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Abstract: A detailed mineralogical characterization of a tin-polymetallic ore from Mengzi, Yunnan Province, China, was undertaken
by automated electron microprobe-based mineral mapping and quantitative analysis methods. The results show that the most valuable
metal is Sn (0.98%, mass fraction). The main tin minerals are cassiterite and stannite, which account for 94.90% of total tin. Other
metals, such as Cu (0.261%), Zn (0.612%) and Pb (0.296%) can also be seen as valuable metal to be recovered. Minerals such as
pyrrhotite, pyrite, arsenopyrite, sphalerite, galena and chalcopyrite are disseminated in the ore. Quartz, sericite and dolomite are the
main gangue. The optimal grinding fineness should be chosen as 0.037 mm to make sure that most of the tin minerals can be

liberated from other minerals.
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1 Introduction

Tin is one of the earliest known metals in the
history of world metallurgy [1]. With the development of
history, tin becomes more and more important in human
production and life [2]. China is an important tin
productive country with most tin deposits being
concentrated in south and southwest. The total tin
reserves in Yunnan Province of China account for 28%
of countrywide tin reserves. Previous mineralogical
investigations showed that most of the tin occurs as
cassiterite, while a fraction of tin occurs as stannite,
kesterite, mawsonite, and other tin sulphides [3]. These
tin sulphides have the similar behaviour to pyrite during
the various stages of mineral processing [4]. Flotation is
a cost-effective mineral processing method and is widely
used to beneficiate sulphide minerals. Other methods,
such as gravity concentration and magnetic separation
[5], are also used to separate cassiterite from associated
gangue minerals. However, recovery and concentrate
grade by these methods are far from satisfaction [6]. Due
to the reducing of high-grade ore in the world and
increasing loss of mineral values during processing, it
has become imperative to develop efficient and

cost-effective processing routes to recover valuable
minerals from ore [5,7,8]. However, it is not quite
straightforward to process the ore, mainly because
cassiterite as the main mineral of tin is fragile, and is
easily overgound [9—11]. Fine cassiterite is difficult to
recover by the methods mentioned above [12]. Other
difficulties associated with this type of ore are linked to
fine grain size, occurrence of minerals, and distribution
in ore. Many earlier attempts have been made to develop
techniques for concentration of fine cassiterite was
limited to laboratory tests, which were lack of pilot plant
study. Hence, the techniques met with very little
commercial success. The problem lies in assuming the
effectiveness of a technique irrespective of quality of the
ore and lack of pilot plant study [13]. In other words, the
characterization of the ore was not systematically
investigated prior to processing of the ore. On this point,
the present work involves sufficient characterization of
the ore, which is essential for process selection through
laboratory and pilot plant tests.

2 Experimental

In this work, a kind of ore from Mengzi, Yunnan
Province, China, was investigated by chemical and
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mineralogical means. The ore was obtained from several
deposits along the eastern margin of the basin on Bainiu
Mountain. All of the samples represent composite
prepared from ores collected during drill-core sampling
programs. All the samples were examined by powder
X-ray diffraction (XRD). Mineralogy was determined by
collecting a series of maps showing the distribution of
the elements. X-ray fluorescence (XRF) analyses of the
bulk samples indicated the contents of different elements,
and these elements were considered the minimum
number required to delineate the major phases previously
indicated by XRD analyses. Electron energy disperses
spectroscopy and scanning electron microscopy (Hitachi
S—4000 equipped with the Kevex EDXA microanalysis
system) were used for the mineral paragenesis and size
distribution study [14,15]. It also allows us to identify
areas of interest in the polished sections for further
investigation. The mineral compositions  were
determined by EPMA analysis (CAMECA SX 50,
France) [9].

3 Results and discussion

3.1 Chemical component of ore

Table 1 shows the result of multi-element analysis
of the sample by X-ray fluorescence spectroscopy. The
result indicates that the most valuable metal in the ore is
Sn, while Cu, Zn and S can be used as the object of
comprehensive utilization. Table 2 shows the result of
chemical phase analysis of tin in the ore. It demonstrates
that cassiterite and stannite are the main forms of tin
mineral. The distribution rates of the two forms are
74.49% and 20.41% respectively. Tin in these two
minerals accounts for 94.90%, which is the maximum
theoretical recovery of tin.

