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Abstract
The image analysis coupled with Energy Dispersive Spectrometry

(EDS) analysis on a Scanning Electron Microscope (SEM) was applied to the
charecterization of a Zn and Pb ore as an efficient tool for minera
quantification and for the assessment of the degree of minera liberation.

Screened size fractions of mineral particles were mounted on polished
thin sections and, later on, analyzed by a SEM coupled with an EDS Thisis
important for the discrimination of different mineral phases, particularly when
two mineras have similar average atomic numbers, such as willemite and
pyrite. Two images per field were collected - backscattered electrons image
and a multi-element X-ray dot mapping images. The results were utilized for
quantification and liberation analysis of two valuable mineras in the ore -
sphalerite and galena.
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I ntroduction

Mineral quantification and liberation degree (intergrowth) evaluations are a
routine and a maor issue on ore characterization for mineral processing. Liberation
analysisis an essential data for mineral processing that shows the relative amount of
individualized grains that derives from the valuable mineral phase (“free particles’)
available for physical concentration. These analyses can be performed manually by
optical microscopy (OM) or scanning electron microscopy (SEM) in a very tiresome
and exhaustive routine. Image analysis coupled with an OM or a SEM can perform
these analyses resulting in more reliable and rapid outcomes (1, 2, 3).

Since phase differentiation by OM coupled to an image anaysis is not a usual
and easy task, a digital SEM image is frequently used to solve more complex
mineraogical associations. Special care must be taken regarding sample preparation
and beam control (2,3). Atomic number contrast from backscattered electrons (BSE)
signal are primarily used for phase discrimination; however, when phases with a very
similar average atomic number are present, X-ray information is the only possible tool
that could be used to differentiate them.

This wok presents an off-line image anaysis routine applied to the
characterization of a partially weathered Zn-Pb ore. Six maor minera phases are
presented and must be quantified as well as the liberation anaysis, which must be
performed in two valuable mineral phases - sphalerite, ZnS, and galena, PbS. The BSE
image shows clearly six distinguishable gray levels, however one of them isrelated to
two mineral phases with close atomic numbers - pyrite, FeS, and willemite, Zn,SO, -
that could not be discriminated. These two particular phases could only be properly
segmented by coupling additional information related to their chemical composition
using Xray data. Multi-element Xray dot-mapping images acquired by an energy
dispersive spectrometry (EDS) were considered for this purpose.

Materialsand M ethods
The study samples consisted of minera particles from four closely screened

fraction sizes mounted on polished thin sections. Special care was taken regarding the
sample preparation to avoid the physica touch of particles as well as regarding the
polishing surface quality.

BSE and X-ray dot images were obtained by a $S440, Leo, coupled with an Isis-
300 EDS System, Oxford. X-ray dot-mapping images for up to 7 different elements
were acquired by $440; each selected dement was represented by a binary plane and
by a specific gray level vaue. Both images, presenting 1024 by 768 pixels resolution,
were processed off-line by Quantimet Qwin-Pro software, Leica, an image analysis
system which operates under the same SEM PChardware.

In order to determine all the mineral phases, qualitative mineralogical work
was first performed coupling X-ray diffraction data with a detailed SEM-EDS
observation. Fig. 1 shows the BSE image of the particulate material of the size fraction
between 20 and 37um. The magor minera phases are congtituted essentialy by
sphalerite, galena, pyrite, willemite, quartz and dolomite; barite, apatite and ilmenite
occur as trace minerals  (<1%) and were not discriminated by image analysis (others).
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Fig. 1 - Particulate material of asize fraction mounted in
athin-polished section presenting the magjor mineral phases.

The second step comprised the acquisition of BSE and Xray dot-mapping
images. Since the acquisition time for the dot images were relatively high, off-line
image processing was chosen to assure a better SEM electron beam stability during the
total acquisition period, which corresponds to amost 200 minutes for 30 fields per
sample. Incident probe current, brightness and contrast levels were set to allow the
acquisition of BSE and X-ray images with a good quality for further processing.

Because particle density per field is one of the major factors that directly affect
the total processing time, an ideal compromise is required to optimize the acquisition
time. The SEM magnification was adjusted for an average of 40 to 50 particles per
field, a stuation in which some particles may touch other particles. For this reason, the
first step in image processing is to individualize these touching particles.

A relatively complex subroutine (2), summarized in the Fig. 2, was applied to
discriminate the touching particles. Firstly, the detected image (Fig. 28) was eroded
(Fig. 2b), and then skeleton and prune operations were applied in order to separate the
particles so they would not touch each other. Finaly applying outline followed by
close and open operations to the particles resulted in the dark lines of potentia
touching areas (Fig. 2d). These lines were subtracted from detected image (Fig. 2a) by
logical operation, resulting in the final binary image of particles to be measured.
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Fig. 2 — Separ

ation of touching particles.
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An image analysis routine was developed in order to discriminate the minera
phases and, later a, to perform moda and minera liberation analysis. Detection,
identification and segmentation of the phases are the most complex issues, and the
routine should process a gray scale image plus external inputs as the X-ray dot image.

