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Abstract: A resolution method based on Gaussian-like distribution for overlapped linear sweep polarographic peaks was proposed to
simultaneously detect the polymetallic components, such as Zn(Il) and Co(Il), coexisting in the leaching solution of zinc
hydrometallurgy. A Gaussian-like distribution was constructed as the sub-model of overlapped peaks by analyzing the characteristics
of linear sweep polarographic curve. Then, the abscissas of each peak and trough were pinpointed through multi-resolution wavelet
decomposition, the curve and its derivative curves were fitted by using nonlinear weighted least squares (NWLS). Finally, overlapped
peaks were resolved into independent sub-peaks based on fitted reconstruction parameters. The experimental results show that the
relative error of half-wave potential pinpointed by multi-resolution wavelet decomposition is less than 1% and the accuracy of I,
fitted by NWLS is higher than 96%. The proposed resolution method is effective for overlapped linear sweep polarographic peaks of
Zn(II) and Co(II).
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1 Introduction

Hydrometallurgy is a major smelting technology of
zinc with superiority in environment protection, resource
utilization and mineral exploitation [1,2]. However,
simultaneous determination of polymetallic components
for the leaching solution of zinc hydrometallurgy fails to
realize automation, which endangers the optimal
operation of smelting process and lowers the
metallurgical technology level.

On the aspect of detection method for heavy metal
ions, linear sweep polarography has recently attracted
more research attention [3,4] due to its rapidity and high
sensitivity in simultaneous determination of polymetallic
components. However, its application is narrowed in
many cases, thereinto, prevalent overlapped peaks
resolution problem of detected signal becomes a
bottleneck to restrict the development of automation for
online analysis while polymetallic components coexist in
leaching solution. There are many resolution methods,

such as natural logarithm derivative method (NLDM),
immune algorithm, fractional-order differential and wave
transform. FERNANDEZ-GONZALEZ and MONTEJO-
BERNARDO [5] proposed an NLDM to accurately
estimate peak positions based on a linearization of
Gaussian curves, the method was used to detect a certain
extent overlapping peaks. SHAO et al [6] summarized
the use of basic immune algorithms and its modifications
for resolving multi-component, overlapping, gas
chromatography-mass  spectroscopy  signals, the
advantages and the disadvantages of [As were compared
with other resolution methods. LI et al [7] presented a
new resolution method for the overlapped peak using
fractional-order derivative, the specified peak signals
were obtained with the fractional-order differentiation
filter. JIAO et al [8] described the application of
continues wavelet transform for resolving overlapping
peaks from capillary electrophoresis. TOFT et al [9]
resolved severely overlapping mid-infrared mixture
spectra into the pure compounds spectra and
concentration profiles using SIMPLe-to-use Interactive
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Self-modelling Mixture Analysis (SIMPLISMA) and a
2nd order derivative approach. These methods for
overlapped peaks focus on the fields of spectra [10],
chromatogram [11] and voltammetry peaks [12].
Symmetric normal Gaussian, Lorenzian or Tsallis
distribution are usually taken as sub-models for fitting,
and then the overlapped peaks are separated into a
number of independent peaks, but the methods
mentioned above cannot be applied in asymmetry fields.
Linear sweep polarographic curve is a strong irregular
asymmetry distribution, which leads to the parameters of
sub-peaks contained in overlapped curves cannot be
effectively resolved.

In this work, a new resolution method based on
Gaussian-like distribution for overlapped linear sweep
polarographic peaks was proposed. Firstly, a
Gaussian-like distribution was constructed as the
sub-model of overlapped peaks by analyzing the
characteristics of linear sweep polarographic curve.
Then, the abscissas of peak and trough were pinpointed
as initial values of the model parameters for fitting
through multi-resolution wavelet decomposition, the
curve and its derivative curves were fitted by using
nonlinear weighted least squares. Finally, overlapped
peaks were resolved into independent sub-peaks based
on fitted reconstruction parameters.

