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Abstract: The selective recovery of lead from the zinc oxide dust using an alkaline Na,EDTA solution was investigated. The effects
of temperature, leaching time, Na,EDTA concentration and initial NaOH concentration on the leaching rates of lead and zinc were
studied. The following optimized leaching conditions were obtained: liquid-to-solid ratio 5:1 mL/g, stirring speed 650 r/min,
Na,EDTA concentration 0.12 mol/L, initial NaOH concentration 0.5 mol/L, leaching temperature 70 °C, leaching time 120 min.
Under the optimized conditions, the average leaching rates of lead, zinc, fluoride and chloride are 89.92%, 0.94%, 62.84% and
90.02%, respectively. The filtrate was used to electrowin lead powders. The average current efficiency of electrowinning is about
93% and lead content is higher than 98% under the conditions of temperature of 60 °C, current density of 200 A/m?, H3PO,
concentration of 1.5 g/L, and lead ion concentration of above 5 g/L. The consumption of Na,EDTA and the direct current are about
respectively 0.218 kg and 0.958 kW-h for per kilogram of lead powder.
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1 Introduction

The sediment soot zinc oxide dust (ZOD) is
produced in the process of fuming pyrometallurgical slag
from zinc and lead smelting. The dust contains
30%—65% Zn, 9%—25% Pb, and high content impurities
of fluorine, chlorine, arsenic and antimony. About
1x10°t ZOD accumulates annually due to lead and zinc
plants operation in China [1]. Due to its high metal
content and environmental impact, ZOD is regarded as a
secondary source of zinc rather than as a waste. The
Z0OD cannot be used directly for zinc hydrometallurgy,
and must be pretreated for corrosion problems using
electrolysis [2]. In 1999, Big River Zinc Co., installed a
zinc oxide washing and recovering plant to minimize the
impact of halides on its electrolysis circuit [3]. However,
this washing plant produced a large amount of
wastewater.

Recently, extensive studies have been carried out on
the treatment of ZOD by pyrometallurgical or
hydrometallurgical processes. These studies have found
pyrometallurgical processes to be less eco-friendly due to
its environmental pollution and high energy consumption

[4,5]. Therefore, the research has focused on different
hydrometallurgical processes for the recovery of zinc and
lead from the ZOD. Many researches have been done
using hot sulfuric acid to extract zinc from ZOD [6—8].
Lead is enriched into a semi-soluble PbSO, residue
during a H,SO, leaching stage. However, the residue is
not suitable for lead smelting because it contains low
lead content [9]. These stockpile residues cause serious
environmental pollution due to the presence of toxic
elements, such as lead and arsenic. In order to reduce the
environmental pollution as well as create a new source,
many new methods have been proposed, such as the
flotation [10] and chemical conversion of PbSO, into
more easily treatable compounds like PbCl, [11], PbCO;
[12], or PbS [5,9]. Besides the H,SO, Ileaching
techniques mentioned above, other leaching agents such
as HCl, CH3;COOH, and NaOH have also been reported
[13,14]. A disadvantage of these methods is that both
lead and zinc dissolve at the same time, which needs an
additional step to separate them.

Recent decades have witnessed a rapid development
of various leaching technologies for the remediation of
heavy metals from contaminated soils. Ethylenediamine-
tetraacetic acid (H,EDTA), discovered by BLAYLOCK
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et al [15] and WU et al [16], shows exceptional promise
due to its strong complex ability and relatively low cost
compared with other chelants. Compared with other
chelating agents, EDTA* used in soil washing achieves
better heavy-metal removal [17]. PETER and SHEM
[18] found that EDTA? can substantially increase the
release of heavy metals from contaminated soils, and
overall removal efficiency of 97.2% was achieved after a
six-stage washing with 0.05 mol/L fresh EDTA*
solution. However, the high cost and the generation of
large volumes of wastewater containing metal-EDTA
complexes hampered its widespread use in the
remediation of metal-contaminated soils. Therefore, the
main concern is to find a method of recovering metals, in
which the complexing agent can be reused. Several
EDTA recycling methods such as cementing Pb with
magnesium metal or bimetallic mixtures of magnesium
[19], electrochemical separation of Pb*" and EDTA*
using an Al anode [20], were studied on a laboratory
scale. The electrochemical method is a simple and
efficient method for the treatment of wastewater, but
forms negatively charged Al hydroxides at the anode.
Above all, EDTA? extracts zinc and lead removes into
solution simultaneously under weak acid conditions.
Furthermore, there is no practical and commercially
available method to recycle EDTA™.

