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Abstract.1 In this paper, the dissolution kinetics of cement 
copper powder in sulfuric acid solutions containing cupric 
ions was examined. It was observed that the dissolution 
rate of copper increased with increasing the acid 
concentration, temperature, and stirring speed. It was 
determined that the dissolution rate of copper enhanced 
with increasing the cupric ion concentration up to 
0.025 M. It was found that the temperature and 
concentration of cupric ion had more considerable effects 
on the dissolution of copper powder. The kinetic analysis 
of the process was performed, and it was observed that it 
fits the first order pseudo-homogenous reaction model. 
The activation energy was calculated to be 31.1 kJ/mol. 
 
Keywords: malachite, cement copper, cupric ion, 
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1. Introduction 
Various techniques, such as crystallization, ionic 

precipitation, reduction with a gas, solvent extraction, 
cementation, and electrolytic reduction can be utilized to 
recover the copper from the leach solution with or without 
practicing a purification method. Among these techniques, 
cementation method is a favorable route to gain copper 
from the purified or unpurified leach solution especially in 
small and medium-size hydrometallurgical plants because 
of its simplicity, ease of control, and low energy 
consumption. Cementation or metal displacement process 
based on electrochemical fundamental can be described as 
reduction of metal ions by galvanic interaction between 
noble metal ions and a more active metal in an aqueous 
solution medium without an external source of electrical 
current [1-4]. 

Copper powder recovered by a cementation 
method is mostly of poor quality because of the 
contaminations in the leach solution obtained and its 
disposition to oxidize during the dewatering stage [5, 6]. 
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However, copper powder obtained by this method can be 
refined by applying various methods, such as 
pyrometallurgical refining, electro-refining and 
hydrometallurgical treatment, and it can be used to be a 
commercial product in various areas. For the 
hydrometallurgical treatment of the low-grade cement 
copper, it must be dissolved in an aqueous solution [6, 7]. 
Sulfuric acid is utilized as a leaching agent in most of the 
hydrometallurgical processes due to its good solving 
ability and cheapness. When the low-grade copper powder 
obtained by a cementation route is dissolved in an 
aqueous sulfuric acid solution, a solution containing 
copper ions is obtained, and this solution can be used to 
produce the high-purity electrolytic copper. Besides, some 
copper compounds can be also manufactured from the 
solution containing copper ions by means of precipitation, 
evaporation and crystallization [7-10]. 

In the previous study, the dissolution of copper 
powder recovered by the cementation method from the 
actual leach solution obtained after the leaching of 
malachite ore was investigated in hydrochloric acid 
solutions [11]. But, a kinetic analysis was not made in the 
mentioned work. The aims of the present study were to 
examine the dissolution kinetics of cement copper 
produced by metal displacement reaction from the actual 
leach solutions obtained after the dissolution of malachite 
ore in ammonium sulfate solutions and to determine the 
effects of the experimental parameters including acid 
concentration, cupric ion concentration, stirring speed and 
temperature, on the dissolution rate. 

2. Experimental 

The study was carried out at three stages including 
the leaching of malachite, cementation of copper, and 
dissolution of cement copper. The cement copper was 
produced using the actual leach solution obtained after the 
leaching of malachite ore in ammonium sulfate solutions. 
An XRD analysis result of malachite sample is given in 
Fig. 1. As can be seen from Fig. 1, the ore sample used in 
this study includes mainly malachite (CuCO3Cu(OH)2), 
smithsonite (ZnCO3), and quartz (SiO2). 
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Fig. 1. XRD diffraction pattern of malachite  
ore used in the study 

 
The chemical analysis of ore showed that it contained 

50.41 % SiO2, 15.23 % ZnO, 10.55 % CuO, 8.43 % Fe2O3, 
1.81 % Al2O3, 1.17 % other oxides. The loss ignition of the 
ore was determined to be 12.40 % at 1073 K. 