2 Model formulation

Linear sweep polarography is a widely used
electrochemical analysis method using half-wave
potential, which limits the diffusion current of
polarographic curve. However, its curve is a strong
irregular asymmetry distribution and there is no simple
function representation between polarographic current /
and sweep voltage E, which leads to the parameters of
sub-peaks contained in overlapped curves cannot be
effectively resolved. To solve the problem, a distribution
is built to fit the linear sweep polarographic curve, then
the sub-peaks are reconstructed based on the fitted
parameters, which lays a foundation for qualitative and

quantitative analysis of polymetallic components
coexisting in the leaching solution of zinc
hydrometallurgy.

2.1 Characteristic analysis on linear

polarographic curve

The linear sweep polarographic curve is shown in
Fig. 1, where E,, E,p», I, and I, denote the peak potential,
half-wave potential, limiting diffusion current and
half-wave current, respectively. The linear sweep
polarographic curve has the following characteristics
according to analysis: 1) asymmetry; 2) the left side

(E>E,) can be approximated as a Gaussian distribution;

sweep

3) the difference between the curve and criterion
Gaussian distribution obeys an “S” type distribution
described by arc tangent function in this study.
Meanwhile, the determination results indicate that
residual current can be described as a linear function,
which affects the analysis of zero-order and first-order
polarographic curves.

0 E, E, E

Fig. 1 Linear sweep polarographic curve

2.2 Gaussian-like distribution construction
The linear sweep polarographic
monocomponent is approximately expressed by a linear
combination of Gaussian distribution, arc tangent
function and linear function based on Section 2.1:

curve of

#(x) = ke R 4, arctan[ks (x — kg )]+ i, (1)

where i ~kx+b', ki, **, ks, k' and b’ are the
reconstruction parameters of the curve. The Gaussian-
like distribution is shown in Fig. 2.

,//— Gaussian distribution
— m——=" == Arctangent function
e --- Linear function
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Fig. 2 Structure of Gaussian-like distribution

While polymetallic components coexist in solution,
linear sweep polarographic curve can be approximately
expressed by

w(x) = kel O ik arctanfks (x — kig )1} + I
i=1
(2)

where I,.=kx+b, k;1, ***, kis, k and b are the reconstruction
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parameters of the curve.

To improve the resolution, the first and secondary
derivative of Eq. (2) are calculated, and the first
derivative d(x) is obtained as

n 2
S(x)=Y {21«,.11% (x—E, )l o

2k1'3ki4 +k (3)
1+ki4(x—Ep,l.)

where E,; is the peak position of the i-th curve.
The secondary derivative y(x) is obtained as

y(x)= Z2ki]ki2 (x— Ep,i) +

y 2 2k k2 )C—E .
4ki1ki22(x_E i)zekiZ(kEw) - - 214( p’l)z
P [1+k,~4(x_Ep,,~)]
“4)

2.3 Constraints for reconstruction parameters

It is effective to pinpoint coordinates of each peak
and trough by wusing multi-resolution
decomposition [13,14], which can separate overlapped
peaks accurately by selecting optimal discrete detail D,
The optimal decomposition time j is calculated as

wavelet

j ~log, % (j is integer) (5)

where ¢ is the sampling period of polarographic signal,
pa and pg denote the peak potentials of prepeak and
postpeak, respectively. The separating degree R of
two-component overlapped peaks is calculated by Eq. (6)
as

R= 2(pg —pa) (6)
Wa +Wp

where ws and wg denote the half-peak widths of prepeak
and postpeak, respectively. The half-peak width is
defined as the difference between E, and £, as shown
in Fig. 1.

For the same signal, optimal decomposition time
only depends on the separating degree R but not wavelet
base.

