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Abstract. A study has been conducted on the process of leaching of zinc dust using oxalic acid by 
hydrometallurgical method. The sample preparation process starts from the dust zinc washing. The 
leaching process was started by mixing the sample with solution of 5 M oxalic acid. There were 
three variations; the ratio of mole, temperature and leaching time to know the optimum condition. 
From the variation of leaching process that has been done, an optimum condition was obtained 
where the ratio of  zinc mole dust to 5 M oxalic acid solution is 1:10 with temperature 90ºC and 
leaching time for 150 minutes. The leaching filtrate was precipitated to obtain zinc oxalate with a 
solution of sodium hydroxide up to pH 7. The FTIR and XRD analysis showed that the leaching 
products confirmed as hydrozincite (Zn5(CO3)2(OH)6) and sodium bicarbonate (NaHCO3). The 
carbonate compound may be caused by decarboxylation during the leaching process. The 
calcination of leaching products to convert hydrozincite turn out zinc oxide was done at 600 ᵒC. 
The results of the XRD analysis show that there were zinc oxide and still found zinc carbonate and 
sodium carbonate. 

1. Introduction 
Zinc is very useful in many aspect of human life. For instance, in human body zinc have a role in growth 
and as an integral part of more than 200 enzymes [1,2]. Besides from natural resources, the utilization of 
zinc dust from electric arc furnace (EAF) can be used as an alternative source to obtain zinc. This dust 
contains a huge amount of zinc that proportional to 20-30 wt% zinc oxides [3].  

Some studies to leach zinc from its dust have been reported. Two common methods for zinc dust 
recovery are pyrometallurgy and hydrometallurgy. The pyrometallurgy method requires expensive cost 
and high energy. Poorly, this method generated heavy and toxic air pollution that difficult to handling. The 

http://creativecommons.org/licenses/by/3.0


The 2nd Mineral Processing and Technology International Conference

IOP Conf. Series: Materials Science and Engineering 478 (2019) 012015

IOP Publishing

doi:10.1088/1757-899X/478/1/012015

2

hydrometallurgy method has been known as an easy and simple technique. This method is feasible for 
scaling up to build a pilot plan. The important process in hydrometallurgy is leaching which means an 
extraction of value metal from its source using acid, base or water [4]. Mostly, leaching process is brought 
out in acidic solution such as sulfuric acid, nitrate acid and chloric acid. Yet, this waste treatment is 
harmful and needs high treatment cost. 

Oxalic acid is a strong organic acid, environmental friendly and usually used as a leaching agent. 
Oxalic acid is suitable as selective precipitating agent for zinc and iron separation based on the solubility 
product constant (Ksp) values which 1.4 x 10-9 for zinc oxalate and 2 x 10-7for iron oxalate [5]. The 
previous study gives information that zinc oxalate can be precipitated at pH 6.2-6.4 [6].  The leaching 
study of zinc dust using oxalic acid has not been reported intensively.  In this study, oxalic acid was used 
as a leaching agent and sodium hydroxide as a precipitating agent of zinc oxalate. 

 
2. Experimental Procedures  
Zinc dust that used in this study was a waste of steel processing using electric arc furnace. Zinc dust was 
analyzed by X-Ray Diffraction (XRD) to confirm the containing phase in this dust. To remove the polar 
impurity, zinc dust was washed by demineralization water at 60 �C for one hour. The residues were dried 
at 100 �C. 

Leaching process of zinc dust was driven by oxalic acid 5 M with mole ratio solid/liquid (s/l) 1/5 and 
1/10. The leaching time and temperature was studied by calculation of yield product percentage. Zinc 
oxalate was precipitated by NaOH addition till reach pH 6-12. The white powder then was calcined at 600 
�C to form zinc oxide. The leaching product and as-calcined product was analysis by X-Ray Diffraction 
and FTIR. 

 
3. Result and Discussion 
Zinc dust of EAF process was analyzed using XRD for analyzing the phase elements content. The 
percentages of elements content were analysis using X-Ray Fluorescence (XRF). The XRD pattern of zinc 
dust (Figure 1) showed that all phase was detected refers to ZnO.  The content of elements in its dust was 
confirmed 96.3% Zn and 3.6 % Fe. Hence, the purification of zinc dust has to be examined. 

  

 
Figure 1. Diffractogram of zinc dust waste  

 
Ratio mole s/l of zinc dust and oxalic acid solution were studies at 1:5 and 1:10 to investigate the 

optimum leaching condition. The reaction between oxalic acid and zinc dust (ZnO) were controlled at 60 
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�C for 120 minutes to form zinc oxalate. To precipitate the zinc oxalate, the sodium hydroxide was added 
until the pH of solution reach into 7 at room temperature.  The calculation of yield percentage gave that 
mole ratio of s/l for 1:5 and 1:10 was 46.03% and 69.48%, respectively. The most effective leaching was 
given by the mole ratio of 1:10. It may be due to a great amount of oxalate ion that sufficient to extract 
more zinc from its dust. The possible reaction can be written as follows: 

 
1. Oxalic acid running through dissociation in water: 
H2C2O4 (aq) ↔ H

+ + HC2O4
-         (1) 

HC2O4
- 

(aq) ↔ H
++ C2O4

-          (2) 
Over all reaction could be written as  
H2C2O4 (aq) ↔ 2H

+ + C2O4
2-         (3) 

 
2. Extraction process to form zinc oxalate: 
ZnO (s) + 2H+ + C2O4

2- → ZnC2O4 (aq) + H2O (l)       (4) 
FeO (aq) + 2H+ + C2O4

2-
 (aq) �FeC2O4 (aq) + H2O (l)       (5) 

