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ABSTRACT 

Nickel is an important element in the metal alloy industry. In Indonesia, nickel resources are found in many areas 
in the form of rocks such as pyrophyllite. Froth flotation is a method commonly used in the mining industry to 
extract metals such as nickel from mineral rocks. However, the nickel concentrates yields tend to be relatively 
low. This is often influenced by several factors such as the pH solutions and stirring speed used in the process. 
Therefore, this study aims to investigate the effect of agitation speed and collector concentration on the nickel 
recovery results obtained from the froth flotation process. In this study, variations of pH solutions at 8,9, and 10 
were used. Meanwhile, the stirring speed was varied to 700, 800 and 900 rpm. The results showed that the pH 
solutions and stirring speed had a significant impact on nickel recovery. Optimum results were obtained at pH of 
10 and stirring speed of 900 rpm where the nickel concentration reached 27,55% from the initial concentration 
of 8,21%. 
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1. Introduction  

Nickel (Ni) is one of the most common elements on Earth and is widely found in the 
Earth's crust and nucleus. Nickel is also a metallic mineral that benefits a variety of industries, 
including the chemical industry. Pure nickel is found only in the Earth's crust and is 
predominantly found in several types of rocks, including pyrophyllite[1]. Nickel has physical 
properties of a glossy white colour, very hard, rustproof and resistant to dilute acids [2]. There 
are two types of nickel ore that are widely used in alloy industries: laterite nickel and nickel 
sulphide. Laterite nickel ore is located in a relatively shallow area 15 to 20 metres below the 
surface of the earth. Nickel sulphide ore is a nickel deposit containing complex minerals 
including copper, some precious metals and cobalt. The cost of mining nickel sulphate ore is 
relatively high because nickel sulphate ore is formed thousands of metres underground by the 
reaction of sulphur [3]  The content of pure nickel in laterite nickel ore is about 4% or less. 
Some other studies showed that the nickel content is around 1% to 3%, at most 4%. This is 
because nickel ore is contained in various inclusions, especially peridotite and sulphide 
minerals [4]. About 70% of the world's nickel ore reserves are laterite ore, the remaining 30% 
is sulphide ore, almost 60% of the world's nickel production is nickel sulphide ore, and the rest 
is laterite nickel ore [5]. Pyrophyllite is a type of metamorphic rock rich in aluminium silicate. 
The distribution of pyrophyllite minerals in South Malang, especially in the Sumbermanjing 
area, is estimated to be about 1 million tons, and the mined area of pyrophyllite is about 20 
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hectares [6]. Moreover, the Indonesian Mining Law No. 4 of 2009 requires that all mineral 
materials to be marketed must first be processed into semi-finished materials, concentrates 
or even finished materials. This means that the government has severely restricted the sale or 
export of low-grade mining products by mining industries.  

Given the widespread use of nickel sulphide ore reserves as a raw material, it must be 
used appropriately and efficiently. Therefore, in this study, the remaining nickel sulphate ore 
contained in pyrophyllite rock was used as the main raw material for flotation. Operating 
conditions for the flotation process to work well are the presence of certain particles that float 
by adhering to bubbles and rising to the surface. Since particle size can determine the 
buoyancy of particles in the flotation process, particle size is one of the factors that determine 
whether the flotation process is successful [7]. Froth flotation is the process of using bubbles 
to bring solids, liquids, and other solutes to the surface of a solution. The flotation material 
adheres to the surface of the bubble, therefore it floats on the surface of the solution and is 
quickly separated from the solution and remains attached to the floating material [8]. The 
prerequisite for bubble flotation is that the substance must be hydrophobic so that it can 
adhere to the bubbles generated by the bubble flotation device. Substances that are not 
hydrophobic or are still hydrophilic can first be converted to hydrophobic substances by 
adding a compound called a collector. 

According to the results of a previous study by Fajar Nurjaman (2020) [9], the laterite 
nickel ore reduction process reduces iron and nickel oxide compounds in laterite nickel ore to 
ferronickel concentrates at temperatures of 1100-1200°C and addition of sulphur as additives. 
The result showed that the more sulphur as additives used in froth flotation increased the 
concentration of nickel in the concentrates. However, from an economic point of view, the 
method was not efficient since the process required high amounts of additives and high 
energy consumption for heating the process. Furthermore, the results of the prior study 
carried out by Nida Khoirina (2017) [10], laterite nickel ore on nickel extraction using solid-
liquid extraction, also known as leaching, used sulfuric acid as leachant. The results showed 
that this method could increase nickel recovery after extraction at 95oC. However, this method 
takes 6 hours to process. In addition, according to a previous study conducted by Firmansyah 
in 2009 [11], examined the effect of oleic acid and pine oil as collectors on nickel recovery. 
The results showed that the addition of 895 grams of oleic acid and 30 grams of pine oil 
obtained nickel concentrate of 50.67%. However, even though the method gave better results 
compared to the other method, it required high-cost process production. Therefore, in order 
to solve all drawbacks of the prior studies, the purpose of this research was to investigate the 
effect of pH solutions and stirring speed of froth flotation on nickel recovery from phyropillite 
ores. The flotation process in this research utilised NaOH for pH control and high stirring speed 
for better results of nickel recovery. 

