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ABSTRACT 

The comhustion behaviour of individual particlcs of 
molybdcnitc concentrates has heen measurcd using a 
two-walenght pyrometer. The most important 
parameters in rtash eombustion were nominal 
temperature and oxygen potential and they were 
stndied from 923"K to 1173"K and from 50% to I OQo/t., 
respectively. ln these range, particles reached 
temperatures from 1370"K to 3000"K and energy 
pulses rccorded suggest different combustion 
behaviours o r the individual p<trlicles. 

INTRODUCTION 

I n rias h prou.:sses , li nc particles o f dry sul fi de 
concentrate suspended in oxygen-cnrichcd air me 
introduced into the top of thc reaction shart, forming a 
turbulcnt divergent jct. Partieles are dispcrsed down 
along thc turhulent tlow and ignite at some distancc 
from lhe hurner. The temperature at which ignition 
occurs determine lhe reactor lenght sincc almost no 
reaction occurs hcfore that. 

The high vapour pressure and low hoiling point 
(Kuhaschewski , 1979) and the fast rcaction kinctics 
ahovc XOO"C suggcsted than a direct path of oxidation­
volatilization to obtain pure molyhdcnum trioxide will 
he a more practical form to oxidizc thc sulfide ( 
Wilkomirsky, 1975, 1995) 

Previous experimental studies on the oxidation 
kinetics and detcrmination of ignition temoperature of 
molyhdcnitc concentrates havc heen done hy Patino et 
ai, 1997. On lhe h as is of thesc results a mathcmatical 
model is hcing developed to descrihc the tlash 
oxidation of mol yhdcnite concentrates . 

A numhcr of investigations of thc combustion of 
individual particles has heen conductcd using non 
intrusive pyromctry tcchniqucs. Jorgcnscn and 
coworkers havc cxamincd thc comhustion of metal 
sullidcs; Thcrnclis and Gauvin studied thc reduction of 
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iron oxide and coai combustion has been investigated 
hy several resarchers. ln most of thc previous studies, 
however accurate temperature varialions of the 
individual particles during rcaction have not bcen 
measured. No information on individual temperatures 
during molybdcnite reaction has been reported. 

Comp~trison hetween experimental rcsults and 
modelling, it is ncccssary to mcasure of temperature 
reached hy molyhdenite individual particles during 
comhustion-ignition proccss. 

ln the present study, the combustion hehavctir of 
i ndi vi dual parti eles of mi ncral sullides h as bcen 
measured using a fast two-wavelenght radiation 
pyromctcr. The popularity of this technique ariscs from 
its nonintrusive nature and its supposed ability to 
determine tempcratures without knowing eitJ1cr Lhe 
ohjcct size or cmissivity. ln reality, grcat c<tre mu.st hc 
taken in interpreting the result.s hccausc the undcrlying 
assumption of a temperaturc independent emissivity 
ratio can, in ccrtain instanccs, lcad to very largc 
measurcmcnt crrors. 

EXPERIMENTAL 

Thc tests were realized in Centre for Metallurgical 
Process Engincering, University of British Columhia. 
Thc furnace used is decrihcd elsewhcrc hy Tuffrey, 
(I 995), and consistcd of a 76 mm i.d.x 400 quartz tuhc 

surrounded by a "clam shell" furnace which was left 
aj<lf to allow tJ1e particles comhustion to he vicwed. 

Molyhdenite concentrate produced at Chuquicamata 
(35-53 ~m size) was suhjected to the hot sulphatation 
to remove lhe iron and copper and were feeded into a 
combustion furnace at vcry low rate ( I g /minute) and 
were carried by the downward llowing gas ( 15 I I 
minute) in tl1e reactor tube past tJ1c pyrometcr lens. 
Cl1emical analyses of concentrates were showed by 
Patino, 1997. 

The energy of pulses sensed and registcred by 
pyrometer at two wavclcnght were processed to 
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calculate particle temperature in functíon of time of 
exposure by : 

2500 

T('K) = (~I+ 1.92 
lnlv710) 

This equatíon is derived from the general laws of 
radiatíon and the test of calibration of pyrometer 
(Baker, 1961 ). 