Fe2O3 (aq) + 2H++ C2O4
2-

 (aq) �Fe2(C2O4)3 (aq) + H2O (l)      (6) 
 

The effect of pH in zinc oxalate precipitation was also studied. In pH 6 and 7, it was shown that the 
white precipitate was formed. Meanwhile, the addition of sodium hydroxide to obtain a base condition 
(pH 8-12) generated a brown precipitate that probably the iron elements.  The addition of sodium 
hydroxide till pH 7 only resulted a zinc oxalate precipitation. The difference of Ksp value between zinc 
oxalate and iron oxalate which are 1,4 x 10-9 and 2 x 10-7, respectively, may have caused the zinc oxalate 
to precipitate earlier. The precipitation was occurred at room temperature spontaneously. 

 
pH 6           7              8       9       10           11          12  

Figure 2. Zinc oxalate precipitation by pH 6-11 
 

The effect of temperature and time in leaching process were studied twice for every procedure. The 
yield percentage is shown in Figure 3. The increasing temperature in leaching process caused an 
increasing of zinc oxalate precipitation. It may be caused by the increasing of collision among molecules 
when more zinc was extracted. The optimum temperature was 90 °C with a yield percentage of 57.32%. 
For reaction time effect study, the leaching was done at 90 °C. Such as reaction time effect, the yield 
percentage increased significantly till reaction time of 150 minutes (65.78%). Characterization of zinc 
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oxalate and zinc oxide synthesis products were taken at optimum condition based on yield percentage 
calculation which was temperature of 90 °C and reaction time of 150 minutes. 

 
 

 
 

 
Figure 3. Yield percentage of leaching products by temperature and reaction times 

 

 
 

Figure 4. Spectra of leaching products 
 
Zinc oxalate was characterized by FTIR is shown in Figure 4. Wavelengths number at 518 cm-1 

referred to vibration of metal oxygen bonding. Wavelengths number give strong peak on 759 cm-1 (νO=C=O 

symmetric), 1349 cm-1 (νC-O), 1415 cm-1 (νC-C), 1655 cm-1 (νC-O asymmetric), and 2933 cm-1 
(νC-H). The 

weak peak supported νO=C=O at 1886 cm-1 and 2483 cm-1. The wavelengths number at 3432, 3055 and 2766 
cm-1 corresponding to water molecule that trapped crystal lattice. Confirmation of phase leaching product 
was analyzed by XRD. The pattern of XRD (Figure 6) showed that leaching product were in dominant by 
sodium bicarbonate, partly peaks as zinc oxide and the rest as hydrozincite (Zn5(CO3)2(OH)6).  Carbonate 
could be emerged by decarboxylation during the leaching process. Probably after dissociation process of 

51
8.

64

77
7.

85

13
22

.9
7

14
15

.7
2

16
41

.7
5

18
86

.7
0

24
83

.0
6

27
66

.5
1

29
33

.6
7

30
55

.3
2

34
32

.4
8

-20

 0

 20

 40

 60

 80

 100

 120

%
Tr

an
sm

itt
an

ce

 500    1000   1500   2000   2500   3000   3500   4000  
Wavenumbers (cm-1)



The 2nd Mineral Processing and Technology International Conference

IOP Conf. Series: Materials Science and Engineering 478 (2019) 012015

IOP Publishing

doi:10.1088/1757-899X/478/1/012015

5

oxalic acid, the oxalate ions went through carbonate by carboxyl group release. This phenomenon caused 
the leaching products were in carbonate compound. Combine with FTIR analysis, sodium bicarbonate 
supported by appearance of C-H vibration at 2933 cm-1. In line with the calcination product at 600 ᵒC, 
XRD analysis confirmed into sodium carbonate, zinc carbonate and zinc oxide. Zinc carbonate occurred 
from dehydroxylation of hydrozincite. The other assume is zinc carbonate forming occur due to the 
existence of CO2 in a large amount in the system and enable to drag the equilibrium of reaction into zinc 
carbonate formation. The other studies reported that carbon balance at atmosphere take a rule in the 
hydration-carbonation or hydration and carbonation reaction path in the ZnO-CO2-H2O system [7]. 

1. Decarboxylation turn into carbonate acid 
H2C2O4 (aq) ↔ CO (g) + H2CO3 (aq)        (7) 
 
2. Hydrozincite Forming Reaction 
5ZnO (s) + 3 H2CO3 (aq) + NaOH (aq) → Zn5(CO3)2(OH)6 (s) + NaHCO3 (s)    (8) 
 
3. Zinc oxide Forming at 600 °C 
Zn5(CO3)2(OH)6 (s) → 2 ZnCO3 (s) + 3 Zn(OH)2 (s)       (9) 
Zn(OH)2 (s)  ↔ ZnO (s) + H2O (g)          (10) 
ZnCO3(s)  ↔ 2 ZnO (s) + CO2 (g)         (11) 
2NaHCO3 (aq) → Na2CO3 (s) + H2O (g) + CO2 (g)       (12) 
 

 
 

Figure 5. Difractogram XRD leaching product (left) and calcinated product (right) 
 
4. Conclusion 
Leaching zinc dust from the electric arc furnace waste by using oxalic acid at 90 °C for 150 minutes 
resulted to the hydrozincite and sodium bicarbonate formation. This perhaps caused by decarboxylation 
phenomenon during leaching process which encouraged the transformation of oxalate into carbonate.  The 
existence of CO2 in atmosphere caused the calcination process at 600 °C that resulted zinc carbonate, zinc 
oxide and sodium carbonate. 
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