Before recovering of metallic copper by a 
cementation method, the leaching experiments were 
performed to obtain the actual leach solution containing 
copper ions. Because the leaching kinetics of malachite 
ore in the ammonium sulfate solution was investigated in 
our previous study [9], the effects of the experimental 
parameters on the leaching process were not indicated 
here. In the present study, the mother leach solution was 
prepared as follows. After adding 1 l of an ammonium 
sulfate solution with a concentration of 4 M into the glass 
reactor and heating to the reaction temperature of 323 K, 
15 g of malachite ore sample having average particle size 
of 62.4 µm was added to the solution, and the stirring 
speed was set as 500 rpm. The leaching process was 
carried out for 240 min reaction time. After the leaching 
process, the undissolved part of ore and solution was 
separated by filtration, and the mother leach solution  was  

obtained. When it was necessary, the mother solution 
containing copper ions was prepared according to the 
same procedure. The amount of dissolved copper was 
calculated complexometrically using Titriplex III solution 
as titrant and murexide as an indicator. It was determined 
that the leaching extent of ore was to be approximately 
94 %. The copper concentration in the mother solution 
obtained after filtration was calculated to be 1.15 g/l.  

After the actual leach solution was obtained, this 
solution was used to produce copper powder by a 
cementation process. The experimental setup was identical 
with the dissolution process. After placing 500 ml of the 
stock solution containing 1.15 g/l of copper ions into the 
glass reactor and heating to 313 K, 1.5 times of 
stoichiometrically required zinc granules (5±0.5 mm 
diameter) were added to the reactor to precipitate copper 
ions in the solution, and the reactor content was stirred at 
500 rpm for 75 min cementation time. pH of the solution 
was adjusted to 3 at the beginning of the experiment. At the 
end of the cementation reaction, the amount of the 
remained copper ions in the solution was calculated by the 
complexometric method as in the leaching step. It was 
determined that almost all of copper in the mother solution 
was precipitated by the zinc cementation. The solid 
precipitate composed of metallic copper was separated by 
filtration from the aqueous phase, washed with distilled 
water, and then dried at 323 K in air. Thus, the cement 
copper powder was manufactured. This powder was treated 
with diluted sulfuric acid solution to remove the impurities 
arising from the leach solution and drying process. An 
XRD pattern of the red-brown copper powder obtained 
after acid cleaning treatment is given in Fig. 2. 

The major diffraction peaks in Fig. 2 correspond to 
the metallic copper while the minor peaks indicate the 
cuprous oxide phase. The copper content of the cleaned 
powder was determined to be 96 %. A SEM image of copper 
powder is shown in Fig. 3. This figure shows that the cubic 
cuprous oxide is formed on the surface of copper powder. 

 

 

 

 
Fig. 2. XRD pattern of copper powder  

produced by cementation 
Fig. 3. SEM image of copper powder  

produced by cementation 
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In the experiments of cement copper dissolution, 
the experimental setup was identical with the leaching 
and cementation processes. After 300 ml of sulfuric acid 
solution containing cupric ions was poured into a glass 
reactor and heated to the desired reaction temperature, a 
given amount of cement copper was added to the acid 
solution. The reactor content was mixed by a mechanic 
stirrer at the predetermined stirring speed. Sulfuric acid 
solutions containing cupric ions were prepared by 
dissolving the necessary amount of CuSO4∙5H2O in the 
sulfuric acid solution. During dissolution experiments of 
copper powder, oxygen used as an oxidizing agent was 
supplied from air. Air was provided  by using an   aquar- 

ium pump. Aliquots of 2 ml each were withdrawn at 
regular intervals during the dissolution process to 
monitor the progress of reaction, and the dissolved 
copper content was determined by a complexometric 
titration. The dissolved percentage of cement copper was 
calculated as follows: 

100% ⋅=
productcementedincopperofamount

copperdissolvedofamountcopperdissolved  (1) 

In the dissolution experiments, the effects of 
concentration of sulfuric acid, concentration of cupric ion, 
temperature, and stirring speed on the dissolution of 
cement copper were examined. The experimental 
parameters and their values are given in Table 1. 

