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DTA measurements have been performed on powder mixtures of silicon/lead mon- 
oxide and silicon/lead, with the object of determining the mechanisms of reactions as 
the temperature is gradually raised to 900 ~ in (a) air (b) nitrogen. 

X-ray diffraction and infrared spectroscopy are used in an attempt to characterize 
the products of reaction. From the results obtained a tentative mechanism for reactions 
in air and nitrogen is suggested. 

Compressed compositions, consisting of lead oxides and silicon, have utility 
in industry and in military applications as fuses [I ]. These delay compositions 
were formulated to replace the older fuse materials, based on gun-powder, which 
were unreliable under the demanding conditions of low pressure at high altitudes, 
e.g. in space research. The essential difference, between the old and the new com- 
positions, is that the latter gave rise to the formation of solids rather than gases 
upon combustion. The compositions are also utilised as time delays for use with 
detonators in the application of explosives in the mining and quarrying industries. 
Little published work on combustion mechanisms has appeared but Nakahara  
et al. [2] and Sulacsik [3] have described DTA studies oll potassium permanga- 
nate/antimony and trilead tetroxide/ferro-silicon powders. In view of the wide- 
spread application of these compositions, it was decided to carry out DTA studies 
on mixtures of  lead oxides and silicon, as an aid in understanding the mechanism 
of combustion. 

Exl~crimcntal 

Silicon powder, manufactured by a grinding process had an average particle 
size of 5 #m and a surface area of 2.5 m2/g. It was 98 ~o pure the chief umpurity 
being metallic iron. The lead monoxide was 95 ~ pure and had an average particle 
size of  4/~m. 

The particle sizes of all materials were measured using a Coulter Counter Model 
TA equipment and surface areas with a Strfhlein Area Meter. 
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Equipment 

A Stanton Redcroft massflow thermobalance (Model No. M F H -  1), was used. 
This has a temperature range of 0 -  1400 ~ and the rate of temperature increase 
used was 6~ Thermocouples were of Pt /Pt -  13 % Rh positioned under dimped 
platinum crucibles 6.5 mm diameter and 10 mm deep. The crucibles rest on 
the thermocouples within a high purity alumina block. 

Safety measures and experimental methods 

Appropriate precautions are necessary when dealing with mixtures of lead 
oxides and silicon since they are sensitive to impact, friction and static electricity. 
Spark-free tools and equipment are used throughout, e.g. brass sieves and camel 
hair brushes for mixing ingredients. The sieves are earthed and placed behind 
armoured glass safety screens during the mixing process. Safety clothing including 
gloves, face mask and goggles are also used, and the mixing operation performed 
in a fume-cupboard. 

Mixing procedure 

The lead oxides and silicon powders were lnixed by passing, the previously 
weighed and dried separate ingredients, through 75 #m sieves five times. This 
ensures uniform mixing and breaks down powder agglomeration. A range of 
mixtures was prepared (10 g of each) and stored in a desiccator for 24 hours prior 
to DTA measurements. Each composition was mixed again, immediately prior 
to DTA measurements, to reduce segregation due to wide density difference 
between silicon and lead oxides. 

DTA measurements 

Accurately weighed samples (approximately 15 mg of the mixtures) were used. 
The inert reference material was pure alumina powder which had been previously 
calcined at 1400 ~ The rate of temperature increase used was 6~ The results 
are indicated graphically (Figs 1 -  3). 

Analysis of reaction products 

X-ray diffraction and infrared spectroscopy were used to characterize the slags 
obtained from the DTA measurements carried out in nitrogen and air. 

Discussion 

DTA studies on Pb304 and PbzOJSi mixtures have been published [4], and it 
was shown that the reactions took place at the temperature of decomposition 
of the oxide. 

3". Thermal Anal. 16, 1979 



AL*KAZRAJI,  REES: D T A  OF SILICON A N D  L E A D  OXIDES 37 

o 
Ld 

t 
I 

AT 

I 
Y 
o 

500 
_ l  ! 

600 700 

Temperature , 0C 

Fig. 1. D T A  for PbO/Si (70/30 w/w) heated in air to 900 ~ 
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Fig. 2. DTA for PbO/Si (70/30 w/w) heated in N2 to 900 ~ 
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Fig. 3. D T A  for Pb/Si (70/30 w/w) heated in air to 800 ~ 
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In this work powder mixture of PbO/Si (70/30 w/w) were investigated by DTA 
in air. From Figure 1 it is seen that an exothermic shoulder is formed-starting 
at 540 ~ which reached a maximum at 590 ~ The second exothermic reaction takes 
place at 610 ~ the rise being gradual at first but very sharp when the temperature 
reached 665 ~ then cooling 'rapidly. 

