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ABSTRACT 

The Heavy Sand Minerals which are placer deposits composed of minerals such asIlmenite, Garnet, Sillimanite, 

Rutile, Zircon and Monozite. Sillimanite is a trimorph and known popularly as fibrolite contributes its application in 

Refractory manufacture primarily. Feed has 10% Sillimanite along with other minerals is treated in pre 

concentration plantcomprising of spirals and classifier combination to separate from other concentrates results 

inSillimanite/quartz of 23% Sillimanite. The Sillimanite/quartz is then treated in wet Sillimanite circuit, comprising 

spirals and flotation cells to upgrade the Sillimanite concentrate to 86% Sillimanite. Froth Flotation is a versatile 

method for physically separating particles which is a surface-chemistry process of separation of fine solids that takes 

advantage of the differences of wet ability at solids-particle surfaces. The Experimental work was performed in a 

pilot scale laboratory flotation cell continuously with the two phase system (water and air). The operational 

parameters as a part of transient analysis were identified and varied to achieve the economic optimum combination 

of concentrate grade and mineral recovery in the cell. For most purposes the mineral concentrates should have 

alumina contents in the range of 54-70% and be as low as possible in fluxing elements such as iron, titanium and 

alkalies contained in gangue minerals. 
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INTRODUCTION 
Heavy mineral sands are placer deposits formed most 

usually in beach environments by concentration due 

to the specific gravity of the mineral grains which are 

favoured by the ecological conditions and convolute 

networks of rivers resulted ordinarily along the 

coasts. In beach sands, ilmenite is the principle 

mineral followed by garnet, sillimanite, rutile, zircon 

and monazite. Generally specific gravity, magnetic 

and electrical properties are exploited to separate 

these minerals. 

Sillimanite is an industrial mineral used in 

manufacture of refractory bricks & crucibles. Beach 

sand of Srikakulam, Andhra Pradesh contains 

Sillimanite together with Ilmenite, Rutile, Zircon and 

Garnet which is usually separated from pre 

concentrated ore by gravity separation, classification 

and flotation techniques. The present work includes 

the Separation and Concentration of sillimanite from 

other minerals by using Conventional Flotation Cell. 

 

MATERIALS AND METHODS 

All flotation studies were carried out using a 

laboratory Denver sub-aeration flotation cell of 10 L 

capacity. The froth Flotation operation was 

performed in laboratory where Sillimanite sample (of 

28 to 32% Sillimanite) is treated in conventional 

flotation set up consists of an impeller for the purpose 

of blending dosing contents, the speed of which can 

be altered as per the requirement. The pulp density is 

varied between 30 to 40% of solids after addition of 

conditioning components flotation operation is 

started by incurring air flow when the air bubbles are 

formed and due to addition of dosing agents earlier 

froth formation begins. The froth is removed by 

continuous paddle movement which is Sillimanite 

concentrate and sink principally contain quartz. Here 

Oleic acid is used as a collector and frother, sodium 

silicate as depressant, soda ash to maintain pH. The 

process is carried out at turbulent condition. Flotation 

time is noted up till the time the froth is formed and 

completely removed. About 3.5-4.0 kg of the sample 

was conditioned with required amount of collector at 

35%-40% of pulp density for about five minutes at 

pH
   

ranging from 9.5-10.5.  Both froth and tailings 
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were collected, dried, weighed and mineralogical 

analysis is reported. Initially, studies were carried out 

to determine the most efficient dosage considering 

collector dosage at constant. 

The optimum speed of the impeller can be 

determined by the response of the flotation results. 

The effect of pH on the performance can be 

determined by conducting experiments at constant 

collector dosage, constant frother dosage and pulp 

density. 

 

Reagents for conditioning: 

 Alkaline solution of pH using soda ash. 

 Sodium silicate as a depressant to depress 

the quartz 

 Oleic acid used as collector cum frother to 

float the Sillimanite  

 

Conventional flotation cells using for: 

 It produces large size of the bubble 

 Bubble particle attachment in a single zone 

 Turbulent state of the pulp 

 

RESULTS AND DISCUSSIONS 
This chapter presents the results of the study of the 

various parameters are such as collector dosage, 

frother dosage, pH and pulp density. For most 

purposes the mineral concentrates should have 

alumina contents in the range of 54-70 % and be as 

low as possible in fluxing elements such as iron, 

titanium and alkalies contained in gangue minerals. 