In this work, a new process, involving selective
leaching and elelctrowinning, to separate lead from ZOD
was proposed. Alkaline Na,EDTA
introduced as a complexing agent to selectively extract
Pb from ZOD, and lead powders were selectively
electrodeposited from the filtrate. The spent electrolyte
adding Na,EDTA and solid NaOH was recycled to leach
fresh ZOD. The removal rates of fluoride and chloride
from the ZOD were also investigated.

solution was

2 Experimental

2.1 Raw materials

The ZOD used came from Chenzhou Yuteng
Chemical Industry Co., Ltd., Hunan Province, China. It
was produced by processing lead slag from a blast
furnace in a fuming furnace. The chemical composition
of the ZOD is shown in Table 1.

Table 1 Chemical composition of zinc oxide dusts (mass
fraction, %)

Pb Zn Cu In S F Cl As Sb
12.44 62.43 0.04 0.0199 3.2 0.16 252 0.032 0.047

From Table 1, it can be seen that the contents of
chloride and fluoride are high. It cannot be used directly
in a hydrometallurgical zinc plant because the relatively
high contents of chloride and fluoride pose malignant

corrosion problems during electrolysis. Leaching agents
were prepared using analytical reagent of Na,EDTA,
NaOH and distilled water.

2.2 Experimental procedure

Leaching experiments were carried out in a 2 L
plat-bottomed flask, with three necked tops for sample
extraction. A mechanical stirrer and a mercury
thermometer were placed in the solution. The
temperature in the flask was adjusted by thermostatically
controlling to £0.5 °C. All the tests were conducted at
temperatures between 30 °C and 90 °C. Agitation was
provided by a mechanical stirrer, and a stirring speed was
fixed at 650 r/min. For each test, 1.5 L solution
containing desired concentrations of Na,EDTA and
NaOH was added to the leaching reactor. After the
temperature attained a desired value, a 300 g ZOD
sample was added to the solution. 5 mL of slurry was
extracted at appropriate time intervals. After being
quickly filtered, 1.0 mL of filtrate was then diluted into 1
L for lead and zinc analysis. The hot slurry was filtered
with Whatman41 filter paper in a Bticker funnel after
each leaching experiment. The residue was weighed after
being dried at 110 °C for 24 h and then subjected to
analysis. The mixed filtrate containing 21.32 g/L Pb, 2.0
g/L Zn, and 0.12 mol/L Na,EDTA was used as the
electrolyte. The electrolytic cell used a Pb—Ag alloy
(1.0%Ag) as an anode, and a stainless steel plate as the
cathode, respectively. One side of an anode and a
cathode was used; the other side was coated with AB
glue. The overall cathode surface was 12 cmx6 cm and
the surface area ratio between the cathode and the anode
was set at 1.2:1. The electrowinning experiments were
carried out in a 2 L glass reaction vessel equipped with a
mechanical stirrer fixed at 10 r/min. A thermostat was
used for maintaining the desired electrolyte temperature.
1.0 mL of electrolytic solution sample was withdrawn
from the electrolytic cell at selected time intervals and
diluted to 1 L with distilled water. After electrowinning,
the collected lead powders were analyzed and the spent
electrolyte recycled back to the leaching stage.