 

Table 1 

The parameters and their values used in the dissolution experiments of cement copper 
Parameter Value 

Acid concentration, M 0.25,   0.5,   1,   2 
Cu(II) concentration, M 0.005,  0.01,   0.025,   0.05, 0.075,  0.1 
Temperature, K 323,   333,   343,   353,   363 
Stirring speed, rpm 300,   400,   500,   600 

 

3. Results and Discussion 
The chemical reactions that occur during the leaching 

of malachite ore, cementation of copper, and dissolution of 
cement copper are shown below. During the leaching step, 
the overall reaction occurring between malachite and 
ammonium sulfate can be written as in Eq. (2). 

CuCO3∙Cu(OH)2 + 2(NH4)2SO4 → 
→ 2Cu2+ + 4NH3 + 2SO4

2- + CO2 + 3H2O      (2) 
Copper ions passing into the solution generate 

copper amine complexes with ammonia according to the 
reactions in Eqs. (3) and (4). 

Cu2+ + 2NH3 ↔ Cu(NH3)2
2+          (3) 

Cu(NH3)2
2+ + 2NH3 ↔ Cu(NH3)4

2+    (4) 
At the cementation stage, the metal displacement 

reaction between copper ions and metallic zinc occurs 
according to Eq. (5) due to the difference between the 
standard electrode potentials of two metals. 

Cu2+ +  Zn° → Cu°  +  Zn2+          (5) 
The reaction mechanism for the dissolution of 

copper in the aerated sulfuric acid solution has been 
proposed in the literature [12-19]. The dissolution of 
cement copper in aerated sulfuric acid solutions occurs 
according to the reaction in Eq. (6). In this reaction, 
metallic copper reacts essentially with hydrogen released 
from sulfuric acid and oxygen dissolved in the molecular 
state in the solution. Oxygen acts as an oxidizing agent 
and facilitates the copper dissolution. 

Cu0 + 2H+ + 1/2 O2 → Cu2+ + H2O  (6) 
Cupric ions generated by Eq. (6) can also act as an 

oxidizing agent [20], and it can oxidize the cement copper 
to cuprous ions as shown in Eq. (7). 

Cu2+ + Cu → 2Cu+  (7) 
Cuprous ion is not stable in aqueous solutions, and 

it can be oxidized to a cupric ion in oxygenated acidic 
solutions according to Eq. (8). 

2Cu+ + 2H+ + 1/2 O2 → 2Cu2+ + H2O     (8) 
Finally, the net reaction for the dissolution of 

cement copper in the oxygenated sulfuric acid solutions 
can be written as in Eq. (9). 

Cu0 + 2H2SO4 + 1/2O2 → Cu2+ + 2SO4
2- + 2H2O (9) 

The effect of sulfuric acid concentration on the 
dissolution of the copper powder in the absence of cupric 
ions was researched in the range of 0.25–2.0 M for 
different reaction times. In these experiments, the reaction 
temperature, amount of copper, and stirring speed were 
taken to be 353 K, 0.25 g, and 500 rpm, respectively. The 
results relating to these tests are shown in Fig. 4. 

It can be seen from Fig. 4 that the dissolution rate 
of cement copper powder increases with increasing the 
sulfuric acid concentration. The percentage of copper 
dissolution increased from 66.3 to 81.5 % after 180 min of 
reaction time when the acid concentration increased from 
0.25 to 2.0 M. 

