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Abstract  

Morowali has a lot of laterite ore deposits wich is one of the mineral resources containing several kinds of metal 
elements, consist of Iron (Fe), Silicone (Si), Nickel (Ni), Chromium (Cr), Manganese (Mn), Calcium (Ca), 
Phosphate (P), Zinc (Zn), Vanadium (V), and Scandium (Sc). Nickel is a metal that have high economic value 
because it various benefits, such as the production of stainless steel, electric plates, coins, batteries, and catalysts. 
There are two common nickel laterite processing that are pyrometallurgy and hydrometallurgy. In this study, 
hydrometallurgy method is applied to process nickel laterite of Morowali. An important step in this process line 
is ore leaching. This research is conducted to find a condition in atmospheric leaching of Morowali nickel laterite. 
This investigation work deals with varying the concentration of citric acid of 0.5 to 2.0 M and reaction time 10 to 
120 minutes. The constant parameter are leaching temperature (K), stirring speed (rpm), and particle size (mesh). 
The results showed that the higher concentration of citric acid, the higher nickel recovery. The good conditions is 
obtained at concentration of citric acid 2.0 M and leaching time of 120 minutes, it proved by the amount of nickel 
recovery reached 1197.50 ppm.  
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 Introduction  
In nature, nickel is found in the form of sulfides and oxides. Globally, around 72% of the world's nickel reserves 
are in oxide rocks, commonly called laterites and the remaining sulfide rocks. However, only around 42% of total 
world nickel production is sourced from laterite ore (Dalvi dkk., 2004). Laterites are oxide ores widely distributed 
in the equatorial regions. Lateritie deposits usually consist of three layers, namely the limonite, the saprolite and 
garnierite (Wellmer, 2002). Until now, nickel production continues to increase along with increasing world 
demand. However, the problem to be faced in the future is the depletion of nickel sulfide reserves. Therefore, the 
use of laterite as a source of nickel must be done even though the nickel content is lower than sulfide (Norgate, 
2010). Nickel laterite recovery can be carried out by pyrometallurgy and hydrometallurgy process. 
Hydrometallurgy is a metal extraction process execute at relatively low temperatures by leaching using a chemical 
solution, whereas pyrometallurgy is a metal extraction process implement at high temperatures (Kyle, 2010). The 
processing of laterite ore in Morowali is accomplished on low-grade nickel ores namely limonite by 
pyrometallurgy to produce ferronickel. The hydrometallurgical process is more appropriate to be used to process 
laterites with low nickel content, namely limonite type (Gustiana, 2018). High pressure acid leaching (HPAL) is 
a type of hydrometallurgical process that is commonly used on an industrial scale. However, this process is still 
considered to have weaknesses in terms of environment, economy, and energy (Simate, et al., 2010). Atmospheric 
pressure acid leaching (APAL) requires low energy and operational costs than High pressure acid leaching 
(HPAL) (Kyle, 2010; Kusuma, 2012).  

 The APAL process can be executed using several types of acids, both inorganic acids and organic acids as 
leachants (McDonald and Whittington, 2008a and 2008b). Inorganic acids still cause environmental problems 
when the leaching treatment is not performed well. Nowadays, organic acids have been being studied as alternative 
leaching reagents for nickel extraction from laterite ores to address those issues and to provide environmentally 
acceptable techniques (McDonald and Whittington, 2008b; Tang and Valix, 2006; Tzeferis and Agatzini- 
Leonardou, 1994). Astuti (2015) has investigated either inorganic acids such as sulfuric, hydrochloric, and nitric 
acids or organic acids such as lactic and oxalic acids in the leaching of nickel laterites. It shows that citric acid  
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gives the best nickel extraction because of its high dissociation constant and its ability to form nickel–citrate 
complexes during metal dissolution. The concentration of citric acid have a significant influence in the leaching 
process of nickel laterite. the higher the concentration of citric acid used, the higher the recovery value of nickel 
obtained. This is caused by the amount of acid that will be displaced the equilibrium to the right and increase the 
number of H+ ions. Thus, the use of higher concentrations allows the phase of reactant diffusion, chemical 
reactions, and product diffusion in solids. These three phase act as controllers of the leaching process so that they 
have an influence that cannot be ignored in the mechanism of the leaching process of laterite nickel using citric 
acid solution (Wanta, 2017). The aim of this research is to determine the good concentration of citric acid in 
atmospheric leaching for Morowali nickel laterite.  

