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The pyrotechnic reaction between iron and potassium dichromate has 
been studied by Hill et al. [ 11 and more recently by Rees [2]. The gasless 
nature of t.he reaction and the low burning temperature make the measure- 
ment of temperature profiles deceptively easy. Our measurement.s on mis- 
tures containing 50, 60 and 70% * iron indicate considerable variation even 
between temperat.ure profiles recorded for the same misture. The tempcra- 
ture profiles were recorded using a thermocouple embedded in an open-train 
of the pyrotechnic mixture [3]. With fine iron powder (mean particle diam- 
cter Cl0 pm) the mistures were difficult to ignite and when pressed failecl to 
propagate a combustion wave. MIijssbauer spectroscopy showecl that the 
iron was free from surface oside. The experimental results are showy in 
Table 1. The errors are t.he standard deviation of the means, and For the eso- 
t.1~ermkit.y they include an uncertaint.y of k 2%; in the estimated effectiw 
heat capacity. 

The temperature profiles may be analysed to give the instantaneous ratck 
of evolution of heat (power) from which the chemical kinetics may 1~ 
derived [3]. We have assumccl that Lhe rate of react.ion may be reprcsentc4 
by the equation 

dcldt = A ( 1 - E)” esp( -E/R T) 

where E is the fractional estent of reaction: 11 is the order of t.he reaction: 
and E is the activation energy. Values of IZ and E have been cstimatccl using 
an iterative least squares procedure in which the esperimental chemical 
power is compared w-it.11 that calculated on the basis of the above rate equn- 
tion. Figs. 1 and 2 show a comparison bet-ween the esperiment.al and calcu- 
lated power functions for two mistures. The mean results from sis analyses 
are n = 1.2 f 0.3 and E = 92 f 13 kJ mole-‘. Some power functions sho~vc~cl 
a small incomplet.ely resolved high temperature esotherm which has been 
escluded from the kinetic analysis_ There are also differences betw-cen the> 

* In expressing composilions, 7 r = 100 S weight of the component/weight of the mist uw. 
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TABLE 1 

Combustion results 

% Iron Burning velocity Max. temp. 
(mm s-l ) (K) 

Exothermicity * 

(J a-‘) 

50 0.86 f 0.02 1086 + 19 890 f 240 
60 0.50 + 0.01 998 + 52 740 + 190 
70 0.35 + 0.01 916 + 34 660 f 170 

a Values have been derived from the temperature profiles and refer to 1 g of mixture. 

curves obtained by differential thermal analysis under non-ignition condi- 
tions. The main exotherm is broad and poorly defined. With samples weigh- 
ing 20 mg and using a heating rate of 10 K min-‘, the exotherm becomes 
pronounced at 800 K, but with larger samples and faster heating rates it is 
established immediately following the fusion endotherm of potassium 
dichromate (-670 K). The present value of the activation energy is consider- 
ably greater than that reported by Hill et al. [l] for pressed mixtures. A 
similar discrepancy was observed between high and low density mixtures of 
iron and potassium permanganate where the higher activation energy was 
identified with the decomposition of the oxidant [a]. A complete account of 
the kinetic analysis will be published later. 

i 
Tine t/s 

Fig. 1. Comparison between experimental and calculated power functions for a mixture 

containing 50% iron. - 9 Experimental curve; - - - - - -, calculated curve. 
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Time t/s 
Fig. 2. Comparison between experimental and calculated power functions for a mixture 
containing 60% iron. - , Experimental curve, - - - - - -, calculated curve. 

REFERENCES 

1 K.A.\F. Hill, L.E. Sutton, R.B. Temple and A. White. Res. SuppI.. 3 (1950) ,569. 
2 G.J. Rees, Fuel, 51 (19’i3) 13s. 

3 E.L. Charsley, T. Boddinmon, J.R. Gentle and P.G. Laye, Thermochim. Xcta. 33 
(1978) li5. 

-1 R.&W:. Hill, Proc. R. Sot. London. Ser. A. 336 (19.51) -1.55. 


