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Abstract

Chronopotentiometry technique was employed to study the nature of CuQ leaching in various solvent
systems. Chironopotentiometry curves were obiained using a carbon pasie eiecirode as the working
electrode. The potential-time curve was obtained applying a constant potential of 2V and varying the
current from 10 X 104 10 200 x 109A. The slope of the curves varied between 427 2t 10 x 1064 10 -
29.63 at 50 x 10 A to -5.85 V/s at 200 x 10°A. Correlation values obtained were between -0.972 1o -
0.948. For the chronopotentiometric curve at a particular current density, the it term becomes
independent of further change in current value. This indicates that copper oxides dissolution is
controlled by solid-state diffusion.

Keywords: Chronopotentiometry, agueous and nonaqueous solvents leaching

Introduction

Copper ore generally found in nature are mainly sulphides or oxides or a mixture of these
two. To recover copper from ores of carbonate origin it is difficult by conventional
metallurgical techniques ). Oxidised copper minerals cannot be effectively separated from
carbonate gangue minerals by floatation and direct acid leaching is not economical because
of cxcessive acid consumption. The recovery of copper from oxidised copper ores by
ammonia or cyanide leaching is technically feasible, bul leachant generation laces a problem.
The chemistry of copper oxide leaching i % depends upon various factors of which leachant
and solvent system plays an important role. The leaching of metal oxides is favoured in the
presence of an added oxidising or reducing agent. The leaching of copper oxides with
aqueous solution of suiphur dioxide  '% is of broad commerciai interest. DMSO was ciosen
as the non-aqueous solvent for the electrochemical studies due to its unique properties e R
In the present work, Chiounopotentiometry au elecirochemical technique is used, in which a
current signal is imposed on a quiescent electrochemical cell and a response signal, usually
the potential of the working electrode is measured and plotted as a function of time. Here the
current step is impressed across an electrochemical cell containing unstirred solution {8

Materials and Methods

All chemicals used (hroughout (bese studies were citber of AR grade or were purilied using
known techniques [, CuQ obtained from S.D. Fine chemicals was used as received. DMSO
was of AR grade and was purified by keeping in 3A" molecular sieves to absorb water 1201,
AR grade TBAP was obtained from Fluka and was oven dried for 1 hour at 100 °C before the
experiment. KC! was AR grade and was used as such. Sodium sulphate, Iodine, EDTA of
AR grade were used and were obtained from S. D. Fine Chemicals. Graphite powder and
paraffin oil used were of reagent grade. Nitrogen gas was obtained from Industrial Oxygen
Ltd. with 99% purity. Suiphur dioxide gas was supplied by INOX ird. in smali voiume
capacity and was used directly.

Electrode systems: Electrochemical studies were conducted using a five necked round
bottom flask. Elecirochemical measurements were carried out using a three electrode system

it a woaelrineg alanteada MMEY an anwilioms or onunter n?n»trnrln FOTEY and o rafaraman alanteadas
1.C., WOILGINE CUCTUoG0 (v i), dal Gladiid y wi virldidlel bl COC (D wiil Lavivivive vivbuvus

(RE) 12! 221 The WE was made up of graphite paste **"), platinam wire served as a CE and
the RE electrade nsed was SCF for aqueous sohition and a silver wire which served as a
quasi-reference electrode (QRE) in non-aqueous solution.
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The solution was purged for about 1 hour before each
experiment with pure nitrogen gas to remove any dissolved
oxygen. The studies were performed in the inert nitrogen
atmosphere which was maintained during the run of the
experiment. The QRE was placed very close to the WE to
eliminate any iR potential drop in the solution. An unstirred
solution at room temperature was used for the
measurements.