2.3 Analysis methods

The elemental contents of lead and zinc in the ZOD
and the residues were analyzed by EDTA titration. Other
metal elements such as copper, indium, and antimony
were analyzed wusing an atomic  absorption
spectrophotometer (AAS—TAS990, Beijing Purkinje
General Instrument Co., Ltd., China). Chlorine and
fluoride were measured with a spectrophotometer
(JK—=VS—722G visible spectrophotometer, Shanghai
Jingke Scientific Instrument Co., Ltd., China). Sulfur
was measured with a sulfur and carbon analyzer (LECO
SC—444, Leco Co., Ltd., US).
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The zinc and lead in the solution as well as the lead
in the leached residues were analyzed by an AAS. The
current efficiency (CE) was calculated from the decrease
of zinc and lead concentrations in electrolytic solution.
The concentrations of EDTA in filtrates and electrolytic
solutions were determined spectrophotometrically
according to the procedure outlined by HAMANO et al
[21]. The pH measurements were carried out with a
pHS-3C digital pH meter (LEICI pHS—3C, Shanghai
Leici Device Works, China).

3 Results and discussion

3.1 Effect of parameters on leaching rates of lead and
zinc
3.1.1 Effect of leaching time
The leaching intervals were ranged from 15 to 180
min. The effects of leaching time on the leaching rates of
lead and zinc are shown in Fig. 1.
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Fig. 1 Effect of leaching time on leaching rates of lead and zinc
(Na,EDTA concentration of 0.15 mol/L, NaOH concentration
of 0.5 mol/L, temperature of 90 °C, liquid-to-solid ratio of 5:1
mL/g and stirring speed of 650 r/min)

Figure 1 shows that the leaching rate of lead
increases slightly, but with a slower growth rate as time
goes on, whereas the leaching rate of zinc decreases
slowly. The leaching rates of lead and zinc only reach
92.10% and 1.88% at the end of 180 min, starting from
85.02% and 2.10% at the beginning of 15 min,
respectively. This demonstrates that prolonging the
leaching time has little influence on the leaching rates of
lead and zinc. So, the suggested leaching time is set at
120 min for lower energy consumption and higher
productivity.

3.1.2 Effect of initial Na,EDTA concentration

EDTA can form coordinate chemical bonds with
most divalent metals (complexes) in a 1:1 molar ratio
and facilitate their solubilization from the solid into the
leaching solution. The effects of Na,EDTA concentration

on the leaching rates of lead and zinc were investigated
at Na,EDTA concentrations ranging from 0.1 to 0.25
mol/L. The results are shown in Fig. 2. It can be seen
from Fig. 2 that the leaching rate of lead increases
gradually as Na,EDTA concentration increases. On the
other hand, the leaching rate of zinc increases
significantly. This may be due to that the lead
concentration is about 0.12 mol/L if the lead oxide in the
ZOD dissolves completely. The EDTA® ions used as
ligands bind with lead ions to form stable complexes in a
1:1 molar ratio in an alkaline Na,EDTA solution.
EDTA” will not bind with zinc oxide if lead oxide is
present in the ZOD due to the lower EDTA”" affinity for
Zn*" than Pb*", as seen in Eq. (1).

Zn-EDTA+PbO+H,0=Pb-EDTA+Zn(OH), (1)

However, once the concentration of Na,EDTA
surpasses a certain point, excessive EDTA? will bind
with zinc, which leads to substantial increase in zinc
concentration. With this information, the appropriate
concentration of Na,EDTA is chosen to be 0.12 mol/L.
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Fig. 2 Effect of Na,EDTA concentration on leaching rates of
lead and zinc (NaOH concentration of 0.5 mol/L, temperature
of 70 °C, liquid-to-solid ratio of 5:1 mL/g, stirring speed of 650
r/min and leaching time of 180 min)

3.1.3 Effect of NaOH concentration

NaOH concentration is the most complicated factor
in lead and zinc extraction. When NaOH concentration
varies from 0 to 1.2 mol/L, the effects of NaOH
concentration on the leaching rates of lead and zinc are
shown in Fig. 3.

