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ABS TRAC T 

 
Development of enhanced methods for copper particles synthesis is crucial for the improvement of material science 
and technology. Therefore, in this study a successful synthesis of copper metal was achieved by chemical reduction. 
Ascorbic acid was used as a reducing agent. In the presence of soda, copper sulphate pentahydrated (CuSO4, 5H2O) with 
acid ascorbic at 60 °C of temperature produced metallic copper powder with the total degradation (100%) of copper 
ions (Cu2+). The presence of hydroxide ions (OH-) is necessary to achieve and improve the chemical reduction reaction. 
Several parameters, as reducing agent volume, reaction temperature and soda quantity were investigated and checked 
their impact in this research study. The obtained powder was washed and dried in the fresh air then analysed by X-ray 
diffraction. 

 
Keywords: Ascorbic acid, chemical reduction, ions, copper metal, copper sulphate, sodium hydroxide 

 

 
1. INTRODUCTION 

 
Water pollution by heavy metals has got a serious 
toxicological impact. For this reason, it is necessary to 
monitor industrial wastes contents as well as water 
designated for domestic consumption [1]. Among these 
metals, we find copper, which is an essential trace 
element for human metabolism. However, in small 
quantity, where the daily adult need for copper is about 
0.2 mg [2]. WHO recommended a provisional guide 
value of 0.2 mg L-1 of copper concentration in domestic 
water [2]. Copper can be found in some natural water 
sources under ionic or complex forms at low 
concentrations less than 0.1 mg L-1 [2]. It can be also 
found as metallic deposits, electric and electronic 
household wastes and leachates of minerals. In 
addition, water piping corrosion generates from 0.5 to 
0.1 mg L-1 of copper in water [2] [3] [4]. 

It already exists several methods of aqueous copper 
separation solutions. These methods are based on 
chemical precipitation phenomenon [5], ions exchange 
[6], biosorption [7], extraction [9] [10] or membrane 
separation [11]. 

Reduction method is largely used for metallic 
nanoparticles synthesis and in particular for copper. 

Different reducing agents have been used as sodium 
borohydride [12] and hydrazine [13]. Natural agents as 
ascorbic acid are used for copper ions (Cu2+) reduction 
to metallic copper [14]. Reduction method has got a big 
advantage of cleaning up water from dissolved copper 
ions and transforming them to metallic particles that 
can be easily separated after settling. 

 
2. MATERIALS AND METHODS 

 
2.1. Preparation of solutions 
 
Prepared solutions were made at the basis of distillate 
water of pH between 5.5 to 6.8 and conductivity from 
3 to 5 µS cm-1. In this study, the mass molar of the two 
prepared solutions are 249.69 g mol-1 and 176.13 g 
mol-1 for copper sulphate solution (CuSO4, 5H2O) 0.2 M 
and ascorbic acid (C6H8O6) consecutively. 

A defined volume of acid ascorbic was heated to 60 °C 
in a laboratory bain-marie. Once the ascorbic acid was 
preheated, 10 mL of copper sulphate was added drop 
by drop agitated with a mechanical stirrer as shown in 
the scheme in Figure 1. 
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Fig 1. Experimental dispositive of the research study. 1: 
Mechanical stirrer 2: Laboratory bain-marie 3: Beaker 
(reactor) 

The series of reactions of ions copper reduction until 
obtaining metallic copper are represented in the three 
following reactions (1), (2) and (3). 

 

𝐶𝑢2+ + 𝐶6𝐻8𝑂6  →  𝐶𝑢+ + 𝐶6𝐻6𝑂6 + 2𝐻+              (1) 

𝐶𝑢+ + 2𝑂𝐻−  →  𝐶𝑢(𝑂𝐻)2              (2) 

𝐶𝑢(𝑂𝐻)2 + 𝐶6𝐻8𝑂6  →  𝐶𝑢 + 𝐶6𝐻6𝑂6 + 2𝐻2𝑂            (3) 

 
2.2. Analytical methods 

 
During reaction and every 10 min, a sample was taken 
to determine copper ions concentration. The 
concentration was determined by calorimetric dosage 
with Titriplex III and the presence of Murexide 
(C8H8N6O6) as colour indicator. After 0.1 hr of reaction, 
the final solution was centrifuged at 6000 rpm for 5 
min. The deposited solid was washed by distillate 
water then filtrated by standard paper filter. The 
obtained solid was dried in the open air. During drying 
process, the obtained powder was visually monitored. 
It did not show any sign of oxidation and the final 
obtained powder is illustrated in Figure 2. 

For the optimal conditions, the prepared or obtained 
solid sample was analyzed by X-Ray Diffraction (XRD) 
for different solids characterization. 

 

Fig 2. Metallic copper powder obtained after copper 
ions reduction 

 

 

 

3. RESULTS AND DISCUSSION 

 
3.1. Effect of acid ascorbic volume 

 
In this section of the study, the variation of reducing 
agent volume was investigated and studied its impact 
on the copper ions production efficiency. Three 
different volumes of ascorbic acid were used 20, 50 and 
60 mL. The attained results are represented in  
Figure 3. 