These reactions follow the same pattern, in temperature of occurrence and 
relative size of peaks as for Pb3OJSi reactions [4]. Initially, the monoxide is con- 
verted to red lead at temperatures above 350~ 

350 ~ 
6PbO + O 2  540~ 2Pb30 4 

< 

2 PbzO ~ + Si 590~_~ SiO2 + 6 PbO 

PbO + Si + �89 (from air) 665~_~ Pb + SiO2 

In these compositions the Si is in excess and reactions occur on the surface 
and the second exothermic reaction is enhanced at the higher temperature, to 
favour the movement of reactants to penetrate the product layer which forms 
around the constituents. 

When the same composition was studied under nitrogen, the second reaction 
is less violent due to absence of atmospheric oxygen (Figure 2). 

In the case of Pb/Si (70/30 w/w) investigated by DTA in air (Figure 3) the lead 
melts at 327 ~ and, as shown elsewhere [5] it is partially oxidized by oxygen from 
air to PbO, and at temperatures above 350 ~ the monoxide is converted to PbzO 4 
and the reactions thereafter are the same as those of Pb3OJSi mixtures. There is 
a third peak, much smaller than the second and this is possibly the reaction product 
of PbO and SiO2 reported elsewhere [6]. 
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Rt~SUMt~-- Des  mesu re s  d ' A T D  on t  6t6 effectu6es sur  des mdlanges  pu lv6ru len t s  de s i l i cone /mon-  
oxyde  de p l o m b  et s i l icone/p lomb,  afin de dd te rminer  les m6can i smes  r6act ionnels  q u a n d  la 
t emp6ra tu re  est a u g m e n t d e  g radue l l emen t  j u s q u ' ~  900 ~  Fair  et dans  l 'azote.  

La  diffract ion des  r ayons  X ainsi  que  la spec t roscopie  i n f r a rouge  on t  6t6 utilis6es p o u r  
tenter  de caract6riser  les p rodu i t s  de r6action.  U n  m d c a n i s m e  poss ible  est p ropos6  ~t par t i r  des  
r6sul ta ts  ob t enus  p o u r  les r6act ions  dans  l 'a ir  et dans  l 'azote .  

ZUSAMMENFASSUNG - -  D T A - M e s s u n g e n  w u r d e n  a n  pu lve r f6 rmigen  M i s c h u n g e n  von  Sili- 
z ium/Ble imonox id  und  Silizium/Blei zu r  B e s t i m m u n g  der  R e a k t i o n s m e c h a n i s m e n  bei s tu fen-  
weiser E r h 6 h u n g  der  T e m p e r a t u r  a u f  900 ~ in a) Luf t  u n d  b) Stickstoff,  durchgeff ihr t .  

R6n tgend i f f r ak t i on  und  I n f r a ro t spek t ro skop i e  w u r d e n  zur  Cha rak te r i s i e rung  der  Reak -  
t i o n s p r o d u k t e  eingesetzt .  A n  H a n d  der e rha l t enen  Ergebnisse  wird ein m6gl i che r  Reak t i ons -  
m e c h a n i s m u s  in L u f t  und  in Stickstoff  vorgesch lagen .  

Pe3toMe - -  BbI~u npone)/eHbI ,/~TA n3MepeHm~ cMece~ nopomKoB KpeMHI41~/MOHOOKI'ICb CBnHtta H 
RpeMnHft/CBnUtla rIpH HOCTO.qHHOM nom, llneHHvl TeMnepaTypt, i JIo 900 ~ B BO3ytylIIHOfi aTMocqbepe 
~I B aTMocqbepe a30ya c tteJIbrO onpeAeJleHHn MexaHI43MOB peaKtmfi. C uesmro vUIeHTI'I~3HKaLIIlI~ 
FIpo~IyKTOB pea~unn  viCrlO2763OBa.rlI'I peHTFeHO-JlVlqbpaKIlI'IOHHylO TeXHHKy H UH~OpaKpaCHylO cFteK- 
TpocKonI4tO. Ha  OCHOBe noJIyqeHHblX pe3yJlbTaTOB npe;~aox~er~ npeJIBapHTeYlbrlblf[ MexaH!43M 
peaKIm~ B BO3JlyttlHO~ aTMocqbepe H B axMoc~3epe a30Ta. 
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