To see whether or not cupric ions have an effect on 
the dissolution of cement copper, some tests were carried 
out in the sulfuric acid solutions at constant concentration 
of 1 M containing cupric ions at different concentrations. 
The reaction temperature, amount of copper powder, and 
stirring speed were kept constant at 353 K, 0.25 g, and 
500 rpm, respectively, in these tests. Fig. 5 shows the 
effect of cupric ions on the dissolution of copper powder. 
Fig. 5 indicates that cupric ions have an important effect 
on the dissolution of cement copper. 
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Fig. 4. Effect of sulfuric acid concentration on the dissolution 
of cement copper in the absence of cupric ions 

 
Fig. 5. Effect of cupric ion concentration on the dissolution  

of cement copper at constant sulfuric acid concentration 
 
The solutions used in these experiments contain 

cupric ions as an oxidizing agent along with oxygen. 
Addition of cupric ions into the oxygenated sulfuric acid 
solutions enhanced the dissolution rate of cement copper 
up to cupric ion concentration of 0.025 M. After this 
concentration value of cupric ions, the dissolution of 
copper powder decreased somewhat with increasing the 
cupric ion concentration. When there are no cupric ions in 
1 M sulfuric acid solution at the beginning of the 
experiment, the percentage of copper dissolution was 
determined to be 77 % after 180 min of reaction time. 
When cupric ions at concentrations of 0.005, 0.01, 0.025, 
0.05, 0.075 and 0.1 M were added into the sulfuric acid 
solution of 1 M, the percentages of the dissolution of 
cement copper were found to be 82.05, 86.62, 97.97, 
94.90, 92.21 and 91.80 %, respectively, after 180 min of 
reaction time. Although there is a diminish in the 
dissolution of copper powder after the cupric ion 
concentration of 0.025 M, the dissolution values of 
cement powder in all solutions containing cupric ions are 
still higher than those in the solutions without cupric ions. 
Decrement of the dissolution rate of cement copper in the 
presence of cupric ions at concentrations higher than 
0.025 M can be attributed to the formation of Cu2O 
(cuprous oxide) and CuO (cupric oxide) films on the 
copper surface [13, 21]. These oxide species can cause the 
passivation of copper and the dissolution rate of copper 
powder can diminish due to these oxides. In sulfuric acid 
solutions, cuprous oxide is insoluble or dissolves partly 
whereas cupric oxide has the high solubility. The 
formation rate of cuprous ions in the presence of cupric 
ions in the aerated sulfuric acid solution can increase 
according to the reaction in Eq. (7), and consequently 
more cupric ions are formed with regard to the reaction in 
Eq. (8). In conclusion, the dissolution rate of copper 
powder in a sulfuric acid solution containing cupric ion 
can increase. However, since more cuprous ion will arise 

in the presence of cupric ions at high concentrations, the 
formation of passive cuprous oxide film on the metal 
surface may be excessive. In the literature, it has been said 
that this passive film is porous and adheres weakly to the 
metal surface when a cupric ion content in the solution is 
low. On the other hand, it has been reported that the 
cuprous oxide film becomes denser and adheres stronger 
to the copper surface as the cupric ion content in the 
solution increases [13, 14]. In this case, the passive 
cuprous oxide film can inhibit the diffusion of cupric ions 
towards copper surface. Consequently, the dissolution rate 
of cement copper may decrease somewhat due to slowing 
the reactions in Eqs. (7) and (8). To reach the high 
dissolution values of cement copper in the aerated sulfuric 
acid solutions, the further dissolution experiments were 
performed by using the solutions containing cupric ions at 
constant concentration of 0.025 M. The results obtained 
for these experiments are given below. 

 

 
 

Fig. 6. Effect of sulfuric acid concentration  
on the dissolution of cement copper  

at the constant cupric ion concentration 
 
To determine the effect of sulfuric acid 

concentration on the dissolution rate of copper powder in 
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the presence of cupric ions, some experiments were 
conducted in the range of 0.25–2.0 M for different 
reaction times. In these experiments, the reaction 
temperature, amount of copper powder, cupric ion 
concentration, and stirring speed were taken to be 353 K, 
0.25 g, 0.025 M, and 500 rpm, respectively. The results 
obtained from these experiments are given in Fig. 6. It can 
be seen from Fig. 6 that the dissolution rate of copper 
powder increases with increasing the sulfuric acid 

concentration in the presence of cupric ions at a constant 
concentration. When the results of Figs. 4 and 6 are 
compared, the effect of cupric ions on the dissolution of 
copper powder can be seen more obviously. 