Figure 3 shows that the effect of NaOH
concentration on the leaching rates of lead and zinc can
be divided into two stages: 1) When the initial NaOH
concentration increases from 0 to 0.2 mol/L, the leaching
rate of lead increases significantly, and 2) when the
initial NaOH concentration is greater than 0.2 mol/L, the
leaching rate of lead changes insignificantly with the
increase in NaOH concentration. The leaching rate of
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zinc initially decreases with increasing NaOH
concentration, but remains relatively steady for the
concentration above 0.2 mol/L. These behaviors may be
caused by sulfates and chloride in the ZOD. NaOH is
used to neutralize SOj;  (9.6%, mass fraction) and CI
(2.52%, mass fraction) and further increase the leaching
rate of lead, as shown in Fig. 4. Once NaOH
concentration surpasses a certain amount, the conditional
stability constants for Pb—EDTA and Zn—EDTA
complexes will decrease and the amount of zinc present
will increase due to the formation of Zn(OH)l-z_i
complexes. However, considering that the addition of
NaOH has the least effect on the leaching rate of lead
according to the largest difference of leaching rates of
zinc and lead in Fig. 3, the appropriate NaOH
concentration is chosen to be 0.5 mol/L.
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Fig. 3 Effect of NaOH concentration on leaching rates of lead
and zinc (Na,EDTA concentration of 0.15 mol/L, temperature
of 70 °C, liquid-to-solid ratio of 5:1 mL/g, stirring speed of 650
r/min and leaching time of 180 min)
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Fig. 4 Effect of NaOH concentration on pH value of filtrate
(Na,EDTA concentration of 0.15 mol/L, temperature of 70 °C,
liquid-to-solid ratio of 5:1 mL/g, stirring speed of 650 r/min
and leaching time of 180 min)

3.1.4 Effect of temperature
To determine the effect of temperature on the

leaching rates of lead and zinc, leaching experiments
were conducted at temperatures ranging from 30 to 90
°C. The effect of temperature on the leaching rates of
lead and zinc is shown in Fig. 5. The results indicate that
the leaching rate of lead increases significantly from
82.54% to 89.98%, when the reaction temperature
increases from 30 to 70 °C at 120 min. However, in
comparison with the evident variation of the leaching
rate of lead, the leaching rate of zinc decreases slightly,
from 1.99% (2.48 g/L) to 1.79% (2.23 g/L), within the
same temperature variation. The maximum leaching rate
of lead is 92.1% at 90 °C for 3 h, and the minimum
leaching rate of zinc is 1.79% at 70 °C for 3 h. The
results demonstrate that the leaching of lead and zinc is
not sensitive to temperature, and considering the effect of
temperature on the DC consumption of electrowinning
lead, the optimized temperature is chosen to be 70 °C.
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Fig. 5 Effect of temperature on leaching rates of lead and zinc
(Na,EDTA concentration of 0.15 mol/L, NaOH concentration
of 0.5 mol/L, liquid-to-solid ratio of 5:1 mL/g and stirring
speed of 650 r/min)

3.1.5 Integrated leaching experiments

Based on the above mentioned single-factor
experiments, four integrated experiments were conducted
with a 5 L leaching reagent and the optimized leaching
conditions of Na,EDTA concentration of 0.12 mol/L,
NaOH concentration of 0.5 mol/L, liquid-to-solid ratio of
5 mL/g, stirring speed of 650 r/min, temperature of 70 °C,
and leaching time of 2 h. The results of these integrated
experiments are shown in Table 2. It can be seen that the
average leaching rates of lead and zinc are 89.92% and
0.94%, respectively. The results are highly repeatable
and lead and zinc are easily separable.