RESULTS 

Figure I shows typical energy traces from the two 
pyrometer detector recorded during the combustion of 
molybdenite in a gas tlux containing 50% of oxygen 
and nominal temperature of 923"K. Note, that the time 
of exposure is about míliseconds. It can see pulses 
characteristics of operation conditions of no-ignition, 
i.e. low nominal temperature and medium oxygen 
content. This kind of curve is clasified as type A-1. 

Figure 2 shows the temperature profile generated by 
combustion of molybdcnite particle which is calculated 
by equation (I) using a treatment of data obtained in 
Figurel.Temperatur:: increases at rate of 0.75·105 "K I 
s , reaching a value very near to boiling temperature of 
trioxide of molybdenum (1428"K). The rate of heat lost 
is lower than rate of hot.The output pulses showed in 
Figure 3 are relatively low and the both rate of heating 
nd ooling is about 0.7 ·10 5 "KI s as is presented in 
Figure 4. 

Figure 3 are relatively low and the both rate ofheating 
and cooling is aboul O. 7 ·lO 5 "KI s as is presented in 
Figure 4. 

Pulses of combustion showed in Figure 5 present 
signals of type spike with a short duration. It can be 
atríbuted to the líttle fragment of molybdenite 
generated by explosíon of original particle, which 
move on the face of pyrometer. This curve is 
characterized as A-3 by Tuffrey et a!, 1995. Figure 6 
shows the temperature profile of individual particles 
during combustion which indicates a heating rate of 4 
· I 05 "Kis and reaches maximun temperature about 
2400"K and the cooling rate is about 2· 10 5 "Kis. This 
value of temperature, the spikes of signal and the high 
heating rate suggest ignition phenomenon. 
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Figure 2: Temperature profile. 50% 02 and 923°K 
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Figure 3: Pulses during comhustion. 25% 02 and 
973•K 
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Figure 4: Temperature profile. 25% 02 and 973°K 
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Figure 5: Pulses during comhustion.lOO% 02 and 
973°K 
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Figure 6: Temperature profile. 100% 02 and 
973°K 
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Figure 7: Pulses during comhustion.25%02 and 
1173°K 
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Figure 8: Temperature profile. 25% 02 and 
1173Figure 5: Pulses during comhustion.lOO% 02 
and 973°K 

Figure 7 shows output pulses emitted by 
molybdemte particles during combustion at 50% 0 2and 
117°K. Output pulses present a sudden incressing of 
the radiation which is almost 4 times greates than 
showed in Figure 1. This skind Table I - Maximun 
temperature reached by individual particles during 
combustion of behaviow is associated to expulsion or 
desintegration of and 1173°K 

Table 1 presents results of the experiments realized. 

Nominal % 02 Maximun 
Temperature Temperature 

923 50 1370 

973 25 1550 

973 100 2550 

1173 25 2400 

1173 50 2900 

1173 100 3000 
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Figure 9: Pulses during combustion 25% 0 2 
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Figure 10: Temperature porfile. 50% 02 and 
1173°K. 

Figure 9 shows output pulses emitled hy 
molyhdenitc particles during combustion at 50% 0 2 

and 1173 "K. Thc form of this curve is vcry similar that 
Figure 7 but with a differcnce in increasing of the levei 
of recordcd radiation. The rate of heating is thc same of 
thal of cooling and it is hesides, the highest rate 
registered cluring experiments: 106 "Kfs . Figure 10 
shows the tcmperature pro file calcutecl by equation ( 1) 
which reaches 2900"K as maximun. 
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CONCLUSIONS 

Oxygen potential anel nominal tempcrature of 
reactor are important parameters which inlluence 
the maximun tempcrature rcached hy individual 
parti eles 

Thc maximun temperaturc rcached by individual 
particulcs during combustion increasing al high 
oxygcn potential and nominal temperaturc. 

The cffcct of nominal lemperature on the 
temperature or individual particks is greatest at 
low oxygen potential. 

4. The effccl of oxygen potential on the temperature 
of individual particles is greatest at low nominal 
tempcrature to operate at high. 

5. Nominal temperatures is prcfercahle supply !luxes 
with a medium oxygcn potentials (50'7o) whercas a 
low nominal temperaturc is rccomcndablc supply 
lluxes high oxygen pntentials. 
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