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1. Introduction 

In this era of globalization, the use of 

electronic devices, such as cellular phone, 

portable computer, and many others saw 

significant increase, prompting the 

development of efficient, electrical energy 

storage device (in this case, battery) that 

economical, high-capacity, as well as being 

made from materials that are 

environmentally friendly and easily 

obtained. Example of batteries that have 

seen widespread use on portable devices 

currently are lithium-ion batteries (LIBs), 

such as on cellular phones, personal 

computer, video cameras, and also 

motorized vehicle in this modern days. Due 

to being able to fulfil the desired 

characteristics, such as small weight and 
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size, high voltage, low energy release 

velocity with high energy density is what 

makes LIBs can be used as alternatives for 

fossil fuel today [1,2]. 

As one of secondary battery cathode 

materials, lithium iron phosphate or also 

known as LiFePO4 had shown good 

performances and widespread use in their 

applications at electric motor vehicles at 

moderate to higher capacity due to lower 

cost, non-toxic, and high theoretical capacity 

(170 mAhg-1), and good cyclic performance 

[3]. 

Hydrometallurgy is a widespread 

leaching method that can also be used to 

recycling LIBs. It involves leaching process 

from cathode material obtained from the 

first step, by selectively separating the metal 

from leaching solution, thus can be obtained 

in pure condition at various condition. In this 

process, Liu (2017)[4] demonstrated the 

recovery of Li from used LiFePO4 batteries 

with the use of H2SO4 (often supported with 

H2O2 as oxidant) and some organic acids to 

perform the leaching method of all material 

elements inside the solution into cathode 

materials followed by separation process by 

chemical precipitant (NaOH). Chen et.al 

(2014) also uses H2SO4 to extract lithium 

from other types of lithium batteries as well 

[5]. 

Li (2017) demonstrates the reaction 

between Fe ions and H2SO4 with H2O2 

presence as follows [4]: 

2Fe2+ + H2O2 + 2H+ → 2Fe3+ + 2H2O 

While Zhang et.al. demonstrated the 

reaction as [6]: 

Fe2O3
(s) + 6H+ → 2Fe3+ + 3H2O(l) ……… (1)  

∆G=-130.300 J/mole 

Fe3O4(s) + 6H+ → 2Fe3+ + 3H2O(l)   ……….. (2) 

∆G = -211.120 J/mole 

However, it was found that excessive 

addition of acid to all metal elements, 

leading to high acid concentration (from 2M 

up to 6 M) caused the separation process 

required significant amount of base to 

neutralize it. The leaching separation 

method with molar ratio LiFePO4: H2SO4: 

NaOH at 1: 8: 15 indicates that H2SO4 

addition would be 16 times as much than the 

stoichiometric value. He et.al. (2010) was 

able to recover up to 65% of iron from pyrite 

cinder leaching solution by the use of H2SO4 

at pH 7.0 (based on optimum operating 

parameter) and NaOH ranging from 1M to 

5M as neutralizing base[7]. However, the 

need for NaOH for the neutralization was 

about 0,06 gram per gram sample [7]. 

Assuming that the leaching result is treated 

by (NH4)2H2PO4 and H2O2 then dried, the cost 

of both acid and neutralizing base would be 

high as well.  

For these reasons, several weak acids 

are also used, such as organic acids [8] 

among them are citric acid, malic acid [9], 

tartaric acid [10], and formic acid to recycle 

the iron from the battery shell. In this 

research, as it was found that tartaric acid 

was the most effective, the FePO4 precursor 

synthesis was done by leaching of battery 

shell consisted mainly of iron by the use of 

tartaric acid. In this method, Fe2+ ions from 

the shells are dissolved within the tartaric 

acid solution, later treated by the use of 5% 

H2O2 and (NH4)2H2PO4 powder [11].  

2. Experimental Method 

2.1. Materials 

Raw materials used in this research 

included: Used Nickel-Plated A3 steel 

battery shells, tartaric acid, distilled water, 

5% mole H2O2, and (NH4)2H2PO4 powder 

(ACS, Reag. Ph Eur, Merck) 

 

2.2. Methodology 

Materials and reagents. Raw materials 

used in this research included: Used Nickel-
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Plated A3 steel battery shells, tartaric acid, 

distilled water, 5% mole H2O2, and 

(NH4)2H2PO4 powder.  

Experimental procedures.  

(1) Creating 1,5 M tartaric acid solution 

at 100 ml by diluting 22,5 grams of the acid 

into the distilled water. 

(2) Leaching of the shell. The leaching 

process was done by chipping the used 

shells, 5 grams each, for each leaching 

temperature variable at 30℃, 50℃, 70℃, and 

90℃.  

