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FeKC104 pyrotechnic mbdures are used in 
thermat batteries to provide the heat necessary to 
bring the battery stack to operating temperatures 
of 550°C to 600°C. This heat source is normally 
used as discs pressed from bulk powder. To 
evaluate the consequences associated with 
unexpected ignition of large amounts of heat 
power, Combustion of 84% Fe/16% KC104 heat 
powders was conducted for various scenarios 
under controlled conditions and the response 
documented. Increasing amounts of heat 
powder-up to eight pounds-were ignited in both 
unconfined and confined (sealed) containers in a 
remote area. The containers were thermocoupled 
and the resulting burning was filmed with a 
standard video camera, high-speed (1,000 
framesls) film and video cameras, and an infrared 
(IR) video camera. A 20-minute video of the 
burning under the vatious conditions will be 
presented. 

Introduction 

The most common pyrotechnic used in 
thermal batteries consist of mixfures of Fe and 
KC104. The pyrotechnic provides the heat input to 
bring the battery to its operating temperature of 
550" to 600°C. The heat pdwders are used as 
pelletized discs, one per cell in the batteiy stack. 
Typically, small (I Jb) cans of heat powder are 
open at one time during the pelletizing operations. 
The small cans are filled from larger (10 Ib) cans. 
Heat powder is much safer to handle and much 
less static and shock sensitive than heat paper 
that Is used to ignite the heat pellets in a thermal 
battery. (Heat paper is composed of a mixture of 
Zr, BaCr04, and glass fibers.) However, heat 
powder is still static sensitive and there is a 
possibility-although remote-of accidental ignition 
of this material during handling. 

To evaluate the consequences associated 
with the unexpected burning of large amounts of 
heat powders, combustion of 84% Fell6015 KClO4 
heat powder was conducted under controlled 

conditions and the FeSDonse Q a s  %Td o u ented 
using high-speed phsto$raphy and videography 
and associated instrumentation. A graphic video 
descriiing the results was presented at thls 
conference. This paper describes the highlights of 
the experiments. 

The heat powder used in the study was 
obtained from Pacific Scientific, Goodyear, AZ. 
Various amounts of heat powder-fromas little as 
one pound to a maximum of eight pounds-were 
ignited in open and confined (sealed) containers in 
a remote area. The outside of the metal 
containers was thermocoupled as was the pile of 
heat powder. In some cases, a thermocouple was 
placed in the powder inside the can. The outputs 
from the thermocouples were fed to an HP7090 
data acquisition unit that sampled at the rate of 
2,000 Hz. This allowed temperature-time profiles 
to be readily obtained during combustion. 

The burning of the pyrotechnic was filmed 
with standard video and high-speed (1,000 
frameds) cameras. Thermal imaging was 
captured using an infrared OR) video camera 
running at 30 framesls. This allowed the 
temperature of the fireball and hot particles to be 
monitored in real time. 

To start a test, the high-speed film and video 
cameras were turned on and once they were up to 
speed, the heat powder was Qnited by an 
eledrical match. The voltage pulse used to fire 
the match also triggered the data acquisition 
equipment. 

Results and Discussion 

The normal burning of heat powder under 
controlled conditions is shown in eqn. 1: 

4Fe +KC104 -> KCI + 4FeO S I  

This reaction will generate 722.4 cal of heat per 
gram of reactants. The required FelKC104 weight 
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ratfo for this reaction is 61.69/38.31. The 84/16 
ratio of the heat powder used in this study is 
therefore fuel rich and accounts for its much lower 
additional calorific output of 297.3 ca!/g. But, 
there will be heat generated by the air oxidation of 
the extra Fe present in the heat powder once 
initial combustion has occuned. This is not an 
issue when the heat pellets are fired inside a 
hermetically sealed thermal battery, where the 
oxygen has been gettered by the ti-alloy anodes. 
It becomes important only when the burning heat 
powder has ready access to air, a s  during the 
present combustion study. 

The various experiments that were 
conducted in this study are summarized in Table 
I. 

Table 1. Heat-Powder Experiments. 