 Materials and Methods  
The type of nickel laterite used in this study is limonite from Morowali, Central Sulawesi. Before the leaching 
process started, nickel laterite is prepared in advance by drying using an oven at  temperature 110°C for 4 hours, 
then grinded by using a hammer mill and sieved by a shieve shaker until particle size 200 mesh. The chemical 
composition of Morowali nickel laterite obtained by chemical analysis using X-Ray Fluorescence (XRF) by 
Zetium Panalytical as listed in Table 1. The result shows that dominant chemical component of Morowali nickel 
laterite is iron (Fe) followed by Silicone (Si), Nickel (Ni), Chromium (Cr), Manganese (Mn), Calcium (Ca), 
Phosphate (P), Zinc (Zn), Vanadium (V), and Scandium (Sc).  

 
Table 1: Chemical Analysis of the Main Elements Present in the Laterite Ore   

Element  Si  P  Ca  Sc  V  Cr  Mn  Fe  Ni  Zn  
Weight 

(mass %)  6.5  0.25  0.61  0.01  0.054  1.86  1.3  84.19  5.15  0.1  

  
The leaching process is carried out in an Erlenmeyer equipped with a stirrer and thermometer, as displayed at Fig. 
1. Before using the citric acid solution, the pH is measured using a pH meter by Lovibond®Water Testing, as 
shown at Table 2. Citric acid is taken 360 milliliters (various concentrations used are 0.5, 1.0, 1.5, 2.0 M) is heated 
using a hot plate until it reaches a temperature of 70°C. After the desired temperature is reached, the solution is 
stirred at agitation speed of 500 rpm. After that, 30 grams of nickel laterite samples with 200 mesh particle size 
are put into the acid solution. Entry time will be recorded as 0 minutes when the sample is added. Then, 30 
milliliters sample is taken with time intervals of 10, 20, 30, 60, 90 and 120 minutes. The sample that has been 
taken is a suspension solution and will be separated between the liquid phase and the solid phase by filtration. The 
filtrate gathered is analyzed using Atomic Absorption Spectroscopy (AAS).  

  

 
Fig. 1: Schematic of the leaching process  
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Table 2: pH of citric acid   

Concentration 
(M)  pH  

0.5  3.13  

1.0  3.07  

1.5  2.91  

2.0  2.86  

 Results and Discussion  
3.1. Effect of Citric Acid Concentration  
The acid concentration has main role in this investigation. As stated by Wanta (2017) Acid concentration shows 
the number of acid molecules in the leaching process. The results of nickel recovery by chemical analysis using 
Atomic Absorption Spectroscopy (AAS) are presented in Graphic. 1. The amount of nickel recovery is raised with 
the higher of acid concentration that is around 200 to 1200 ppm. The increasing of nickel recovery is appropriate 
with Le Chatelier principle where the addition of reactants will shift the direction of reaction to form the more 
progressive products (Solihin, 2014).  

  

 
Graphic. 1: Effect of citric acid concentration on the nickel recovery  

  

3.2. Effect of Leaching Time  
The effect of leaching time on nickel recovery is presented at Graphic. 2. The longer of leaching time implemented 
the higher nickel is earned. As the increasing of leaching time the frequency of intermolecular collisions rise 
rapidly, it causes the formation of products (nickel citrate) higher (Wanta, 2017). The improvement of nickel 
recovery at concentration 2.0 M very significant along leaching time of 10 to 120 minutes that is around 900 to 
1200 ppm.   
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 Conclusion  
Nickel laterite can recovered by atmospheric pressure acid leaching using citric acid. The acid concentration and 
leaching time are two influence factors on nickel leaching process. The good conditions is obtained at 
concentration of citric acid 2.0 M and leaching time of 120 minutes, it proved by the amount of nickel recovery 
reached 1197.5 ppm.  

 Nomenclature  
AAS       : Atomic Absorption Spectroscopy  
APAL     : Atmospheric Pressure Acid 
Leaching  HPAL     : High pressure acid 
leaching   
ppm        : part per 
million rpm         : 
rotation per 
minutes XRF        : 
X-Ray Fluorescene  
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