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Abstract: The knowledge concerning collectors in flotation process is essential to extract tin from current ore 

considered in the past as tailings because of their low-grade cassiterite concentrate. Flotation of cassiterite with 

sulfosuccinamate and hydroxamate were investigated. Results show that both are able to float fine cassiterite 

particles at pH between 2 and 4. Moreover, the concentration that generates a selective flotation is around 

10mg/L for both collectors. Mixture of collectors creates a synergic effect higher than the sum of individual 

reagents. Thus, the most selective mixture is 2mg/L of sulfosuccinamate and 4mg/L of hydroxamate.  
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1. Introduction 
Tin is one of the most commonly used metal. It is 

found as oxide minerals and extracted from tin-

containing ores, among which the most widespread is 

cassiterite (SnO2). Coarse cassiterite particles are 

usually recovered thanks to gravity separation but this 

technique is inefficient for fine particles which are 

treated by flotation. This physic-chemical separation 

process based on wettability of minerals (surface 

property) consists of fixing (adsorption process) 

chemical substance called collector on hydrated 

minerals surfaces in order to make them susceptible 

to hold to bubbles. Thus, this method separates 

valuable minerals and unwanted gangue minerals.  

A lot of research has been done in order to find 

the most selective collector for cassiterite. In this 

work, the mechanisms of fine cassiterite particles (20 

– 63 μm) with hydroxamate and sulfosuccinamate as 

collector were studied through flotation tests in order 

to find the best conditions (pH, concentration of 

collector, mixture of hydroxamate and 

sulfosuccinamate to enhance the flotation selectivity). 

In addition, the effects of ultra-fine particles (<10 μm) 

on flotation were further discussed. 

2. Materials and methods 
At the beginning of experimentations, the 

experimental plan was to work on pure mineral by 

generating a high-grade cassiterite concentrate thanks 

to different methods of separation. A tin ore sample 

from Panasqueira mine which contained about 20 % 

of SnO2 according to X-ray diffraction results shown 

on Fig.1, was further purified to remove wolframite 

using magnetic separation. The non-magnetic part 

made of cassiterite and sulfides was introduced in an 

electrostatic separator in order to separate cassiterite 

and sulfides. Unfortunately, there was not enough 

high-grade cassiterite concentrate to realize different 

tests of flotation.  

A new experimental plan was decided: flotation 

would be done with mixed minerals. The only step 

before cassiterite flotation was to put the Panasqueira 

sample into a ceramic ball mill to obtain particles 

which size is between 20 and 63 μm.  

Flotation: experiments were performed in a 

flotation cell with a volume of approximately 190 mL. 

The contents of the cell were stirred out at 1780 

tr/min by a rotor. pH was fixed using HCl and NaOH 

solutions. Each test was carried out by equilibrating 

10.0 g of tin ore sample. The aims of these series of 

tests were to find: 

1) pH in which sulfosuccinamate A845 (at 30 mg/L) 

and hydroxamate A6494 (at 80 mg/L) are the 

most selective.  

cassiterite 

Figure 1 : XRD pattern of Panasqueira tin ore sample 
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2) Concentration in which sulfosuccinamate A845 

and hydroxamate A6494 are the most selective. 

The series of tests were done at optimal pH found 

thanks to 1) and 2). 

3) Once done, a series of tests made at the pH 

representing the mean of the two optimum pH for 

A845 et A6494 were supposed to give the best 

ratio concentration in cassiterite flotation.  

The procedures involved in the flotation tests are 

revealed in Fig 2. At last, concentrate and bottom 

products were dried in a oven, weighed and analysed 

by X-ray fluorescence (NITON XL 3t). 

 

Figure 2: Flotation flowchart of cassiterite 

3. Results and discussion 
3.1 Optimal pH for sample flotation 

Fig.3 compares the flotation on Panasqueira 

sample with collectors A845 and A6494. A higher 

flotation of tin, and so for cassiterite, can be seen for 

all pH ranges. But tin content is not much higher than 

the initial sample tin content (24% for A6494 against 

18%). However, pH of 2.2 for A6494 and 4.2 for A845 

give the best results.  

 

Figure 3: Effect of pH on sample flotation 

Indeed, at acidic pH cassiterite surface is positively 

charged which makes electronic interaction with 

anionic collectors A845 and A6494. Then adsorption 

of collectors on cassiterite surface is possible thanks 

to hydrogen bonding or complex formation. 

3.2 Optimal collector concentration for sample 

flotation 

Fig.4 shows that below a certain collector 

concentration, flotation is not selective enough. 

 

Figure 4: Effect of collector concentration on sample flotation 

         Then, at high collector concentration, recovery 

rate and tin content become stable but, not as high as 

expected. It shows also that flotation is not as 

selective as expected. Best concentrations are 10mg/L 

for A845 and 16mg/L for A6494. 

3.3 Best collector mixture 

Chart 1: Sample flotation with various rates of collector 
concentration 

 

Chart.1 gives the results of flotation for the 

various rates of the two collectors tested. The best 

rate is test 3 with 2mg/L of A845 and 4mg/L of A6494. 

Test 9 gives good results too but test 3 was performed 

with lower collector concentrations so it is more 

efficient. 

4. Conclusion 
The flotation tests of Panasqueira sample show 

that hydroxamate is a better collector than 

sulfosuccinamate for recovering cassiterite. 

Meanwhile, they didn’t concentrate cassiterite 

sufficiently as they reach 24% of tin and an ore with 

40% of tin is marketable.  A circuit of flotation should 

be done in order to enhance cassiterite selectivity of 

flotation. Or maybe, tests of flotation with particles 

sizing 10-20 μm would give good recovery rates but 

low selectivity. 

 