3.2 Electrowinning
3.2.1 Effect of H;PO, addition on anodic current
efficiency
The equation modeling parasitic PbO, formation on
the anode during electrowinning is shown as follows:

Pb—EDTA+2H,0—2e=PbO,+2H ' +H,EDTA )
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Table 2 Results of integrated experiments
Experiment No. Mass of residue/g Mass fraction in residue/% Leaching rate/%
Pb Zn F Cl Pb Zn F Cl
1 864.70 1.40 70.70 0.068 0.285 90.10 0.95 63.25 90.22
2 871.10 1.45 70.84 0.069 0.290 89.70 094 6243 89.98
3 862.75 1.50 71.62 0.070 0.293 89.51 095 62.26 89.97
4 860.40 1.39 71.79 0.068 0.296 9035 093 6343 89.89
Average 864.74 1.44 71.24 0.069 0.291 89.92 094 62.84 90.02

The deposition of PbO, on the anode has many
disadvantages, including impeding the oxygen evolution,
increasing the anodic potential, and raising the electrical
power consumption. It was reported that phosphorus
compounds added to the electrolyte could suppress PbO,
electrodeposition [22]. To examine the effect of H;PO,
addition on the anodic current efficiency, H;PO4 was
added at 0, 1.0, 1.25, 1.5, 1.75, 2.0, 3.0 g/L, respectively.
The anodic current efficiency (774cg) can be expressed as

m(PbO,)
my(PbO,)

TIAcE = x100% 3)
where m1(PbO,) represents the theoretical mass of PbO,,
and m(PbO,) represents the PbO, mass deposited on a

graphite anode. m(PbO,) can be expressed as
m(PbO,) =AIt

where A represents the electrochemical equivalent of
PbO,, [ represents current, and ¢ represents
electrodeposition time.

The effect of H;PO,4 addition on the anodic current
efficiency is shown in Fig. 6. Figure 6 shows that in the
absence of H;PO, the anodic current efficiency of the
PbO, electrodeposition is 54%. With the increase of
H;PO, concentration, the anodic current efficiency
decreases rapidly and then increases slowly. The optimal
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Fig. 6 Effect of H3;PO, addition on anodic current efficiency
(graphite anodes, initial Pb*" concentration of 21.32 g/L, initial
Zn** concentration of 2.0 g/L, temperature of 40 °C and
cathodic current density of 200 A/m?)

H;PO, concentration is 1.5 g/L.
3.2.2 Effect of Pb*" concentration on cathode efficiency
The variation of Pb®" concentration and cathode
efficiency with electrolysis time is shown in Fig. 7.
Figure 7 reveals that at high Pb®" concentrations, the
depletion rate of lead is approximately linear and tails off
as the concentration of lead decreases to about 5 g/L.
After this the concentration decays near exponentially
following the well-known expression for a reactor with a
diffusion-limited reaction [23]. There is almost no
change in zinc concentration. This experiment shows that
continuous removal of lead from the electrolyte, down to
a concentration of about 5 g/L, is achieved with current
efficiency of higher than 93% and lead purity higher than
98%. Below this concentration the current efficiency
decreases dramatically. Therefore, the appropriate
electrolysis time is determined when the concentration of
lead reaches about 5.0 g/L.
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Fig. 7 Variation of metal ion concentration and current
efficiency with electrolysis time (Pb—Ag anode, initial Pb*
concentration of 21.32 g/L, initial Zn>* concentration of 2.0 g/L,
H;PO, concentration of 1.5 g/L, temperature of 40 °C and
cathodic current density of 200 A/m?)

