to determine the quality of intermediate and final products and to calculate the
recovery yield of the total process. The obtained results are showed in the following
tables.

Table 4: The specification and recovery yield of basic zinc carbonate

N°

1 ,

2

Type of residue

Residue 1

Residue 2

Type of reactant system

NH, - (NH4)2CO,

NH3 - (NH4)2CO,

%Pb

<0,05

<0,05

%Fe

<0,l

<0,l

Yield (%)

85%

95%
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Table 5: The specification of zinc oxide product

IN"

1

Type of residue

Residue 2

Type of reactan! system

NH, - (NH,)2CO,

%Pb

3,2.10"

• %Fe

4,0.10'

%ZnO

99,4%

CONCLUSION

1. Zinc oxide can easily be leached by ammonia ammonium carbonate solution
in the form of zinc-ammonia-carbonate complex Zn(NHt)xCO, where x can be 4 or 6
depending on the concentration of ammonia and in the investigation system in which x
value is about 4.

2. Zinc oxide in the residue ] (ZnO-containing waste of zinc oxide production
line by using American process) can selectively be leached with stiring rate 50-60 r/m
by ammonia-ammonium carbonate solution in about 2 hours at a temperature close to 55
"C. The leaching yield of process can reach 95%.

3. Zinc oxide in the residue 2 (ZnO-containing waste of zinc oxide production
line by using French process) can selectively be leached with discontinuosly stiring by
ammonia-ammonium carbonate solution in about 1 hours at room temperature. The
leaching yield of process can reach 100%.

4. Zinc oxide in the residue 2 (ZnO-conlaining waste of zinc oxide production
line by using American process) can selectively be leached with stiring rale 50-60 r/m
by ammonia-ammonium sulfate solution in about a hour at a temperature close to 45 "C
or room temperature. The leaching yield of process can respectively reach 100% or
98%.

5. The leach liquor can be purified by cementation method using zinc powder
(if necessary). The purified leach liquor was then subjected to a gas stripping to release
ammonia for recovering zinc basic carbonate. The zinc precipitate is calcined at about
650 - 700 "C to produce a zinc oxide product, which is analyzed to contain 99,4% zinc
oxide and less than 0,05% Pb, Fe and the recovery yield can reach 85 - 94% depending
on the type of zinc wastes.
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