In view of optimizing the operational parameters the 

lab scale test works were conducted. 

 

Since precise monitoring of oleic acid dosage was 

found to be essential to achieve good grade and 

recovery. The results show that sillimanite recovery 

increases with collector dosage. By contrast, the 

product grade decreases with increasing collector 

dosage. At higher dosages of oleic acid, garnet was 

found to float and contaminate the quality of 

sillimanite concentrate. This is attributed to 

adsorption of excess oleic acid on garnet. 

 

The effect of sodium silicate on grade and recovery 

of sillimanite was also studied. It is known that the 

sodium silicate is widely used as a depressant for 

quartz and silicates. From the results it is apparent 

that quartz is fully depressed and reported to tailings. 

It was observed that the concentrate grade is not 

affected by increasing the dosage of sodium silicate 

from 1.0 kg/t to 3.0 kg/t. Though the action of silicate 

on quartz depression is not clear, it is presumed that 

heavily hydrated micelles of silicic acid are adsorbed 

on quartz making the surface hydrophilic. It is noted 

that the recovery of sillimanite decreased marginally 

at higher dosage of sodium silicate and the effect may 

be attributed to adsorption of excess silicic acid on 

sillimanite surface. 

 

Experiments were conducted to establish the wash 

water requirement for proper cleaning. The use of 

wash water is intended to promote the removal of 

entrained hydrophilic gangue particles from the froth 

phase. From the results, it is apparent that a wash 

water velocity is essential to improve the grade and 

recovery. The effect of froth depth on grade and 

recovery was also studied. The grade increased from 

67to 88% with froth depth while recovery got 

decreased. Froth depth has the practical advantage of 

reducing the entrainment of hydrophilic particles 

from the froth. As expected, with increasing froth 

depth, the froth becomes drier and its mobility is 

reduced. While the improved water removal produces 

a concentrate with higher grade, the recovery 

decreases as a result of the reduced mobility. 

 

Fig 1: Graph between oleic acid and sillimanite % 

 
 

Slurry feed rate and percent solids are important 

variables to establish the residence time and 

conventional throughput. By increasing the feed rate, 

the particle residence time is reduced and thereby 

recovery. Increasing the feed solids up to a point 

where sufficient bubbles are available to lift the 

valuable particles can increase conventional 

throughput. Because of operational difficulties of the 

flotation cell at high percent solids experiments were 

restricted to only 40% solids. 

 

From the Fig 2 of Sillimanite grade (Sillimanite %) 

Vs Oleic acid dosage we conclude that the optimum 

dosage of oleic acid is 0.7kg/ton of feed where the 

maximum concentrate of Sillimanite concentrate is 

attained on a continuous basis. Below 0.7 kg/ton of 

feed we get low grade concentrate whereas above the 
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optimum limit the Sillimanite % is not consistent and 

wide variation is observed. 

 

Fig 2: Graph between oleic acid and sillimanite 

recovery % 

 
 

From the Fig 3 of Garnet grade (Garnet %) Vs Oleic 

acid dosages we conclude that the optimum dosage of 

oleic acid is 0.7 kg/ton of feed where low quantity of 

garnet is reported in Sillimanite concentrate on a 

continuous basis. Below 0.7 kg/ton of feed we get 

high garnet grade in concentrate whereas above the 

optimum limit the Garnet % remains constant without 

much variation. 

 

Fig 3: Graph between oleic acid and log garnet % 

 
 

From the Fig 4 of Quartz grade (Quartz %) Vs Oleic 

acid dosages we conclude that the optimum dosage of 

oleic acid is 0.8 kg/ton of feed where the low quantity 

of quartz is reported in Sillimanite concentrate on a 

continuous basis. Below 0.8 kg/ton of feed we get 

high quantity of quartz in concentrate whereas above 

the optimum limit the quartz % is not consistent and 

slight increase in quartz % is observed. 

 

Fig 4: Graph between oleic acid and quartz 

%

 
 

With the concluded critical conditions the test works 

are conducted which resulted in maximum froth 

grade of 88% and maximum recovery of 64 %. The 

parameters that have impact upon the flotation and 

their ranges at which the critical conditions can be 

obtained are listed considering the obtained results as 

below: 

1. Collector dosage shall be varied from 0.8 to 

1 kg / ton of feed 

2. Pulp density (% of solids) shall be varied 

from 30 % to 40 % 

3. pH shall be varied from 9.5 to 10.5 

4. Depressant dosage shall be varied from 0.57 

to 0.85 kg / ton of feed. 

