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Foreword

Spontaneous combustion of sulfide minerals is one of the most serious disasters in the
mining of metal and chemical mines. Once a fire is initiated in stored sulfide ores or
concentrates, the disaster will lead to a series of environmental and safety problems,
and losing large quantities of mineral resources. When sulfide ore deposit exploited
and exposed to air for a period of time, sulfide minerals will begin chemisorbing oxy-
gen and oxidizing, releasing lots of heat. If the rate of heat generation in sulfide min-
eral stockpiles exceeds that of heat removal from the boundaries, the heat accumu-
lates and their temperature rises gradually, and the oxidizing reaction will accelerate,
up to the auto-ignition point. With the mineral resources becoming poorer over the
world, the mining depth will be increased. The high environmental temperature in
deep mines will aggravate spontaneous combustion of sulfide ores. Therefore, predic-
ting and forecasting spontaneous combustion of sulfide minerals are the prerequisits for
new mines to avoid blind design, save investment, keep safe mining, and reduce
resource loss.

By referring to and analyzing many former research fruits about spontaneous com-
bustion hazard in mines, a lot of study work has been made by combining theoretical
analysis with practical application, aiming at the oxidation behavior of sulfide ores
under ambient environment, the mechanism of spontaneous combustion, the test
method and standard for evaluating spontaneous combustion tendency of sulfide miner-
als, mathematical models and simulations, non-contact measuring of temperature in
metal mines. The main study contents and conclusions of the book are as follows:

(1) Based on several famous databases over the world, about 300 papers toward
spontaneous combustion in mines were consulted and analyzed. The current mecha-
nisms on spontaneous combustion of sulfide minerals were discussed systematically,
including the physical oxygen adsorption theory, chemical thermodynamics mecha-
nism, electrochemistry mechanism, and bio-oxidation theory. Also, the test methods
for spontaneous combustion tendency appraisal of sulfide minerals were set forth, in-

cluding oxygen-adsorption velocity test, traditional crossing-point temperature test,
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adiabatic oxidation test, comprehensive test, new wire-mesh basket method, tem-
perature programmed oxidation method, etc. ; these methods were classified by their
intrinsic characteristics.

(2) Several representative sulfide ore samples were obtained from typical metal
mines. The oxidation process of each sample at ambient temperature was simulated -in
the laboratory. The colors, agglomeration properties, microstructures, chemical
compositions, and mineralogical analysis of each sample before and after the oxida-
tion were compared by scanning electron microscope (SEM), Energy Dispersive
Spectrometry ( EDAX), X-ray diffraction analysis (XRD), and Fourier Transform
Infrared Spectroscopy ( FTIR) . The weight increment rate of each sample and the
contents of water soluble iron and sulfate ions at different time were also
measured. Furthermore, the main factors affecting the oxidation of sulfide ores were i-
dentified, including the crystal structure, chemical compositions, trace metal con-
tent, environmental temperature, oxygen concentration, air moisture, particle size,
environmental pH value, ferric iron ion, bacteria, geological conditions, etc.

(3) A new theory of mechanical activation for explaining spontaneous combustion
of sulfide minerals was put forward, in which the chemical reaction activation of sul-
fide ores was considered to be heightened by all kinds of mechanical forces during the
mining. The apparent appearances, microstructures, particle sizes, specific surface
areas, and heat behaviors of activated samples were characterized by advanced appa-
ratuses. It is found that sulfide ores after mechanical activation show many evident
changes with decreased particle sizes, increased specific surface areas, agglomera-
tion phenomenon, defect and deformation of lattice structure, and lower tempera-
tures for the initial heat release and self-ignition points. At ambient environment, the
activated samples are more susceptible to being oxidized.

(4) The oxidation kinetics test method for spontaneous combustion tendency of
sulfide minerals was advanced. Based on the new wire-mesh basket crossing-point
temperature ( CPT) method, an experimental system was assembled to gain oxidation
and self-heating properties of three different sulfide minerals, and corresponding oxi-
dation kinetics parameters were calculated. The combination of thermogravimetry
(TG) with differential scanning calorimeter (DSC) was applied to test sulfide ores,
and the TG-DTG-DSC curves for each sample at different heating rates were

gained. By the peak temperatures on DTG curves, the whole reaction process of each
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sample was divided into different stages, and the corresponding apparent activation
energies were calculated using the Ozawa-Flynn-Wall method. Furthermore, activa-
tion energy value was considered to be used as the index for evaluating spontaneous
combustion tendency. A new appraisal system for assessing spontaneous combustion
tendency of sulfide minerals was built, and the concrete test procedure was also regu-
lated.

(5) Sulfide ore stockpile in stope was seen as porous media, and the mathemati-
cal models for describing the dynamic process of spontaneous combustion of sulfide
minerals were deduced by the theories of heat and mass transfer theory, Darcy Law,
conservation of mass and energy laws, etc. Also, the mathematical formulas for cal-
culating spontaneous combustion period of sulfide minerals were improved. The con-
cept of critical accumulative thickness for spontaneous combustion of sulfide concen-
trates in storage was put forward; the corresponding critical values for each sample
under different environmental temperatures were gained by Frank-Kamenetskii model
of spontaneous combustion. Furthermore, considering the main factors that influence
spontaneous combustion of sulfide ores in stope, the uncertainty measurement theory
was applied to evaluate the spontaneous combustion hazard, which can solve the un-
certainty problems in spontaneous combustion assessment of sulfide ores and can ana-
lyze the problems quantitatively.

(6) The combination of experimental test and theoretical analysis was used to ob-
tain several important parameters in the mathematical models of spontaneous combus-
tion, including the heat release intensity, heat conductivity coefficient, oxygen con-
sumption rate, porosity of ore piles, osmosis coefficient, etc. Combining with the lo-
cale boundary and initial conditions in stope, FLUENT and ANSYS softwares were
applied to simulate the air flow field, SO, and O, concentration fields, and dynamic
temperature fields of typical metal mines that had serious spontaneous combustion
phenomenon, and the simulation results were used to direct the fire control work ef-
fectively.

(7) The surface temperatures of diverse sulfide minerals samples were measured
simultaneously by Raytek infrared thermometer and Center tangent thermometer. The
relationship between the sensing data of the infrared thermometer and the actual sur-
face temperature with various measuring distances, measuring angles, mineral types,

and environmental conditions were investigated. Also, how the measuring errors come
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in bad conditions during practical applications were analyzed systematically. The im-
proved instruments adopted in the laboratory were utilized to measure the temperature
of sulfide ores and concentrates on locale, and had good effects.

The research work in this book has been supported financially by several important
projects, such as the National Science and Technology Pillar Program during the 11th
Five-Year Plan Period of China (2006BAK04B03 ), the National Natural Science
Foundation of China (51074181), and the Scholarship Award for Excellent Doctoral
Student Granted by Ministry of Education of China (1343-71134001011), etc. The
authors greatly appreciated much help of the other relevant researchers of the project
group and would like to acknowledge Associate Professor Li Zi-jun, Professor Hu
Han-hua, and graduate students Mao Dan, Wang Fa-song and Qie Jun-fang for a
part of experimental work. At the same time, lots of references on spontaneous com-
bustion in mines are cited in this book, so the authors would like to acknowledge all
the references’ authors. Moreover, the authors would like to acknowledge some work-
ers in Anhui Tongling Dongguashan Copper Mine and Henan Lingbao Yinjiagou Iron
Sulfide Mine for their support in the locale work.

Since some contents and viewpoints maybe need to be furtherly studied and comple-

mented, corrections and suggestions are warmly welcomed.

The Authors
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