The dissolution percentages of cement copper in 
sulfuric acid solutions containing and not containing cupric 
ions for 180 min of reaction time are shown in Table 2. It 
can be seen from Table 2 that the cupric ions have an 
important effect on the dissolution rate of cement copper. 

 
Table 2 

Dissolution of cement copper in sulfuric acid solutions containing and not containing cupric ions 
Dissolution of cement copper, % 

Concentration of sulfuric acid, M In sulfuric acid solutions not containing 
cupric ions 

In sulfuric acid solutions containing cupric 
ions of 0.025 M 

0.25 66.37 94.50 
0.5 73.27 96.08 
1.0 77.45 97.97 
2.0 81.70 98.38 

 

  
 

Fig. 7. Effect of stirring speed on the dissolution of cement 
copper in the presence of cupric ions 

 
Fig. 8. Effect of reaction temperature on the dissolution  

of cement copper in the presence of cupric ions 
 

The effect of the stirring speed on the dissolution 
rate of copper powder was examined at the stirring speeds 
of 300, 400, 500 and 600 rpm. During these experiments, 
the acid concentration, reaction temperature, cupric ion 
concentration, and amount of cement copper were kept 
constant as 1 M, 353 K, 0.025 M, and 0.25 g, respectively. 
The results of the stirring speed tests are given in Fig. 7. It 
can be concluded from this figure that the stirring speed has an 
effect on the dissolution rate of copper powder. The diffusion 
through the boundary layer of liquid reagent towards the 
external surface of copper particles can be facilitated by means 
of the agitation of solution. Thus, the dissolution rate can 
increase with an increase in the stirring speed. 

The effect of the reaction temperature on the 
dissolution rate of cement copper was investigated in a 
temperature range of 323–363 K. In these experiments, 
the acid concentration, amount of cement copper, cupric 
ion concentration, and agitation speed were kept constant 

as 1 M, 0.25 g, 0.025 M, and 500 rpm, respectively. The 
variations of the dissolution rate of copper powder for 
various reaction temperatures are given in Fig. 8. 

Fig. 8 indicates that the temperature has a major 
effect on the dissolution of cement copper. At the 
temperature of 323 K, 71.03 % of copper was dissolved 
after 180 min of reaction time, whereas at the temperature 
of 363 K, 98.07 % of copper was dissolved only after 
150 min of reaction time. Cuprous oxide film formed on the 
copper surface can become a denser and porous layer with 
an increase in the reaction temperature. Thus, the passive 
oxide layer can fluff, and its adhesion to copper surface can 
reduce. Consequently the dissolution rate of copper powder 
increases with increasing the reaction temperature. 

The dissolution reaction between cement copper and 
acid solution is a heterogeneous reaction involving the mass 
transfer of reactants and products between the solid and fluid 
phases. The reactants transfer  from the  solution to the metal 
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surface while the reaction product transfers from the surface 
into the bulk solution. The non-catalytic heterogeneous 
reaction models are commonly used to analyze the kinetics 
of fluid-solid reaction systems. The reaction between the 
solid and liquid reactants occurs on the outer surface of solid 
particle according to the shrinking core model, which is the 
most recognized model for the kinetic analysis of a non-
catalytic heterogeneous reaction. According to the shrinking 
core model, the rate of a dissolution reaction between a solid 
material and solution may be controlled by one or more of 
the following steps: the diffusion through a fluid film, the 
diffusion through the product layer, or the chemical reaction 
on the surface of the unreacted core [22-24]. To determine 
the kinetic parameters and the rate-controlling step of 
dissolution process, the experimental data obtained were 
analyzed by using the mentioned models. If the dissolution 
process follows one of these models, then the straight lines 
passing through the origin should be obtained. When the 
models of the diffusion through a fluid film, the diffusion 
through a product layer, and the chemical reaction were 
applied to the experimental data obtained, it was observed 
that the parabolic curves were formed. Hence, it can be said 
that the heterogeneous reaction models are inappropriate to 

express the dissolution kinetics of cement copper in the 
sulfuric acid solutions containing cupric ions. 

