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Abstract. Antimony ore of Chitral in North West Frontier Province (NWFP) of Pakistan, containing stibnite as an
economical mineral, was upgraded by froth flotation technique. Through optimizing the flotation parameters, the grade
of the final antimony concentrate produced was raised to 62% Sb with 95 % recovery.
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Introduction
Stibnite (Sb2S3), being the main source of antimony metal and
its compounds, is the principal mineral ore. It is found in veins
with quartz and occasionally with various antimony minerals
resulting from the decomposition of stibnite (Blackburn and
Dennen, 1988). Of less commercial importance are the
senarmontite (Sb2O3 cubic) and valentinite (Sb2O3 rhombic),
kermesite (Sb2S2O) and stibiconite (H2Sb2O5). Antimony ores
and their concentrates are used as sources of antimony metal
and its salts. Antimony metal is used in the manufacture of
various alloys such as type metal (Pb,Sb,Sn), bearing metal
(Pb,Sb,Sn,Cu) and white metal  (Cu,Sb,Sn,Zn). Crude anti-
mony is used on the striking surface of safety match boxes
and in detonating caps for ammunition. It is also used in lead
storage batteries while its compounds are used in medicine,
as mordant in dying, as opacifier in vitreous enamels and
glazes, as refining agent in optical glasses, as flame retardant
in polymers like P.V.C, for vulcanizing and colouring rubber
and also as paint pigments (Johnstone and Johnstone, 1961).

Stibnite deposits are found at various places in Pakistan. How-
ever, economically important and sizeable reserves are found
at Krinj area of Chitral which contain significant amount of
antimony content (Ahmad and Siddiqi, 1993).  Although, the
ore containing 5-10% Sb content is considered feasible for
the recovery of metal but it is better to beneficiate such an ore
as it improves the production economics to a great extent.
Generally, low-grade ores are beneficiated into concentrates
containing 40-65% Sb before the production of chemicals and
extraction of metal (Wang et al., 2001). Depending upon the
nature of ores, various gravity and flotation techniques are
used on lean antimony ores. Gravity concentration technique
is mostly used for coarse-grained ores. While on the other

hand, fine-grained and disseminated ores require more grind-
ing for the liberation of minerals and can only be beneficiated
economically by froth flotation technique (Jain, 1986).

The undertaken beneficiation work is so important that
several researchers have been engaged in it under different
parameters.  Liu (1988) separated antimonite and boulangerite
by flotation from lead containing antimony ores. Lead was
leached from boulangerite with aqueous AlCl3 for its recovery
by crystallization. Peng et al. (1991) studied the beneficiation
of 81% oxidized antimony ore from Yunnan province, China
and obtained antimony sulphide concentrate by flotation and
antimony oxide concentrate by gravity separation with an
overall 74% recovery. Kursun et al. (1994) performed bulk and
selective flotation experiments for the beneficiation of Etibank
Halikoy antimonite ore and were able to produce an antimony
concentrate containing 61%Sb with 95% recovery, using Aero
3477 as collector and NaCN as depressant. While, Solozhenkin
et al. (1994) improved the grade and recovery of antimony ore
containing antimonite, senarmontite, hydromardite, kermesite,
stibiconite and other antimony containing minerals by using a
combined flotation agent, consisting of dialkyldithiocarbamate
and butyl xanthate. Later on, Wang and Lei (2000) treated low-
grade antimony ore (15-35%) by bath smelting continuous
fuming process, in a furnace using coal, limestone and iron
ore  and produced antimony oxide containing 76.4% Sb with
90% recovery. Wang et al. (2001) applied another method for
the separation of antimony from ore, involving smashing, mill-
ing, classifying, flotation and dewatering. They used lead
nitrate as activating agent, xanthate as collecting agent and
terpineol as frothing agent. Yin and Long (2003) attempted the
direct leaching of sodium antimonate from antimony ore,
using sodium sulphide and a mixture of sodium sulphide and
sodium hydroxide, followed by solid liquid separation, wash-
ing and drying. Zhang (2004) studied three different methods
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to recover antimony from the ore of Lu’erba Mine. Their
experimental results indicated that the process of flotation
and acid leaching was a better method. They first beneficiated
the ore by flotation and then recovered antimony from flota-
tion concentrate by acid leaching.

The objective of the present study was selection and devel-
opment of a suitable process for concentration of indigenous
antimony ore. For this purpose, the stibnite ore of Chitral,
NWFP, Pakistan, was beneficiated, on bench scale, to
produce antimony concentrate by froth flotation technique.
Following is the comprehensive account of the experimenta-
tion and the results in this regard.

Materials and Methods
The flow sheet developed for preparing antimony concen-
trate has been shown in Fig.1.

Sample preparation. A bulk sample of the ore, weighing about
10 tonnes was supplied by Sarhad Development Authority
(SDA). The bulk sample consisted of lumps of 100-250 mm in
size from which about 100 kg of the ore was collected by
random sampling. Some of the ore was kept for mineralogical
study while the remaining ore was comminuted by primary
crushing using laboratory jaw crusher set at 20-25 mm and
by secondary crushing using roll crusher set at 5-6 mm. A
representative sample for chemical analysis and further
processing was obtained by coning-quartering and riffling of
the crushed ore.

Chemical analysis. Representative sample was pulverized to
100% minus 200 mesh size (74 μm) and its chemical analysis
was performed by gravimetric and volumetric methods (Jeffery,
1989). Silica, alumina, lead and sulphur were determined gravi-
metrically, antimony by iodometric titration, iron by oxidation
reduction titration, calcium and magnesium by complexometric
titration, while sodium and potassium were estimated using
flame photometer (PFP7, Jenway Ltd., England). 