(3) Dissolving the chipped shell into the 

tartaric acid solution inside the beaker and 

stirring it continuously at 500 rpm for 

period of 3, 6 and 9 hours. During the 

leaching period 25 mL samples were taken 

for each leaching temperature and period.  

(4) After those samples were taken, 

those samples were diluted 5000 times. AAS 

analysis were performed to determine the 

Fe content on each samples. 

(5) Weight measurement of leached 

iron and reacting (NH4)2H2PO4 

stoichiometrically with the leaching 

solution product (mole ratio 1:1). Then 

H2O2 were added at 5 ml to each analyzed 

solution until yellowish-white deposits 

were formed. Next is filtering those deposits 

and washing them with warm water (50 ℃). 

After that, those deposits were dried by the 

use of oven and measuring the weight of the 

dried FePO4.  

(6) XRD analysis and SEM is performed 

to analyze the synthesized FePO4 crystal 

particle and morphology system. 

 

3. Result and Discussion 

3.1. Analysis of recovered Fe concentration 

by AAS 

AAS analysis result of diluted leaching 

solution with leaching temperature of 30oC, 

50℃, 70℃, 90℃ and period of 3, 6, and 9 

hours is shown in Figure 1. Each leaching 

temperature and period show different Fe 

absorbance levels, where AAS analysis 

result shows extracted Fe of 1,02 % (30℃); 

2,76 % (50℃); 9,93 % (70℃); and 34,31 % 

(90℃) by leaching period of 9 hours.

 

Figure 1. AAS analysis on Fe Leaching at 

temperature 30℃, 50℃, 70℃, and 90℃ at 

periods of 3, 6, and 9 hours 

AAS analysis shows that the higher the 

temperature and the longer the leaching 

period, the bigger the Fe2+ ion concentration 

dissolved in the acid solution. From the 

analysis, the highest concentration of 

dissolved Fe2+ at 34,31% was achieved 

during 9 hours of leaching period at 90℃. 

3.2. FePO4 Analysis by XRD (X- ray 

Diffraction) 

XRD analysis aims to determine crystal 

system from FePO4 sample. It shows the 

formation of FePO4. XRD analysis result is 

shown on Figure 2: 

 

Figure 2. FePO4 characterization using X- 

Ray Diffraction at leaching temperature of 

30 ℃, 50 ℃, 70 ℃, dan 90 ℃. 
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Table 1.  Analysis result with lattice 

parameter 

Variable I(012)/I(122) R 

FePO4 30 ℃ 1,79 0,497 

FePO4 50 ℃ 1,85 0,420 

FePO4 70 ℃ 1,91 0,432 

FePO4 90℃ 2,26 0,399 

 

The higher I(012)/I(122) ratio, the 

lower cation mixing degree of cathode 

material. Measurement result indicates 

I(012) peak height compared to I(122) 

gives ratio number of more than 1.2. The 

lattice parameter requirement shows the 

oxidation on iron (Fe2+ to Fe3+) until it is 

stabilized, while lower R factor value, 

indicated as lower than 0,44 shows that the 

component is well-distributed [12]. 

XRD quantitative result of FePO4 

powder synthesized by tartaric acid 

leaching at 50℃ to 90℃ shows uniformity, as 

shown by 3 peaks with similar position but 

with slight difference on each peaks. These 

3 peaks show the formation of FePO4 

complying to FePO4 cathode International 

Centre for Diffraction Data (ICDD) in 

general. This means that FePO4 had been 

synthesized, although the leaching 

temperature of 30℃ only shows little FePO4 

formation. 

 

Figure 3. Analysis result of FePO4 XRD to 

commercial FePO4 comparison 

Comparing the analysis of synthesized 

FePO4 to JCPDS commercial FePO4 

precursor shows the of diffraction angle and 

intensity is almost the same. This shows 

that FePO4 with properties similar to 

commercial FePO4 had been synthesized at 

the leaching temperature and period. 

However, a peak at 38o diffraction angle is 

unsuitable with commercial FePO4 

precursor. It can be said that FePO4 

synthesis result by the use of tartaric acid 

leaching gives impurity in form of Fe(OH)3 

as by-product of iron hydrolysis in acid 

solution [13]. 

4. Conclusions 

In this research, FePO4 is synthesized 

by varying the leaching temperature and 

period. Leaching temperature is 30°C, 50°C, 

70°C and 90°C, while leaching periods are 3, 

6, and 9 hours. AAS analysis indicates that 

synthesis is the most effective at 90°C and 

leaching period of 9 hours, with the 

extracted Fe of 34,31%. XRD analysis 

indicates optimum FePO4 formation at the 

same temperature and period, indicated by 

diffraction angle and intensity that is almost 

the same with JCPDS FePO4 commercial 

precursor. 
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