Estimation of copper: Copper was estimated by EDTA
method 51, About 200 mg of copper oxide was taken in a
beaker and then 2 ml of conc. HNO;, 2 ml of conc. HoSO4
and about 1-2 drops of 70% perchloric acid was added in it.
The solution was heated strongly to dryness. The sample
treated above was dissolved in 5 md of 2N TIC), then 10 ml
of conc. Ammonia solution was added. The resulting
solution was titrated against 0.01 M EDTA solution using
Fast Sulphon Black F as an indicator. The colour changed
from blue to pale green in the vicinity of endpoint. The
metal % was calculated as:

1000 ml of 1M EDTA = 63.54 gm of Cu.

Determination of Sulphur dioxide concentration: In a
conical flask known volume of standard 0.1 N iodine
solution (10-25ml) depending upon the concentration of
sulphur dioxide in the solution was taken and diluted with
distilled water to about 150 mi and acidified with 5 mi of 2
N HCl . Then the known volume of aqueous sulphur
dioxide solution was taken in a pipeite and was slowly
added to the solution in the conical flask and the excess
iodine was titrated against standard 0.1 N sodium thiosulfate
solution, using starch as an indicator. The total volume of
standard indine solution taken minug the hurette reading
gave the amount of iodine which has reacted with aqueous
sulphur dioxide. From the following reaction.

SO; 2+ I+ HyO = SO 2 + 2H + 21
HSOs; + L, +H,0=8S04%+ 3H" + 2I

It follows that

1 ml 0.1 NI =0.0032 gm SO,

In case of determination of sulphur dioxide in DMSO, due
to high concentration of sulphur dioxide very low volume of
the solvent mixture i.e.; 0.1 ml was taken for iodometric
analysis.

pH Meter: The pH of the solution was measured with the
Elico pH-meter instrument. The instrument was
standardised using buffer tablets before each experiment.
Potentiostat: Electrochemical measurements were performed
using a E.G & G Princeton Applied Research Corporation
273 Potentiostat/Galvanostat model. M270 electrochemical
software was used for various functions of the instrument.
The instrument was connected to a 386 computer along with
a printer.

Results and Discussions

Chronopotentiometry study of CuO in water:
Chronopotentiometry iechnique was empioyed io study the
nature of CuO leaching in  waler system.
Chronopotentiomefry curves were obtained using carbon
paste electrode as working electrode. The potential-time

curve was obtained by keeping the potential constgmaand 5=

s

s chemicaliowrnal. in

varying the current density. The variation of potential as a
function of time was measured.

Table 1: Chronopotentiometric data of CuO in water at various

CuITent range.

Current | Time | Area| Area | Slope

A0%4) | (5) | (Vs) | (Vs | 103 vss | Chi-square | Correl
10 | 120 |-258] 1.84 | -921 0.07 004
10 | 40 [-145] 273 | -15.83 0.21 -0.95
10 | 30 | <12 | 323 | -18.88 016 0.97
S6 0 |[-16.2! 448 -13.36 0.07" .97

An initial potential of 1.0 V was fixed and the current
densities were varied from 10 x 10 A to 50x 10 A. The
fransition time was measured in different current ranges
keeping the step time constant at 10 seconds. The plot of E
versus t at a particular current range shows that as the
current range is increased i.e.; 10x 10° A to 50 x 106 A, the
potential value decreases in an increasing trend. The
potential value initially decreases up to 30 seconds, and then
almost remains constant at a particular current range. Both
at very low aud very ligh cuceut value, ihie plots shiow
irregular behaviour.

It was observed that after a certain current value, the it!?
term becomes almost constant. There is no further change in
potential with increase in current density. The term it'?
becomes independent of current density as shown
previously. The behaviour of it'? can be effectively used to
study mechanisms of electrode reactions. A constant value
of it'? over a wide range of i indicates simple, diffusion-
confrolled clectrode reaction with no kinctic or adsorption
phenomena at a planar electrode.

The area of the curve using chronopotentiometry data for
both E versus t and E versus t'2 has been obtained. Table 1
shows the value at different current ranges. The area of the
curve decreases from -25.79 Vs to -12.02 Vs for E versus t
and 1.84 to 4.48 Vs'? for E versus t'2, It was obscrved a
gradual increase in area at a fixed time period of 10 seconds.
The area of the curve above 0.5 x 10* A increases rapidly
and later on becomes irregular.