Mesh of liberation. The product of roll crusher was subjected
to sieve shaker (International Combustion, England) for size
analysis using different sieves. The fraction retained on each
sieve, was analyzed for the liberation of stibnite grains using
microscope particles counting method. The percentage
liberation at various size fractions was calculated by the
following relation (Atiq et al., 2005):

Stibnite liberation (%) = Free stibnite (%) ×100/ [Free
stibnite (%) + locked stibnite (%)]

Flotation tests. Flotation tests were carried out in a Denver
flotation machine (Model: D-12), using stainless steel cells of
1, 2 and 4 l capacity. The flotation parameters such as grain
size, pulp density, pH of the pulp, type of reagents, their con-
sumption and the conditioning time were optimized. The ore
was ground from 85% to 100% passing 100 mesh to study the
effect of grinding. Flotation feeds were prepared by dry grind-
ing of roll crusher product in rod mill (Denver, USA) and grind-
ing time was adjusted according to the required size of feed.
The effect of pulp density was studied by varying the solid to
liquid concentration from 20% to 35% and similarly the effect
of pH was studied by varying it with soda ash from 7.0 to 8.5.
Sodium silicate was added to depress the silicate gangue min-
erals and its quantity was varied from 100-400 g/ton. Impeller
speed was increased from 900-1200 rpm to study the effect of
aeration. Potassium amyl xanthate was used as anionic collec-
tor and its dosage was varied from 100-200 g/ton while,
polypropylene glycol was utilized as frother and its dosage
was varied from 30-60 g/ton. Lead acetate was employed to
activate stibnite and its amount was varied from 500-2000 g/
ton. Optimum conditions and metallurgical balance of the typi-
cal tests are recorded in Table 3 and 4 separately.

Results and Discussion
The results of the chemical analysis of the representative
sample are given in Table 1. The percentage of antimony in
head sample was found to be 19.05. The obtained grade is
sufficient to exploit the ore. However, the presence of silica
appeared to be the main impurity. It was decided, in this
perspective, to involve the flotation technique which has the
potential to reduce it effectively.

Fig. 1. Flow-sheet for the beneficiation of stibnite ore of
Chitral.
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Percentage liberation of various sizes of stibnite particles is
given in Table 2. As flotation technique is very selective and
the success of the froth flotation depends upon the nature
and size of mineral particles distributed in the ore, therefore,
ore is ground to such an extent that all of the mineral grains
are fairly liberated from the matrix. The average size of stibnite
grains in Krinj, Chitral ore was observed to be around 150 μm.
It is evident from the Table 2 that about 98 % mineral grains
(phases) are liberated around 100 mesh (150 μm). Therefore,
the ore under study was ground in rod mill to 100 mesh sieve
so that it may have a fair proportion of free valuable mineral
particles in subsequent flotation operation.

The results of flotation tests are presented in Table 3 and
Table 4. Our findings in this respect are in good agreement
with the above referred researchers. Beneficiation of the
antimony ore, on the bench scale, showed very encouraging
results, particularly with reference to the percentage
recovery. The flotation tests showed that this ore can be
easily enriched to a high-grade concentrate containing over
62% Sb by a very simple flotation operation. It is clear from the
results that the flotation operation proved to be successful in
reducing the silica content of the ore significantly. The produc-
tion of chemical and metallurgical grade antimony concen-
trate in two step flotation with 95% recovery of antimony from
an ore containing around 19% metal content is quite reason-
able. It is evident from the Table 4 that better grade antimony
concentrate was produced after cleaning stage of flotation.

Table 1. Chemical composition of ore

Constituents Percentage

SiO2 64.00
Pb 1.55
Sb 19.05
Al2O3 0.50
Fe2O3 4.5
CaO 1.40
Na2O 0.18
K2O 0.15
S 8.21

Table 2. Mesh of liberation of stibnite

Mesh No. Particle Size Liberation of
(BSS) of ore (μm) mineral (%)

60 250 75
70 212 80
85 180 92
100 150 98

Table 3. Antimony flotation parameters/conditions

Parameters           Conditions
Rougher Cleaner

Particle size 95%-100# 95%-100#
Impeller speed 1100 rpm 900 rpm
Pulp density (%solids) 30% 20%
pH of the pulp ~8.0 ~8.0
Gangue depressant 300 g/t 50 g/t
(sodium silicate)
Stibnite activator (lead acetate) 1500 g/t Nil
Collector (potassium 150 g/t Nil
amyl xanthate)
Frother (polypropylene glycol) 50 g/t Nil
Conditioning time 20 min 10 min

        Table 4. Metallurgical balance for antimony flotation

Product Weight Grade Recovery
(%) (%) Sb (%) Sb

Cleaner concentrate 29.12 62.02 95.05
Cleaner tailings 2.40 16.30 2.06
Rougher concentrate 31.52 58.54 97.11
Rougher tailings 68.48 0.82 2.89
Head sample 100 19.00 100

It is obvious from the chemical analysis of the final concen-
trate (Table 5) that the antimony content of the investigated
ore was raised from 19.05% to 62.02%.

The data generated regarding particle size versus grade and
recovery has been shown graphically in Fig.2. It is clear from
the Fig. that the grade and recovery of antimony was improved
by decreasing the particle size and maximum recovery was
obtained at feed size of 95% passing 100 mesh (150 μm). This,

Table 5.  Chemical analysis of final concentrate

Constituents Percentage

SiO2 2.15
Pb 2.68
Sb 62.02
Al2O3 0.12
Fe2O3 2.55
CaO 0.54
Na2O 0.06
K2O 0.02
S 27.88
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