Table 1 Element analysis of sample by X-ray fluorescence
spectroscopy (mass fraction, %)
Sn Cu Pb Zn Bi Rb Zr

098 0261 0296 0.612 0.016 0.012 0.006
Fe Cr Si Ti Al Ca Mg
29.730 0.008 10.532 0.128 4.180 1.197 2.501
Mn Na K P As S
0.078 0.077 1.539 0.049 0.754 15.643

Table 2 Chemical phase analysis of tin in ore

Table 3 Main mineral content in ore (mass fraction, %)

Cassiterite Stannite Sphalerite  Chalcopyrite
0.8 0.5 1 0.7
Galena Pyrrhotite Pyrite Arsenopyrite
0.4 48.4 9.3 2.8
Quartz Sericite  Carbonate Apatite  Other Minerals
10.7 14.8 7.6 2 1

Phase Mass fraction/%  Distribution rate/%
Cassiterite 0.73 74.49
Stannite 0.20 20.41
Varlamoffite 0.012 1.22
Silicate 0.038 3.88
Total 0.98 100.00

3.2 Mineral composition and content of ore

The fresh surface of the ores is gray black. The ores
have wveinlet and veinlet-disseminated structures.
Because of high content of metal sulfides, the ores are
compact and lumpy. Figure 1 shows the XRD pattern of
raw ore. Table 3 shows the content of main minerals in
the ores. Based on the analyses of XRD and SEM,
cassiterite and stannite are the main forms of tin mineral
while the content order of metal sulfides is pyrrhotite >
pyrite > arsenopyrite > sphalerite > galena > chalcopyrite.
There is also bismuthinite distributed sporadically in the
ore. Gangue minerals are mainly quartz and sericite, with
minor dolomite, ankerite, siderite, and chlorite.

y v — Pyrrhotite
*— Pyrite
4 — Quartz
= — Sericite

*— Dolomite

26/(°)

Fig. 1 XRD pattern of raw ore

3.3 Occurrence of main metallic minerals
3.3.1 Cassiterite

Figure 2 shows the SEM images of cassiterite
combined with pyrrhotite. Cassiterite is the main mineral
from which tin can be recovered. The mineral is
unevenly distributed. It is relatively enriched in some
part of the ores, and the volume content can reach 40%
in a maximum. The cassiterite is euhedral column
granular, light yellow or reddish brown in the transmitted
light. Apart from individual crystal size up to 0.4 mm,
most crystal size is smaller than 0.2 mm and some can
even be smaller than 0.02 mm. Overall, most cassiterite
in the ore shows disseminated output. According to the
different patterns of embedding, it can be further divided
into two patterns as the disseminated pattern and coated



XU Yang-bao, et al/Trans. Nonferrous Met. Soc. China 22(2012) 725-730 727

Fig. 2 SEM images of cassiterite combined with pyrrhotite: (a) Back-scattered electron image; (b) Sn element mapping; (c) Fe

element mapping; (d) S element mapping (Ph—Pyrrhotite; G—Gangue)

pattern. Cassiterite in disseminated pattern often fills
along pyrite grain, while some distributes along the edge
of sphalerite, pyrite or other metal sulfides, with little
gangue minerals. Wraparound cassiterite which mainly
distributes in the inner of pyrrhotite is not very close to
the other metal sulfides, and it has the character like
honeycomb of part enrichment. In these two embedded
patterns of cassiterite, disseminated cassiterite can be
found in a small number of ore blocks, while wraparound
one distributes widely [3]. The ratio of mineral content is
statistically about 40:60. Obviously, to recycle cassiterite
from ore, the key point is to choose a proper grinding
process to separate it from pyrrhotite completely. Figure
3 shows the result analyzed by EDS. It indicates that the
chemical composition of cassiterite is stable and the
impurity is mainly iron. There are 95.40% SnO, and
4.22% FeO on average.

Sn
Sn
0
Fe i MiE s
0 2 4 6 8 10 12 14
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Fig. 3 EDS analysis of cassiterite in ore

3.3.2 Stannite

Figure 4 shows the image of irregular stannite
disseminated in pyrrhotite in reflected light. By
comparing with the cassiterite, there is fewer stannite in
the ore, but it distributes more widely. In reflected light,
it is grey or light green. Meanwhile, the double reflection
and heterogeneity are distinct. Most of the stannite is in
microgranular as the crystal size is usually smaller than
0.02 mm. The output form of stannite is similar to that of
cassiterite. However, it has a higher degree of dispersion,
and the particle size is relatively small. The intergrowth
relationship with embedded mineral is complicated as it
mainly presents as irregular serrated form. According to
the difference of embedded mineral and dissemination
distribution, it can be predicted that the degree of
stannite liberation is lower than that of cassiterite under
the same condition. Figure 5 shows the result by EDS.