The slopes of CuO in water were obtained at different
current ranges using E versus ¢ plots are shown in Table 1.
The slope value increased from -9.21 x 103 V/s at 10 x 10
A and 120 seconds to 18.88 x 107 V/s at 10 x 10 A and 30
seconds. Above 50 x 10 A, the slope value decreased to
13.36 x 10° V/s. The slope value is maximum around 10 x
10 A, The chi-square and correlation value were calculated
using E versus t plots. The chi-square decreased from 0.17
to 0.07 at 10 x 10 A. The correlation value varied from -
0.977 to -0.947.

Chronopotentiometry study of CuO in water-sulphite
system: Chronopotentiometry curves were employed to
determine the nature of CuQ in the water-sulphite system.
The curreni denstiles appiied were 10, 25, 50, 75 und 166 x
10 A with the initial potential fixed at 1.0 V. The step time
was kept constant throughout the experiment. The E-t plots
were obtained at various pH. It was observed that with the
increase in current range from 5 x 10 A to 100 x 10 A, the
potential value decreases in an increasing trend. The
potential value initially decreases upto 0.5 seconds and then
almost remains constant at a particular current range. It was
seen that at current ranges lower than 10 x 10 A and higher
than 100 x 10 A the chronopotentiometric plots are ill-
éegged. This trend is seen at all the pH values studied.
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Table 2: Chronopotentiometric data of CuO in water +sodium sulphite system at various current range and at various pH.

Current (10°°A) Time (§) | Area(Vs) i Area (Vs?) Siope 10 Vs | Chi-square i Correl.

at pH 8.8 |

: 3 10 282 | 083 73.43 0.82 T 096 !

10 10 -5.03 -1.07 -96.35 678 | 084 |
25 10 -7.63 1.99 -43.15 242 -0.76
50 10 -8.09 -2.17 -35.57 3.06 -0.65
75 10 9.11 -2.50 27.06 2.06 -0.55

100 10 -8.79 -2.52 -16.85 2.88 | -0.39 N

at pH 3.0 |

| 3 i0 -0.07 0.1 -27.50 0.04 -0.98 i
10 10 -3.87 -0.96 -42.15 0.89 -0.88
25 10 -6.80 -1.83 -37.33 1.50 -0.79
50 10 -9.57 -2.69 -27.28 3.49 -0.53
100 10 -11.94 -3.36 -26.34 4.37 -0.47

atpH 2.2

10 10 -3.04 -0.75 -3R.33 0.75 -0.88 |
25 10 -6.69 -1.72 -46.42 0.94 -0.89
50 10 -8.99 -2.41 -41.00 2.47 -0.74
75 10 -10.25 -2.80 -34.26 3.67 -0.60
100 10 -9.55 -2.69 -32.94 5.63 -0.51

atnH 1.8

5 10 -0.26 -0.11 -13.64 0.15 -0.97
10 10 -1.69 -1.34 -39.59 0.40 -0.93
25 10 -4.81 -1.23 -40.92 1.12 -0.85
50 10 -9.29 -2.52 -42.63 5.26 -0.62
i) 10 -10.52 -2.90 -39.61 7.09 -0.53
100 10 -11.44 -3.22 -37.22 8.02 -0.49

al pi 1.5 I

10 10 -2.46 ] -0.64 -30.68 0.35 -0.91 [

25 10 642 ! -1.47 9% 06 7 40) 09 |
50 10 -8.08 -1.92 -54.30 7.32 (.80
75 10 -9.81 -2.52 -54.38 10.03 -0.59
100 10 -9.94 -2.62 -46.34 9.20 -0.54

When we plot E versus t'“, we found that after a certain
current value the it'? term becomes independent of any
increase in current density. It was noted that the current
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The area of the curve for the E vs t plots were calculated at
different enrrent ranges and pH values. The data has been
tabulated in Table 2 gradual increase in area at a fixed time
period of 10 seconds was observed at almost all the pH
values, However the magnitude of area was lower at pH=1.8
as compared to other pH values.