In addition to the non-catalytic heterogeneous 
reaction models, the homogeneous models are also 
applied to the experimental findings to derive the rate 
equation of heterogeneous reactions. Thus, the pseudo-
homogeneous models were applied to obtain the rate 
equation for this process. When the pseudo-homogeneous 
kinetic models were used, it was seen that the model in 
Eq. (10) could be more appropriate to describe the kinetics 
of the dissolution of cement copper. 

tkx ⋅=−− )1ln(    (10) 

where k is n apparent rate constant and t is a reaction time, 
min.  

If the dissolution process follows the model in Eq. 
(10), the plot of the left side of this equation versus time 
must be a straight line. Thus, the graphs of the left side of 
Eq. (10) versus reaction time were plotted for each 
reaction parameter. The graphs of –ln(1–x) vs. t for the 
concentration of sulfuric acid, concentration of cupric 
ions, stirring speed, and reaction temperature are given in 
Figs. 9-12, respectively. 

 

  
Fig. 9. Plot of –ln(1–x) vs. t for different sulfuric acid 

concentrations at constant cupric ion concentration 
Fig. 10. Plot of –ln(1–x) vs. t for different cupric ion 
concentrations at constant sulfuric acid concentration 

  
Fig. 11. Plot of –ln(1–x) vs. t for different stirring speeds in the 

presence of cupric ions 
Fig. 12. Plot of –ln(1–x) vs. t for different temperatures in the 

presence of cupric ions  
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A semi-empirical model can be written as in Eq. 
(11) to include the effects of the reaction parameters on 
the rate constant of reaction. 








 −
⋅⋅=

RT
ESSCCkk acb

cu
a

A exp)()()(0   (11) 

where k0 is the frequency or pre-exponential factor, 1/s; CA 
is the concentration of sulfuric acid, M; CCu is the 
concentration of cupric ion, M; SS is the stirring speed, 
rpm; Ea is the activation energy, J/mol; R is the universal 
gas constant, J/mol∙K, and T is the reaction tempera- 
ture, K.  

The constants a, b, and c represent the dependence 
of the reaction rate on the relevant parameter. Combining 
Eqs. (10) and (11), the Eq. (12) is obtained: 

t
RT
ESSCCkx acb

cu
a

A ⋅






 −
⋅⋅=−− exp)()()()1ln( 0     (12) 

The values of a, b, and c can be calculated by using 
the apparent rate constants obtained from the slopes of the 
straight lines in Figs. 9-12. To estimate these constants, 
the plots of ln(k) versus ln(CA), ln(k) versus ln(CCu), and 
ln(k) versus ln(SS) were constructed. For the concentration 
of cupric ion, a plot of ln(k) versus ln(CCu) is shown in 
Fig. 13. As can be seen from Fig. 13, two straight lines 
were obtained. 

 

 
 

Fig. 13. Plot of ln(CCu) versus ln(k) 
 

It could be seen from Figs. 5 and 10 that the 
dissolution rate of cement copper increased with 
increasing the cupric ion concentration up to 0.025 M. 
After the concentration of 0.025 M, further increase in the 
concentration of cupric ion led to a decrease in the 
dissolution rate of cement copper. For this reason, Eq. 
(12) does not apply to all concentrations of cupric ion. 
Thus, it would be more appropriate to write Eq. (12) as 
below. Eq. (12a) represents the effects of parameters on 
the dissolution kinetics up to the cupric ion concentration 
of 0.025 M, while Eq. (12b) shows the kinetic expression 
after this cupric ion concentration. 