The following parameters of
polarographic curve can be calculated by Egs. (1)—(6):

linear sweep

zero-order peak potential E,;
potential E,;;, first-order posttrough potential E,p,
second-order prepeak potential £, ;3, second-order trough
potential E, ;4 and second-order postpeak potential £, .

first-order prepeak

Meanwhile, constraints for Egs. (2)—(4) are obtained
based on the micro-deviations of peaks during derivation,
the constraint for Eq. (2) is calculated as

ky=kic ~ E, ; (7
the constraints for Eq. (3) are calculated as

1

-6 <E,; - —E,;, <¢
T N2k K
) (®)
—& < Epi +——Epi <&
T 2k ’2
the constraints for Eq. (4) are calculated as
<E 3 E . <
&S pJ‘W— piy = &3
i2
—&4 < Ep’, - Ep,i4 <& (€))
1
&5 SE, i +——=-Fk,; <&
T 7Ok, -
where g, ***, &5 denote the micro-deviations of peak and

trough during derivation. Take &=¢,=0.05, &;=¢4=¢5=0.10
as initial values.

3 Experimental

JP—-06B  microelement instrument
electrochemical analysis system was used as detecting
platform. A three-electrode with a hanging mercury
electrode as working electrode, Ag/AgCl (0.1 mol/L KCl)
as reference electrode and dimethylglyoxime a platinum
electrode as auxiliary electrode was used.

All the solutions were prepared with analytical
grade chemicals and doubly distilled water. HCI,
ammonia buffer solution, dimethyglyoxime, Na,SO;,
sodium citrate, OP—10 and NaNO, were used as
supporting electrolytes.

Confect mixtures containing Zn(II) (34 mg/L) and
Co(Il) (0.1 mg/L) with a certain amount of standard
solution were put into an electrolytic cell. The adding
order of solutions was HCI, ammonia buffer solution,
DMG, Na,SO;, sodium citrate, OP—10, NaNO, and
measured sample solution. The temperature was
maintained at 20 °C and pH=8.26. The mixtures were
measured by linear sweep polarography with JP—06B
microelement analysis instrument electrochemical
analysis system. The scanning potential was in the range
of —1.3 to —0.9 V, the scan rate was 25 mV/s, and the
standing time was 8 s. The signals detected were put into
the test platform to be processed.

As shown in Fig. 3, the linear sweep polarographic
curves of Co(II) and Zn(II) are overlapped in the voltage
range of —1.3 to —0.9 V.

analysis

4 Results and discussion

In order to verify the feasibility and effectiveness of
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the proposed method for the overlapped linear sweep
polarographic peaks, detected signal is transmited to the
test platform, then Gaussian-like distribution is taken as
sub-peak model. The abscissas of all peaks and troughs
are pinpointed by multiresolution wavelet decomposition,
namely substitute half-peak widths of the two sub-peaks
wa and wg, peak potentials of prepeak and postpeak pa
and pg into Eq. (6) to obtain the overlapped peaks
separating degree R, then sampling period ¢ and Eq. (5)
are combined to gain the optimal decomposition time ;.
For the detected signal shown in Fig.3, the optimal
decomposition time j is 8.

=]

Diffusion current /,/u A
—_— 2 L £ Ln o~ oo O

-1.1 -1.2
Sweep voltage E/V

1
=
g=]

-1.3

Fig. 3 Zero-order overlapped linear sweep polarographic peaks
of Co(1l) and Zn(II)
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4.1 Resolution results

The abscissas of peak and trough are pinpointed
based on multiresolution wavelet decomposition by
using the optimal decomposition time. The
decomposition result in MATLAB based on zero-order
curve is shown in Fig. 4. The optimal discrete detail dg
indicates that the peak potential of Co(Il) E, ¢, o=
—1.11 V, and the potentials of the first and second order
curves can be calculated simultaneously. All the data are
listed in Table 1.

To eliminate the influence of stray peaks and
residual current, NWLS [15,16] is applied for fitting. The
resolution speed and accuracy are comprehensively
considered, and the weight function is designed as
Eq. (10) due to the resolution focused on the two
overlapped peaks.

(x=Epy)’

2w§

(x-E,,)

2w|23

o(x)=e +e +

(10)

where E,; and E,, denote the peak potentials of the two
zero-order polarographic curve, respectively, reference
weight wy is introduced to improve the fitting correlation
degree, wo€[0,1].

The fitting results are shown in Figs. 5-7.

