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Abstract

The thermal behavior of mechanochemically activated sphalerite during aging was investigated by calorimetry. The results
indicate that mechanochemically activated sphalerite releases the stored energy which may origin from a series of complex
transformations. The amount of energy released increases with the grinding time but remains almost constant after grinding
for 1 h. It is independent of the grinding atmosphere and is related to the ball-mill medium. The XRD results illustrate a
difference of the microstructure between activated and non-activated sphalerite. The microstructure of the activated sphalerite
remains the same when it is heated in a calorimeter for the measurement of the heat released. The particle size analyses show
that the particle size of the activated sphalerite increases when it is heated in the calorimeter. Therefore, it can be concluded
that the released energy is probably caused by the decrease of the specific surface energy.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The mechanical action on solid substances gener-
ates a series of complex transformations, breaking the
order of the crystalline structure, producing cracks
and new surfaces, therefore, changing its physical
and chemical properties, such as increasing the spe-
cific surface energy and elastic strain energy[1,7,8].
Sometimes the changes can be utilized to increase
surface reactivity, decrease reaction time and pro-
cessing temperature, increase the rate of the leaching
reaction, etc.[2]. Extraction of non-ferrous metals
from sulfidic ores is economically important tasks.
But, because of the drastic reaction conditions which
is technically difficult, the mechanical activation is
used widely in hydrometallurgy.
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The most commonly used methods to study me-
chanical activation are IR and XRD techniques which
normally allow the identification of the products
[3–6]. Evidence of modification of surfaces through
mechanochemical treatment can be provided by these
method. Other techniques like HREM, EXFAM, XPS
and X-ray cyclotron resonance, etc., have been used
to study the chemical change of new surfaces of the
milled products [2,10–12]. The differences of the
energy releasing behaviors between non-activated
and mechanochemically activated sulfide ores were
seldom studied by calorimetry.

Sphalerite, as an important part of sulfidic ores,
belongs to the group of substances exhibiting great
sensitivity to mechanical stress[1]. Since the reac-
tivity of the mechanochemically activated sphale-
rites has relations with its storage energy, the main
purpose of our recent work was to research into
the energy releasing behaviors of non-activated and
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mechanochemically activated sphalerites by calorime-
try experiments.

2. Experimental

2.1. Sample preparation

Natural pure hand-sorted sphalerite ore was pur-
chased from a domestic mine, and its chemical com-
positions are summarized inTable 1. It was found by
X-ray diffraction analysis that the natural sphalerite
contained cubic sphalerite as a predominant compo-
nent. The non-activated sphalerite was prepared by
crushing the natural sphalerite in a jaw crusher to a
particle size of≤1 mm, then stored for more than six
months. The samples of the activate sphalerite were
prepared as follows: the non-activated sphalerite (10 g)
was poured into a stainless vessel with six balls of
18 mm in diameter and 12 balls of 8 mm in diameter
and the balls were made of steel or agate. The vessel
was encapsulated directly; or kept in higher vacuum,
followed by bubbling high pure nitrogen into this ves-
sel through an inlet of this vessel for half an hour, and
then mechanochemically activated in a planetary mill
(QM-ISP Planetary mill, PR China) under a rotation
rate of 200 rpm, a powder:ball mass ratio of 1:25, and
time of activationt = 10, 20, 40 and 120 min to get
mechanochemically activated sphalerite.

2.2. Principle of measurement

The calorimetric measurement was performed in
a HT-1000 heat conduction calorimeter (SETARAM,
France). The detailed description of the calorimeter
was given in our earlier publications[9]. The sensitiv-

Table 1
The chemical analyses of the natural sphalerite

Elements Content (wt.%)

Zn 61.39
S 32.11
Fe 2.38
Pb 1.92
Cd 0.28
Sb 0.05
Bi 0.01
In 0.03

ity of the calorimeter was calibrated by an electrical
method.