Gray level threshold from the BSE image alowed discriminating up to 6 binary
planes - galene, sphaerite, “ pyrite+twillemite’, hematite, quartz and dolomite (Fig. 3).
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Fig. 3 — Superimposed binary images of the detected phases after processing
the BSE image. Pyrite and willemite, due to their close atomic humbers and
complex intergrowths, were included in the same binary plane, as shown in

Fig. 4.
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binary image - pyrite and willemite
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Fig. 4. Binar;? plane image of pyrite plus willemite

The acquired multi-element X-ray dot-mapping image was then submitted to a
gray level threshold that was intended to discriminate the sulfur and zinc individual X-
ray binary images as shown in the Fig. 5.

Fig.5: Su ur and zmc X-ray dOt-maopi ng binary images
after processing the multi-element X-ray dot image

Logica operations with the “pyritetwillemite” binary image as a mask (Fig. 4)
and X-ray dot images from S and Zn, Fig. 5, resulted in two others images representing
S from pyrite and Zn from willemite, as showed in Fig. 6.

Pyrila Willemite

Fig. 6: SquIL'Jr"from pyfite and. zinc from willemite after
logical operations between “ pyrite+willemite” binary image
and X-ray dot images from Sand Zn
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Further closing and logical operations alowed the segmentation between these
two phases, as observed in Fig. 7.
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Fig. 7: Results of the final segmentation between pyrite and
willemite after processing the gray level and X-ray dot-
mapping images

At the end of the segmentation procedure each mineral phase was represented
by a binary image plane. Modal or quantitative phase analysis could be then performed
considering the area fraction measurements for the different binary planes (minera
phase). The results of al the 30 fields were accumulated in a file and, later on,
normalized to 100% regarding the volume percentage. The weight percentages were
attained considering the mineral densities and their volume fractions.

Liberation analyses of sphalerite and galena were performed by the liberation
spectra technique. Feature measurements and a coincident parameter subroutine
alowed the determination of the total area and the area fraction for each particle
containing the valuable minerals. The particles containing sphaerite or galena were
each subsequently and individually classified according to its area fraction and the
results were expressed as cumulative curves compared to the amount of the valuable
minera phase (liberation spectra or potential recovery curves).

This procedure is not only the most suitable for the establishment of flexible
criteria of free particles, but aso gives important information regarding the distribution
of locked particles. Stereologica corrections for the liberation data from 2D to 3D
were not applied to the attained results.

Results
The methodology above was applied to four closely screened size fractions.
All the mgjor mineral phases could be distinguished and quantified as the example
exposed in Fig. 8 and by the results presented in Table 1.
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Fig. 8: Segmented minera phases after image analysis
processing

Table 1: Modal analysis results (weight percentage)

Mineral Size fraction
Phase +44um  -44 +37um -37 -20 +10um
+20um
sphalerite 4.3 4.3 3.8 34
galena 11 12 1.8 2.7
pyrite 2.2 3.2 3.3 35
willemite 2.6 2.3 25 1.7
hematite 9.1 8.6 8.5 9.2
dolomite  76.7 77 77 77
quartz 4.0 3.6 3.3 2.6
others <1.0 <1.0 <1.0 <1.0

Sphalerite, the major Zn bearing mineral, represents 3.8% in weigh and carries
about 60% of the total zinc of the sample. EDS analysis showed minor contents of Fe
and Cd associated with sphalerite, with an average grade of 0.6% in weigh for both
dements. The average grain size of the sphaerite was between 10 and 20um.
Willemite, 2.1% in weight, is an autigenic Zn bearing minera related to the weathering
process that carries amost 30% of the zinc content in the sample.

Gaena, 1.8% in weight, is the only Pb bearing mineral. Two distinct
generations could be identified; the first and coarsest one presents an average grain
size of 30 to 40um. The other one, with grain sizes below 10um, is usualy intergrown
with sphalerite, willemite but seldom with dolomite.

Dolomite (and Zn-dolomite) is by far the mgor mineral in the sample,
congtituting 76% of the total in weight. Detalled SEM study showed that dolomite is
partidly recrystallized with incorporation of variable amounts of Zn and Fe. EDS
analyses showed ZnO ranging from 0.4% up to more than 10%, with an average grade
of 4.9% of ZnO, which means that 10% of the total Zn of the sample is related to
dolomite.
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Minerd liberation spectra, demonstrated by both sphalerite and galena, are
observed by Figs. 9 and 10, respectively.
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Fig. 9: Liberation spectra curves for sphalerite
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Fig. 10: Liberation spectra curves for galena

To achieve relatively high grades and recoveries in mineral processing the
valuable mineral must be individualized to amost monomineral particles by grinding
operations prior to the physical concentration process. The vauable mineral content is
directly related to the concentrate specifications, but, on average, it is acceptable for a
90% fraction of the valuable mineral to consider a particle as “freg’.

For the studied sample reasonable minera liberation is attained only below
20um, which means that this type of ore must be ground in much a finer way than
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usua (<44um). Potentia recoveries of 85-90% for galena and 75-85% for sphalerite or
45-51% for Zn can be expected.

Discussion

An image analysis routine coupling BSE and X-ray dot-mapping images
produced a proper minera discrimination for quantitative phase and mineral liberation
degree analysis. The data acquired for closely screened fractions sizes were extremely
helpful for understanding the ore behavior and the optimization of the mineral dressing
process. The study samples represented three Zn bearing mineras; sphaerite, the
valuable Zn minera, carries only 60% of the tota Zn sample content. Liberation
analysis showed that ore must be ground much finer than usua, minus 20um, to assure
the required concentrate grades with reasonable mineral recoveries.
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