4.2 Performance analysis
Due to the asymmetry of Gaussian-like distribution,
it is difficult to map the undetermined parameters by
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Fig. 4 Zero-order decomposition map of Co(II) and Zn(II)
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Table 1 Potentials of peak and trough calculated by multi-
resolution decomposition

Order Potential of Co(I1)/V Potential of Zn(I11)/V
Prepeak Trough Postpeak Prepeak Trough Postpeak
0 —-1.11 - - -1.27 - -
1 -1.12  -1.15 - -1.25 - -
2 -1.12 -115 -1.16 -124 -1.30 -
10
gt
£
. F LN
< 8 - Zero-order polarographic curve ¢/ :
=2 --- Fitting curve £
= — Zero-order Co?* curve i
2 6f ~ Zero-order Zn** curve £ f/
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2
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=
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Fig. 5 Zero-order resolution results for Co(II) and Zn(II)
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Fig. 6 First-order resolution results for Co(I) and Zn(II)
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Fig. 7 Second-order resolution results for Co(II) and Zn(II)

using the proposed resolution method, which provides
constraints and optimal initial values. Two conclusions
can be drawn from the fitting results by selecting
different initial values for fitting.

1) The speed of NWLS fitting is largely raised
due to setting optimal initial values gained by multi-
resolution decomposition and introducing constraints for
reconstruction parameters;

2) The stability of NWLS fitting is also greatly
improved by introducing constraints for reconstruction
parameters.

The fitting correlation degree and mean square
deviation are listed in Table 2. The following conclusions
for fitting results can be drawn from Figs. 5-7 and
Table 2.

Table 2 Statistics of fitting correlation degree and mean square

deviation
Order Correlation degree Mean square deviation
Zero 0.99 0.026
First 0.95 0.16
Second 0.96 0.048

Confect mixtures containing Zn(II) of 34 mg/L and Co(II) of 0.1 mg/L.

As seen from Table 2, zero-order has the maximum
correlation degree (0.99) and the minimum mean square
deviation (0.026), those of the second-order are 0.96 and
0.048, and those of the first-order are 0.95 and 0.16. The
maximum relative error appears on the interval of [-1 V,
—1.13 V] due to stray peaks generated by the reaction
occurred between supporting electrolyte and sample
leaching solution. The analysis precision of determined
components can be improved by selecting different
weights.

The validation and reliability are further verified
according to the experimental
monocomponent as listed in Table 3.

comparisons  of

Table 3 Fitting results and experimental comparisons
Epn 1
Order Measured/ Fitted/ Relative Measured/ Fitted/ Relative

\Y% V  error/% HA pA  error/%
Zero —-1.06 -1.07 -0.94 0.90 092 22
First -1.13 -1.13 0 0.064  0.066 3.1
Second —1.13 -1.13 0 0.013  0.013 0

Tables 2 and 3 indicate that the relative error of E,,
of zero order is less than 1%, and that of the first order
and second order are 0, which proves that multi-
resolution wavelet decomposition has the ability to
pinpoint potentials of each overlapped sub-peak. The
relative error of I, of zero order is 2.2%, and that of the
first order and second order is 3.1% and 0, which proves
that NWLS fitting is effective to resolve overlapped
linear sweep polarographic peaks of Zn(II) and Co(II).
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5 Conclusions

1) A new resolution method was proposed for
overlapped linear sweep polarographic peaks. Detection
for the polymetallic components coexisted in leaching
solution of =zinc hydrometallurgy was taken as
background.

2) A Gaussian-like distribution was built to describe
the sub-peak of the overlapped peaks and multi-
resolution wavelet decomposition was used to pinpoint
the characteristic parameters of overlapped peaks. Based
on the constraints of reconstruction parameters,
overlapped curves resolution was implemented by using
NWLS fitting. The experimental results show that the
proposed method is feasible and effective for overlapped
linear sweep polarographic signals of Zn(II) and Co(II).

3) The resolution of overlapped peaks is
successfully extended into asymmetric sub-peak field by
constructing asymmetric distribution, which provides
references for other overlapped peaks composed by
asymmetric sub-peaks.
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