The calorimeter’s temperature was maintained
at 323.35 K throughout the experiment. After the
baseline of the calorimeter reached a stable state, an
aluminum crucible containing sphalerite sample at a
constant temperature of 289.75 K was dropped quickly
into the isothermal zone of the calorimeter cell. The
heat flow data were recorded by a datum acquisi-
tion computer until the system reached the thermal
steady state. Then the absorbed heat for 1 g sphalerite
absorbed was obtained by datum treatment. The ab-
sorbed heat of the mechanochemically activated spha-
lerite during measurement consists of two parts. The
first part is the absorbed heat when the temperature
of the non-activated sphalerite increases from 289.75
to 323.35 K. The second part is the heat released for
the activated sphalerite. Therefore, the storage energy
of the activated sphalerite can be given as:

E = E1 − E2

whereE is the storage energy of mechanochemically
activated sphalerite caused by mechanically action;
E1 the absorbed energy of 1-g non-activated sphalerite
from 289.75 to 323.35 K.E1 = 1.436 J g−1 (average
value of four test results).E2 is the absorbed energy
of 1 g mechanochemically activated sphalerite from
289.75 to 323.35 K.

2.3. Surface structural characteristics

The structural disorder of mechanochemically ac-
tivated sphalerite was characterized by X-ray diffrac-
tion analysis on a diffractometer (Rigaku, Japan) using
Cu K� radiation (λ= 1.54 Å; voltage, 40 kV; current,
20 mA) with time constant, 0.5 s; limit of measure-
ment, 10 impulses s−1; step size, 0.03; and collection
time, 3 s step−1 (no internal standard).

The average particle size was measured using Mas-
tersizer 2000 Laser Diffraction Particle Size Analyzer
(Malvern, GB), and distilled water was used as a dis-
persing agent.

3. Results and discussions

The effect of the grinding time on energy released
for the activated sphalerite was investigated. The
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Fig. 1. Energy release of sphalerites after grinding for different times.

results, which is shown inFig. 1, indicate that the
energy release increases with the grinding time of the
mechanochemically activated sphalerite and remains
almost constant after grinding for 1 h.

Sphalerite is a non-conductive solid and superficial
oxidation reactions will be strongly limited in the ab-
sence of surface activation[13].The difference of the
energy released for the sphalerite mechanically acti-

Fig. 2. Energy release of sphalerites under different grinding media.

vated in oxidative atmosphere (such as air) or inert
atmosphere (such as N2) is shown inTable 2. The re-
sults indicate that the grinding atmosphere does not
affect, obviously, the energy released for the activated
sphalerite.

The energy released for the mechanochemically
activated sphalerite under different grinding media is
shown inFig. 2. It indicates that the energy released
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Fig. 3. The XRD patterns of the non-activated and activated sphalerites: (1) grinding for 2 h before energy release; (2) grinding for 2 h after energy release; and (3) the
non-activated sphalerite.
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Fig. 4. Particle size analysis of the mechanochemically activated sphalerite (grinding time: 2 h).

for the mechanochemically activated sphalerite using
agate ball is, obviously, less than that of the mechano-
chemically activated sphalerite using steel ball.

The XRD results inFig. 3 show that the decrease
in intensity and broadening of the diffraction line of
mechanical activated sphalerite illustrate a decrease
in crystallite size with the mechanochemical treat-
ment, but the XRD pattern remains the same after the
mechanochemically activated sphalerite is heated in
a calorimeter for the measurement of the energy re-
leased. The particle size analyses, inFig. 4, show that
the mean particle size of the activated sphalerite in-
creases from 2.09 to 3.13�m when it is heated in a

Table 2
The energy release for the sphalerite activated under different
atmospheric conditions

Activation
time (min)

E (J g−1; grinding
in air)

E (J g−1; grinding
in N2)

10 0.449 0.454
20 0.705 0.732
40 1.106 1.163
60 1.435 1.424

120 1.424 1.433

calorimeter. Therefore, it can be concluded that the en-
ergy released comes from the decrease of the specific
surface energy.

4. Conclusions

1. The energy of the mechanochemically activated
sphalerite released increases with the grinding
time.

2. The grinding atmosphere does not effect, obvi-
ously, the energy release from the activated spha-
lerite.

3. The energy released comes from the decrease in
the specific surface energy.
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