The slopes, chi-square and correlation value were calculated
for CuO in the water-sulphite system from the E-t curves.
These were obtained at different current ranges and pH
values. Table 2 shows the data calculated for slope, chi-
square and correlation value from the E-t curves. The slope
value increased with the increase in current range upto 25 x
10 A and then again decreased gradually. This trend is seen
in almost ali pH values studied. However at pH=1.8, the
siope valie increased upto 50 x 10° A and then decicased
again, It was seen that with further rise in current value, the
slope remains constant. The chi-square valus increased with
increase in current range and decrease in pH value. At
pH=1.8, the magnitude of chi-square was comparatively
lower than other pH values. The correlation value varied
from -0.492 10 -0.988 at different pH values. As studied by
Youzbashi and Dixit % in leaching of cuprous oxide with
aqueous SO, sclution the dissolution was controlled by

aipes wwwe.chemicalic

surface reactions and leaching rate depended on particle
sive.

Chronopotentiometry study of CuQ) in DMSO
Chronopotentiometry curves were obtained for CuO in
DMSO using carbon paste electrode as working electrode.
The current densities applied were 5, 10, 50, 75 and 100 x
10 A with a fixed initial potential of 1.0 V. The step time
was kept constant at 10 seconds. The transition time (t) was
measured in a different current range. It was observed that
when the current range is increased from 5 to 100 x 10F A,
the potential value decreases in an increasing trend. At very
high or very low current range, the chronopotentiometry
plots are ill-defined.

o Tt EpU— S, MU, N TS [ o, 1
1L Wad GuSCIVEea uhddl uid it 5

becomes coustant with further
increase in current density. The transition time also becomes
constant with further increase in current density,

The area of the curve for E versus t and E versus t'? has
been obtained with a different current range. A gradual
increase in area at a fixed time period of 10 seconds was
observed for both types of plots. When the current range
was increased to value more than 100 x 10°% A, the nature of
the curve became ill-defined.

——

Table 3: Chronopotentiometric data for area of CuO in DMSO at various current ranges.

Current (10°A) Time (s) Area (Vs) Slope 103 V/s Chi-square Correl.
5 10 -3.57 -30.38 0.935 -0.94
10 10 -4.45 -42.23 2.76 -0.52
50 10 -8.15 -48.26 1.80 -0.95
75 10 -11.24 -40,03 2.55 -0.91
100 10 -12.73 -30.88 3.86 -0.82

Table 3 shows the slope values of CuO in DMSO using E
versus t plots. The slope value varied from -30.38 V/s at 5
HA to -30.88 at 100 pA. It was observed that with the
increase in current range, the slope value increases to -48.26
Vis at 50 pA, further at higher current value the slope value
decreases again to -30.88 V/s at 100 pA. Similar findings
were observed for E versus t'? plots. Firstly the slope
increases from -0.12 V/s"? at 5 pA to have a maximum
vaiue 0f -0.19 V/5'" at 50 pA aud thieu decicases again (o -
0.12 V/s'2 at 100 pA. The values are shown in Table 3
along with statistical calculation of chi-square and
correlation coefficient. The chi-square vales increases from
0.12 at 5 pA to 0.69 at 100 pA. The correlation value varies
from -0.958 to -0.995. It was observed that the area
mcreases with an increase in current. The slope value
increases at 5 x 10A, reaches a maximum value near 50 x
10°A and then decreases rapidly.

4. Chronopotentiometry study of CuQ in DMSO + SO;

Chronopotentiometry technique was used to study the
nature of CuO leaching in DMSO + SO, solvent system.