Fig. 4 Image of irregular stannite disseminated in pyrrhotite in
reflected light: St—Stannite; Ph—Pyrrhotite; G—Gangue
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The result reveals that the chemical composition of
stannite is stable. The contents of Cu, Fe and S are
27.90%, 12.46% and 32.3%, respectively. The average
content of Sn is 28.13% in stannite, very similar to the
theoretical value of Sn content in stannite.

Cu Sn

Sn Fe Cu

0 2 4 6 8 10 12
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Fig. 5 EDS analysis of stannite in ore

3.3.3 Chalcopyrite

The distribution of chalcopyrite in the ore is not
uniform as shown in Fig. 6. Chalcopyrite presents along
voids or cranny with an irregular form. Some is scattered
in the granular form with different sizes within massive
pyrrhotite. Less can be seen as the fine veined aggregate
by mixing with pyrrhotite filling along the crack of
gangue. The relationship of chalcopyrite with galena and
sphalerite is not very close. The particle size distribution
is uneven. The diameter of coarse ones may be larger
than 0.5 mm while the diameter of tiny ones is merely
0.02 mm. The common size is between 0.04 mm to 0.3
mm.
3.3.4 Galena

Galena is white in reflected light in this ore, as
shown in Fig. 7. Apart from some tiny inclusion
embedded in the pyrrhotite aggregate, most of the galena
shows irregular granularity structure, or fine veined
filling in the intergranule space, voids or crack of
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Fig. 6 Image of irregular chalcopyrite in reflected light: Ch—

Chalcopyrite; Ph—Pyrrhotite; Ar—Arsenopyrite

Fig. 7 Image of irregular galena in reflected light: Ph—
Pyrrhotite; Ga—Galena; G—Gangue

cataclastic pyrite and sphalerite. The particle size range
is wide. Some coarse ones may be about 0.8 mm while
the common size is smaller than 0.2 mm.
3.3.5 Sphalerite

Sphalerite is more widely distributed than
chalcopyrite or galena in the ore, but it only exists in part
of ore blocks. The isotropic body of sphalerite is
caesious in reflected light, while it is bronze in
transmission light. It indicates that there is higher content
of ferrum in sphalerite. Figure 8 shows the image of
irregular spalerite in reflected light. According to the
particle size, sphalerite can be divided into two forms as
fine size and microgranular size. The former is the main
target mineral in zinc comprehensive recovery and
enrichment. It exists in an irregular aggregate in the
gangue or is embedded in pyrrhotite, pyrite and other
metal sulfides. The particle size range is wide. Some
coarse ones may be about 1.5 mm, while the common
size is 0.05-0.5 mm. Microgranular sphalerite occurs
less frequently, which accounts for about 5% of the total
sphalerite. It is highly euhedral and mostly disseminates
along the edge of pyrrhotite in the form of single crystals.
Particles are commonly tiny, in the range of 0.02—0.05
mm. It is obvious that microgranular sphalerite is hard to
liberate in milling process.

spalerite; G—gangue
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3.4 Particle size of tin minerals disseminated in ore

The composition and particle size distribution of
valuable mineral play an essential role in determining the
grinding fineness and the methods of mineral processing.
Figure 9 shows the size distribution of tin mineral
(cassiterite and stannite). It indicates that cassiterite and
stannite in the ore are fine-grained. Compared with
cassiterite, the size of stannite is finer. 76.77% of
cassiterite is over 0.074 mm while only 62.46% of
stannite is over 0.074 mm.
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Fig. 9 Size distribution of cassiterite and stannite

In order to increase liberation, particles need to be
broken as fine as possible. However, with decreasing
particle size, energy costs substantially increase, and it
becomes more difficult to separate fine particles.
According to the analysis of size distribution [12], the
optimal grinding fineness is chosen to be 0.037 mm to
make sure that 90% of cassiterite and stannite can be
liberated from other minerals.

4 Conclusions

1) The most valuable metal in the ore is Sn, while
Cu, Zn and S can be used to synthetically recover.
Cassiterite and stannite are the main forms of tin mineral
existing in the ore. The distribution rates of the two
forms are 74.49% and 20.41%, respectively. Tin in these
two minerals accounts for 94.90%, which is the
maximum theoretical recovery of tin.

2) The order of metal sulfides content is pyrrhotite>
pyrite > arsenopyrite > sphalerite > galena > chalcopyrite.
The ores have veinlet and veinlet- disseminated
structures. Cassiterite and stannite in the ore are
fine-grained dissemination.

3) In order to separate the tin mineral well from
gangue, the optimal grinding fineness is chosen to be
0.037 mm.
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