 
Fig 3. Copper ions reduction efficiency in function of ascorbic 
acid volume 

The results show that 45.5% of copper ions were 
generated at 60 mL of ascorbic acid after about 60 min 
of reaction. The weakest efficiency was noticed at 20 
mL of ascorbic acid. According to the obtained results, 
it can be seen that the copper reduction efficiency 
increases with the increase of reducing agent volume. 
This improvement of copper reduction can be 
explained by more ascorbic acid molecules which are 
available for reducing the same quantity of copper ions 
containing in the aqueous solution [15] [16]. 

The dried solid sample obtained at 60 mL of ascorbic 
acid was analysed and XRD results are illustrated in 
Figure 4, where it is clear that the two significant 
spectres correspond to pure metallic copper. 

 

Fig 4. XRD Spectre obtained after copper ions 
reduction with 60 mL of ascorbic acid volume 

 
3.2. Effect of temperature 

 
To study the impact of temperature on the copper ions 
reduction, the same procedure was followed. However, 
the laboratory bain-marie temperature was varied. 
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The investigated temperatures were: 27, 40, 60 and 70 
°C. The achieved results are summarised in Figure 5. 

 

Fig 5. Copper ions reduction efficiency in function of 
bain-marie temperature 

The results illustrated in Figure 5 show that the ions 
copper reduction is favoured by increasing 
temperature. In fact, the reduction efficiencies 
obtained after 60 min of reaction were 23, 33.5 and 
45.4% at 27, 40, and 60 °C subsequently. The energy 
required to trigger copper ions reduction into copper 
particles declines with the temperature. Additionally, 
at higher temperatures, the probability of one molecule 
colliding and reacting with another increases [15]. In 
this study, the increase of temperature to 70 °C allowed 
having 63.6% of ions copper reduction efficiency after 
just 20 min of reaction confirming what was found in 
the literature [15]. However, under this temperature, 
water started to evaporate which leads to a decrease in 
treated water quantity and eventually the studied 
concentration of ascorbic acid as a reducing agent will 
be different from its initial value. For such reasons, the 
experiment was stopped once water evaporation 
started and it was judged that 60°C is the optimum 
temperature of copper reduction using 60 mL of 
ascorbic acid. In all tests, colour indicator gave pink 
colour indicating that the reaction has taken place. 

 
3.3. Effect of copper ions reduction in an alkaline 

environment 

 
According to ions copper reduction reactions (2) and 
(3), reduction can happen in an alkaline environment. 
Thereby for such reason, it is studied how much is 
affected reduction efficiency according to the volume 
of sodium hydroxide added. The experimental 
procedure was altered this time, where initially 10 mL 
of copper sulphate was mixed with 10 mL of sodium 
hydroxide of the same concentration 0.2M to form 
copper hydroxide (Cu(OH)2). The measured pH of 
solution was 12.7. The mixture is then added to the 
preheated 60 mL of ascorbic acid drop by drop and 
agitated with a mechanical agitator as done in the first 
experiments. The results are shown in Figure 6. 

 

Fig 6. Copper ions reduction efficiency for 60 mL of 
ascorbic acid in an alkaline environment at 60 °C 

As expected and with compliance with other 
researches, the addition of NaOH solution has 
dramatically impacted on the progress of copper 
chemical reduction reaction [16] [17] [18]. After 30 
min of reaction, 84% of ions copper were reduced. 
However, according to Figure 3 and under the same 
conditions of ascorbic acid volume and temperature, 
reduction efficiency was only 41.2% after the same 
period of reaction without alkaline solution. 

 
3.4. Effect of sodium hydroxide volume 

 
To determine how the volume of sodium hydroxide can 
alter the reduction efficiency, many volumes were 
taken in consideration (10, 20, 30 and 40 mL) and the 
rest of conditions kept constant as in the previous 
section. The obtained results are illustrated in Figure 7. 

 

Fig 7. Copper ions reduction efficiency in function of 
sodium hydroxide volume for 60 mL of ascorbic acid 
volume at 60 °C of temperature 

The results represented in Figure 7 indicated that a 
complete ions copper reduction was achieved with 
addition of 30 mL of NaOH. Therefore, it is definitely, 
ions copper reduction is better in an alkaline pH. 
However, it is difficult to explain the cause. Actually, no 
explanation was found in the literature. Probably, it can 
be explained by the initial transformation of copper 
ions to hydroxide particles which gives the advantage 
of their transformation to reduced particles. 
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4. CONCLUSION 

 
The main objective of this research work was about 
investigation the possibility of copper elimination by 
chemical reduction using ascorbic acid as a reducing 
agent. This experimental study allowed to note that the 
chemical reduction of copper hydroxide can be 
achieved at 100% of removal efficiency using 60 mL of 
ascorbic acid and 30 mL of sodium hydroxide at 60 °C  
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