An initial potential of 1.0V was fixed and the current
densities were varied from 10 x 10 A to 200 x 106 A, The
transition time was measured in different current range
keeping the step time constant at 10 seconds. The plot of E
versus t at a particular current range has been shown in Fig.
3a. It was seen that as the current range is increased i.e.; 10,
50, 75, 100 aud 260 x10%A, ihe poicniial value decieases i
an increasing trend. The potential value initially decreases
up to 0.5 seconds, and then almost remains constant at a

particular current range. Both at very low and very high'—

current value, the plots shows irregular behaviour.

The plot of E versus t'? at different current range was

obtained as shown in Fig. 2. It was observed that after
certain current value, the it!2 term becomes almost constant.
There is no further change in potential with increase in
current density. The term it'? becomes independent of
current density.

Table 4: Chronopotentiometric data for area of CuO in DMSO+ SOz at various current ranges.

Current (10°A) Time (s) Area (Vs) Area (Vs'?) Slope 103 V/s Chi-square Correl.
10 10 -0.54 -0.16 491 0.01 -0.89
50 10 -2.12 -(.49 -33.42 041 -0.91
75 10 -4.84 -1.27 -31.62 0.79 -0.83
100 10 -5.69 -1.57 -20.30 1.48 -0.58
200 10 -7.71 -2.20 -18.95 2.50 -0.45

The area of the curve using chronopotentiometry data for
both E versus t and E versus t2 has been obtained. The area
of the curve increases from -0.54 Vs to -7.71 Vs for E
versus t and -0.16 to -2.20 Vs'2 for E versus 2. It was

observed a gradual increase in area at fixed time period of

10 seconds. The area of the curve above 200 x10%A

increases rapidly and later on becomes irregular.
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Fig 2: Chronopotentiometric plot of CuQ) in DMSO — 50z sysiem

The slopes of CuO in DMSO + SO, were obtained at
different current range using E versus t plots are showu in
Table 6. The slope value increased from -4.91 x 10 V/s at
10 x10°A to 33.42 x 107 V/s at 50 x10°A. Above 50 x10-
*A, the slope value decreased from 31 62 x 10 V/s at 75
x10%A 10 18.95 x 107 V/s at 200 x10°A. The siope vaiue is
maximum around 50 x10A. The chi-square and correlation
value were calculated using T- versus t plots. The chi-square
first decreased from 11.07 x 107 at 10 x10°A to 0.41 x 10°
at 50 x10A. The value increased from 0.41 x 10~ to 2.50 x
10 at 200 x10A at 10 seconds. The correlation value
varied from -0.913 10 -0 458,

The slope value calculated using E versus t'? curve.
Initially the slope value decreased from -15.88 x 10~ Vst
at 10 x10°A 10 0.11 x 107 at 75 x10°A. Later on the siope
increased to -19.49 x 107 at 209 x10-°A. The slope value is
lowest around 75 x10°A. The chi-square value increased
from 49.64 x 107 at 10 x10°A to 85.88 at 75 x10°A to
52.92 at 200 x10°A. The correlation value varied from -
0.999 to -0.654.

Conclusion

1. Tt can be seen that for the chronopotentiometric curve at
a particular current density, the it'” term becomes
independent of further change in current valwe This

indicates that copper oxides dissolution is controlled by

solid-state diffusion.

The it' > behaviour at very low aud at very high vaiues

of current density does not remain constant in a

particular solvent system. The itV? value varies with

change in concentration.

The pH of the solution influences the overall

dissolution process. A series of experiments were

conducted at various pH 1o investigate the effects of pH

on the leaching potential.

4. The pH of the solution was varied by keeping the
concentration of CuO constant. The results showed that
pnte‘mini of the svstem decreases with the decrease m

e

(¥5 )

pH. This can be explained as due 1o decrease in pH. the
concentration of oxides decreases in the system.

5. Chronopotentiometric ~ study confirms that the
dissolution in copper oxides is under solid-state
diffusion control.
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