t
RT
ESSCCkx acb

cu
a

A ⋅






 −
⋅⋅=−− exp)()()()1ln( 0      (12a) 

t
RT
ESSCCkx acd

cu
a

A ⋅






 −
⋅⋅=−− exp)()()()1ln( 0     (12b) 

In Eqs. (12a) and (12b), the values of constants a, 
b, c and d were found to be 0.19, 0.51, 0.94, and –0.30, 
respectively. The activation energy of dissolution process 
was calculated from the Arrhenius equation. The 
activation energy and the pre-exponential factor were 
calculated to be 31.1 kJ/mol and 786.6 s-1, respectively. 
The value of the activation energy indicates that the rate 
of dissolution process is controlled by the diffusion [25]. 
As a result, the kinetic expressions including the reaction 
parameters used in this dissolution process can be written 
as in Eqs. (13a) and (13b). 

t
RT

SSCCx cuA ⋅





 −

⋅⋅=−−
1.31exp)()()(6.786)1ln( 94.051.019.0 (13a) 

t
RT

SSCCx cuA ⋅




 −⋅⋅=−− − 1.31exp)()()(6.786)1ln( 94.030.019.0 (13b) 

4. Conclusions 

In this study, the dissolution kinetics of cement 
copper in aqueous sulfuric acid solutions containing 
cupric ions was investigated. The effects of the 
concentration of sulfuric acid, concentration of cupric ion, 
stirring speed, and reaction temperature on the dissolution 
behavior of cement copper were determined. It was found 
that the dissolution rate increased with increasing the acid 
concentration, stirring speed, and reaction temperature. It 
was determined that cupric ions have an important effect 
on the dissolution rate of copper powder. It was observed 
that the dissolution rate of cement copper increased with 
increasing the cupric ion concentration up to 0.025 M. 
After this concentration value, it was found that the 
dissolution rate decreased somewhat with increasing the 
cupric ion concentration. Copper powder was completely 
dissolved in sulfuric acid solutions including cupric ions 
depending on the experimental conditions and reaction 
time. In light of experimental findings, it can be said that 
the cupric ion concentration and temperature have more 
appreciable effects on the dissolution of cement copper 
powder. Under experimental conditions of a sulfuric acid 
concentration of 1 M, a cupric ion concentration of 
0.025 M, a reaction temperature of 353 K, and a stirring 
speed of 500 rpm, it was determined that 98 % of the 
copper powder was dissolved after 180 min of reaction 
time. It was found that the reaction rate fits the first order 
pseudo-homogenous kinetic model. The activation energy 
of the dissolution process was calculated to be 
31.1 kJ/mol. After cement copper is dissolved in acidic 
solution, a high-purity metallic copper can be produced by 
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electrolysis as well as various copper compounds can be 
also produced by applying the evaporative crystallization 
and chemical precipitation processes. 
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КІНЕТИЧНА МОДЕЛЬ РОЗЧИНЕННЯ 
ЦЕМЕНТАЦІЙНОЇ МІДІ В РОЗЧИНАХ 
СУЛЬФАТНОЇ КИСЛОТИ, ЩО МІСТЯТЬ  

ЙОНИ МІДІ 
 

Анотація. Досліджено кінетику розчинення порошку 
цементаційної міді в розчинах сульфатної кислоти, що міс-
тять йони міді. Визначено, що швидкість розчинення міді під-
вищується зі збільшенням концентрації кислоти, температури 
та швидкості перемішування. Встановлено, що швидкість 
розчинення посилюється зі збільшенням концентрації йонів 
міді до 0,025 М. Температура та концентрація йонів міді 
мають більш значний вплив на розчинення мідного порошку. 
Проведено кінетичний аналіз процесу, і встановлено, що він 
відповідає псевдо-гомогенній моделі реакцій першого порядку. 
Розрахована енергія активації становила 31,1 кДж/моль. 

 
Ключові слова: малахіт, цементаційна мідь, йони міді, 

розчинення, кінетика. 
 