3.2.3 Effect of current density on cathode efficiency

The variation in cathodic current density during lead
electrowinning was studied in the range from 180 to 220
A/m* and its effects on the cell voltage, power
consumption and current efficiency are shown in Figs. 8
and 9, respectively. The results indicate that both cell
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voltage and power consumption during lead
electrowinning increase with the increase of current
density. The increase in cell voltage may be attributed to
the increase in both cathodic and anodic polarizations at
high current density. When the Pb*" concentration
decreases from 21.32 to 5.0 g/L, the average cathode
efficiencies at current densities of 180, 200 and 220 A/m>
are 96.92%, 94.28% and 90.03%, respectively. 200 A/m?
was chosen as the optimal current density for lower
power consumption and higher productivity.
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Fig. 8 Effect of current density on cell voltage and power
consumption (Pb—Ag anode, initial Pb** concentration of 21.32
g/L, initial Zn?* concentration of 2.0 g/L, H;PO, concentration
of 1.5 g/L and temperature of 40 °C)
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Fig. 9 Effect of current density on current efficiencies (Pb—Ag
anode, initial Pb** concentration of 21.32 g/L, initial Zn**
concentration of 2.0 g/L, H;PO, concentration of 1.5 g/L and
temperature of 40 °C)

3.2.4 Effect of temperature on cathode efficiency

The electrodeposition of lead from solutions
containing Pb*>" and Zn*" was studied at 30, 40, 50 and
60 °C, respectively. The effects of temperature on the
cell voltage, power consumption, and cathode efficiency
are shown in Figs. 10 and 11, respectively. From Fig. 10,
it can be seen that cell voltage decreases with increasing

the bath temperature. A significant decrease in power
consumption is observed with an increase in temperature.
Power consumption, however, decreases almost linearly
with increasing bath temperature. Current efficiency
holds at about 94% in the studied temperature range.
High temperatures are found to improve the quality of
deposition due to lower current efficiencies of zinc.
These results show that the most effective temperature is
60 °C, which has the benefit of preparing the sample for
electrolysis directly after leaching.
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Fig. 10 Effect of temperature on cell voltage and power
consumption (Pb—Ag anode, initial Pb*" concentration of 21.32
g/L, initial Zn?* concentration of 2.0 g/L, H3PO, concentration
of 1.5 g/L and cathodic current density of 200 A/m?)
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Fig. 11 Effect of temperature on cathode efficiencies of lead
and zinc (initial Pb*" concentration of 21.32 g/L, initial Zn*"
concentration of 2.0 g/L, H3;PO, concentration of 1.5 g/L and
current density of 200 A/m?)

3.3 Cycling experiments

In order to reduce the chemical reagent
consumption and to decrease the production of spent
electrolytes containing lead, NaOH and Na,EDTA, the
spent electrolyte should be reused to leach fresh ZOD.
Based on the previously mentioned experiments, the
optimal leaching conditions were chosen as follows:
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Table 3 Leaching and electrodeposition results after 5 cycles

1185

Experiment " e Copent  Pfit - Popent EDTA> EDTA>  EDTA” loss/

(EDTAY)/ (EDTA*) (EDTAY) (Pb*) (Pb™) npy/% ) ) »

No. 4 2 2 a 1 loss in elec./%  loss in filt./% (kgt)
(mmol'L"") (mmol'L") (mmol'L") (gL ) (gL )

1 143.50 134.49 129.52 26.72  5.11 89.45 6.28 3.46 217.5

2 143.52 134.45 129.46 26.62 496 89.56 6.32 3.48 218.24

3 143.46 134.44 129.39 26.58 4.87 89.47 6.29 3.52 217.29

4 143.39 134.50 129.28 26.56  4.82  89.29 6.20 3.64 218.21

5 143.28 134.35 129.14 26.52 478 89.64 6.23 3.64 218.68

Average 143.43 134.45 129.36 26.60 491 89.48 6.26 3.55 217.98

Na,EDTA  concentration  0.12 mol/L, NaOH 2) Continuous removal of lead from the electrolyte,

concentration 0.5 mol/L, liquid-to-solid ratio 5:1 mL/g,
stirring speed 650 r/min, temperature 70 °C, leaching
time 120 min. In the cycling experiments, the spent
electrolyte with a certain dose of Na,EDTA and NaOH
used to leach fresh ZOD. The optimal
electrodeposition conditions were chosen as follows:
temperature 60 °C, current density 200 A/mz, H;PO,
concentration 1.5 g/L, and lead ion concentration higher
than 5 g/L. During the electrolysis, the pH value
decreases due to the H' generation, as modeled in Eq.