 
2. METHODOLOGY  
This research uses quantitative methods by conducting laboratory-scale experiments. This 
study used the variable pH of the solution and stirring speed to determine its effect on the 
recovery of nickel obtained after the froth flotation process. In this study, variations of pH 
solutions at 8,9, and 10 were used. Meanwhile, the stirring speed was varied to 700, 800 and 
900 rpm. Analysis of the nickel content in the concentrate was carried out using an XRF (X-ray 
Fluorescent X-ray) device. 

The study began with the raw material preparation of pyrophyllite ores, aquadest, 
NaOH, and Na2CO3. Pyrophyllite rock undergoes a crushing process using a crusher. The rock 
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is then crushed into powder and sieved with a 100-mesh sieving tool. Next, preparation of 
solutions was carried out by mixing 8 litres of distilled water, 75 g of NaOH and 35 g of Na2CO3. 
The next step was conducting the flotation process by mixing the solutions and pyrophyllite 
ores using stirring speed at the variables, i.e., 700, 800, and 900 rpm and at the pH of 8,9 and 
10. The flotation process ran for about 15 minutes up to particles adhering to the surface of 
the froth flotation tank. The spills that have been wiped out by the top stirrer were first 
collected before being dried in an oven at a temperature of 220-250 °C for 1 hour. The last 
step was nickel content analysis of the dried concentrates using XRF 

 
3. RESULTS AND DISCUSSION 

The nickel content was analysed before and after the froth flotation process. The 
analysis results of the initial pyrophyllite ores before the flotation process are shown in Table 
1. According to Table 1, it can be seen the content and grade of the original pyrophyllite rock 
containing nickel with a concentration of 8.21%. 

Table 1. Initial component of pyrophyllite ores 
Component %Content 

Si 46 
S 6 

Ca 0,93 
Ti 3,4 
V 0,10 
Cr 0,18 
Fe 17,2 
Ni 8,21 
Ga 0,046 
Sr 0,91 
Y 0,14 
Zr 0,35 
Nb 0,76 
Mo 16 
Au 0,093 

 
Although the nickel content in pyrophyllite ores is quite high, it has not fully met the needs 
of the alloy and battery industry market where the nickel content required is at least 20%. 

In this research work, the results of the study showed that the nickel content increased 
after the froth flotation process. As can be seen in Figure 1, the variable pH solutions and 
stirrer speed affects the nickel recovery. The nickel recovery rate was calculated use equation 
(1). 

R = 𝐶𝐶.𝑐𝑐
𝐹𝐹/𝑓𝑓

 x 100 %                       (1) 

Where R is nickel recovery (%), C is weight of concentrate (grams), F (Feed Weight), c (Nickel 
Content in Concentrate) and f is feed nickel content (%).  
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Figure 1. The Relationship between nickel recovery (%) to the stirring speed at different 

pH solutions. 
 

From Figure 1, It can be seen that the pH solutions and stirring speed has a significant effect 
on the nickel recovery. The highest nickel recovery was obtained at stirring speed of 900 rpm 
and at pH solutions of 10. It can be observed that the froth flotation of nickel worked 
effectively under alkaline conditions and high stirring speed. The results of this study are in 
accordance with the theory which states that froth flotation works undel pH of 7-13 [12]. And 
also consistent with the findings in Pratama (2018) [13], which states that the greater the 
stirring rotation in the flotation process, the % recovery is getting bigger. 
 
4. CONCLUSIONS AND OUTLOOK 

From the results of the study, it can be concluded that the pH of the solution and the 
rotation of the stirrer in the froth flotation have a significant effect on nickel recovery. The 
higher the pH of the solution and the stirring speed, the higher the nickel recovery in the 
concentrate. Maximum nickel content was obtained at pH 10 and stirring rotation 900 rpm 
with nickel recovery 27,55%. 

For further research, it is expected to add variables in order to find out many 
comparisons and the effect of using pH and stirrer rotation, in order to find out the value with 
the best, lowest and optimal operating conditions. 
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