 

CONCLUSIONS 
A 10 liters capacity conventional flotation cell was 

installed for the pilot scale study and operated 

continuously to study its effectiveness for the 

beneficiation of sillimanite. Process parameters such 

as oleic acid dosage, sodium silicate, wash water, 

slurry feed rate and froth depth were studied. 

Continuous tests were also conducted at optimum 

conditions to verify the consistency of sillimanite 

production by flotation column. Results clearly show 

that at optimum conditions, a 88% sillimanite 

concentrate (after removal of garnet/magnetic) can be 

produced at recoveries above 64%. Within the range 

of variables studied in the present work the following 

conclusions can be drawn: 

1. The optimum dosage of 

oleic acid collector is 

found to be 0.7 kg/t feed 

for better results of 

combustible recovery, 

combustibles, separation 

efficiency and yield. 

2. The pH is maintained at 

10.5 for better flotation 

performance. 
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3. For the feed, the 

maximum recovery and 

yield are obtained. So it is 

the best feed for flotation 

of sillimanite in the given 

parameters. 

The optimum flotation time can be taken as 

13minutes. 
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Table 1: Operation conditions and Percentage of sillimanite, garnet, quartz of test works 1, 2, 3, 4 and 5. 

Sample name 
Test 1 Test 2 Test 3 Test 4 Test 5 

Froth Sink Froth Sink Froth Sink Froth Sink Froth Sink 

Garnet % 11.3 10.8 10.1 19.5 11.5 16.1 8.7 11.0 10.2 14.5 

Sillimanite % 84.4 16.0 83.2 29.2 81.9 32.2 84.1 26.3 85.4 27.3 

Quartz % 1.7 69.2 1.2 44.1 2.6 45.7 1.2 55.2 1.0 53.6 

Others % 2.6 4.0 5.5 7.2 4.0 6.0 6.0 7.5 3.4 5.2 

Total weight (Grams) 696 2804 446 3054 362 3138 492 3008 543 3457 

Weight percent 19.88 80.1 12.7 87.3 10.3 89.6 14.15 85.9 13.75 86.11 

 

p
H
 9.5 9.0 10.0 10.5 10.5 

Pulp density 35% 35% 35% 35% 40% 

Depressant(Grams) 2.8 2.8 2.8 2.8 2.8 

Depressant 

(kg/ton of feed) 
0.08 0.08 0.08 0.08 0.7 

Collector cum frother 

(Grams) 
3.5 3.5 3.5 3.5 3.5 

Collector cum frother 

(kg/ton of feed) 
1 1 1 1 0.88 

 

 

 

Table 2: Operation conditions and Percentage of sillimanite, garnet, quartz of test works  6, 7, 8, 9, 10 and 

feed. 

 Sample name 
Test 6 Test 7 Test 8 Test 9 Test 10 

Feed 
Froth Sink Froth Sink Froth Sink Froth Sink Froth Sink 

Garnet % 7.9 14.0 8.5 15.0 10.1 15.0 6.7 13.1 8.1 15.2 10.0 

Sillimanite % 83.0 26.0 87.2 35.0 86.0 24.0 88.0 22.5 85.5 28.9 30.0 

Quartz % 3.1 52.0 1.3 45.3 1.9 57.5 1.3 57.9 3.2 51.9 53.0 

Others % 6.0 8.0 3.0 4.7 2.0 3.5 4.0 6.5 3.2 4.0 7.0 

Total weight (Grams) 592 3908 837 3163 412 3588 380 3320 902 3098 

Weight percent 13.15 86.8 20.9 79.02 10.3 89.7 10.2 89.7 27.17 72.82 

 

p
H
 10.5 10.5 10.5 10.5 10.5 

Pulp density 45% 40% 40% 37% 40% 

Depressant(Grams) 2.8 2.8 2.8 3.5 2 

Depressant 

(kg/ton of feed) 
0.62 0.7 0.7 0.95 0.5 

Collector cum frother 

(Grams) 
3.5 3 4 3 2.8 

Collector cum frother 

(kg/ton of feed) 
0.78 0.75 1 0.81 0.7 

 

 

 

 

 