(4):
Me(EDTA)+20H =MetEDTA% +0,+2H" 4)

was

The pH drop problem could be overcome with the
addition of solid NaOH. EDTA® loss will come from
two sources: absorbed in the leaching residues and
consumed in the anodic reaction. After each cycle,
EDTA? loss in the leaching and electrodeposition period
was calculated. The leaching and electrodeposition
results after 5 cycles are shown in Table 3.

The average leaching rates lead, zinc, fluoride and
chloride are 89.48%, 0.87%, 56.84% and 84.02%,
respectively. The increased concentrations of fluoride
and chloride in the leaching solution after five cycles are
0.989 and 20.38 g/L, respectively.

About 0.218 kg of Na,EDTA and 0.958 kW-h of
direct current (DC) were consumed for per kilogram of
lead powder. EDTA* is mostly absorbed by residues
during the ZOD leaching [24]. Some EDTA®
decomposed at the lead electrowinning stage, in which
EDTA? was anodically oxidized into CO,, formaldehyde
and ethylendiamine [25].

4 Conclusions

1) According to the results of single-factor
experiments, the optimal leaching conditions were
obtained as follows: Na,EDTA concentrations 0.12
mol/L, NaOH concentration 0.5 mol/L, temperature 70
°C and time 120 min. Under these optimized conditions,
the average leaching rates of lead and zinc are about 90%
and 0.94 %, respectively.

down to around 5 g/L, is accompanied by an average
current efficiency of higher than 94% and lead purity
higher than 98% under the conditions of Pb—Ag anode,
H;3PO, concentration of 1.5 g/L, temperature of 60 °C
and current density of 200 A/m’. Lead is recovered from
the filtrate relatively efficiently (>95%), mostly through
the electrodeposition on the cathode.

3) After running for five cycles, about 0.218 kg of
Na,EDTA and 0.958 kW-h of direct current were
consumed per kilogram of lead powder. Fluoride and
chloride are removed with 56.84% and 84.02%,
respectively, which is convenient for the further recovery
of zinc. Most EDTA? is absorbed into the ZnO residues,
though some EDTA?" decomposes on the anode.

4) Using alkaline EDTA solution to process ZOD
has the advantages of a shorter flowsheet, higher
efficiency, better stability and better selectivity on lead.
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AR AR S SR T e e 1 1 [0 YT 3

X F, HEE, HAKE, 4T #, BEER

S PNE R e

B 2ERE, Kb 410083

#  E: R Na,EDTA A UGB RO . SRS . Bl Na,EDTA #% fliidih NaOH
WRBEXT Y BER R o A BB A S 4 T A LG 5:1 mL/g $FEH A 650 r/min. Na,EDTA K 0.12
mol/L. NaOH #J4HHE 0.5 mol/L. ¥ 70 °C. ZHIE 120 min. EMRMIIRAMT, . BE FRISMTYY
BRI 89.92%- 0.94%- 62.84% K1 90.02% . 15 R T HLTRHT R o 763 N 60 °C FLTEE E h 200 A/m’
H;PO, WKJEN 1.5 g/L BV FIREAMET 5 /L BF, HUTRERR T3 I AR K210 93%, BIARETALEE =T 98%.
FLUTRR 1 kg 898 K21 HE 0.218 kg Na,EDTA Fl1 0.958 kW-h HifiE.

KR #Y; WEALEE; BRME Na,EDTA; HPIEL, ®H
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