Test No. Description 

I 
2 
3 
4 
5 

6 

7 

1 lb heat powder in open can 
2 Ib heat powder in open can 
4 Ib heat powder in open can  
8 Ib heat powder in open can 
1 Ib heat powder in sealed can on 

top of 2 Ib of heat powder in pile 
8 Ib heat powder in sealed can on 

top of 1.5 Ib of heat powder in 
pile 

1 Ib heat powder in open can on 
top of 4 Ib of heat powder in 
pile, with 1 Ib heat powder in 
open can 1 ft. away 

Thermocouple Data - Typical thermocouple 
data for the outside temperature of the open cans 
of heat powder are shown in Figure 1. The 
temperatures for cans with 1 lb and 2 Ib of heat 
powder (Tests #I and #2) peaked between 75OoC 
and 78OoC at about 100 ms. The peak 
temperatures of the cans with 4 Ib and 8 Ib of heat 
powder (Tests #I3 and #M) peaked at much lower 
temperatures of 5OO0-550"C at much longer times 
of 300-500 ms. The lower temperature for the 
larger quantities of heat powder resulted from their 
being violently ejected from the cans under these 
conditions. 

The thermal profiles generated for the 
closed cans of heat powders (Tests #5-fc6) were 
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Figure 1. Outside Can Temperature for 
Tests #I4 with Open Cans of Heat Powder. 

very similar those of the open cans. The 
residence time of the heat powder is the cans was 
similar for both series of tests, leading to similar 
initial temperature-time behavior. 

The corresponding internal (heat-powder) 
temperatures are shown in Figure 2. The peak 
temperatures ranged from over 1,300°C for the 
can  with 2 Ib of heat powder to about 1,200°C for 
the can with 4 Ib of heat powder. {No data were 
obtained for the can with 1 lb of heat powder.) 
The peak temperature of 850°C for the can with 8 
tb of heat powder was considerably lower. The 
temperatures peaked at 100 ms or less after 
ignition was initiated. 
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Figure 2. Inside Can (Heat Powder) 
Temperature for Tests with Open Cans of 
Heat Powder. 

Figure 3 shows the thermal response for 
Test #7 where a I-lb open can of heat powder was 
placed on top of 4 Ib of heat powder, with another 
open can of heat powder placed on the ground 
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Figure 3. Thermal Response for Test #7. 

one foot from the first can. This simulates a 
scenario where secondary ignition could occur. 
The powder in the second can ignited about 130 
ms after the first ignition, as a result of hot debris 
ejected from the first ignition. The peak can 
temperature was ‘t,325°C and was about 200°C 
hotter than the temperature of the pile. The 
temperatures remained higher much longer than 
those for the previous tests. 

!R-Video Data - Representative thermal 
data from the IR video are presented in Figure 4 
for Test #1 with a l-lb open can of heat powder. 
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Figure 4. Thermal Response 8s 
Measured by IR Video Camera for Test #I with 1- 
t b  Open Can of Heat Powder. 

These data show temperatures of the can 
as well as ejected partides-both while suspended 
and on the ground. The IR video is able to 
capture much more information than simply 
thermocouples attached to the side of the can. As 
can be seen, the partide temperatures are close 
to l,OOO°C, which is much higher than the 
temperature of the can. The agreement between 

the can temperature as determined by the 
thermocouple and the IR video is quite good. 

The quality of the temperature data as 
taken by the IR video camera degenerated as the 
amount of heat powder that was ignited was 
increased. This resulted from the large amount of 
KCI fumes and particulate that formed during 
combustion. These interfered with the IR signal 
by masking the can and ejected contents. The 
nature of the fireball that was generated under 
these conditions is illustrated in Figure 5, for Test 
#SI where 4 Ib of heat powder was ignited in a 1- 
gal. paint can. me squares on the backboard in 
the fgure are I” by Is.) 

Figure 5. Photograph of Fireball 
Generated by Combustion of Heat Powder for 
Test#! 6. 

These data indicate that unexpected 
ignition of heat powder can produce disastrous 
results if this occurs inside a building. This could 
severely damage surrounding equipment and 
instrumentation and resutt in fires if not 
adequately controlled. This also presents safety 
hazards to nearby personnel, if they are not 
wearing suitable protection. Ignition of even a ?-lb 
can of 84/16 heat powder, while not as dangerous 
as an &Ib can, sti l l  poses risks. 

In spite of some inherent risk involved in 
handling and pelletizing FeKC104 heat powders, 
these can be reasonably minimized by taking 
proper precautions. By appropriate grounding of 
equipment and avoiding situation &here static 
electricity is generated, the likelihood of accidental 
ignition of heat powders can be greatly reduced. 
Similarly, safety for personnel can be enhanced 



during handling and proca, , ig  of these materials 
if they wear proper protection (e.g., static-free lab 
coats, safety glasses, etc.) and if they are properly 
trained and informed of the hazards of these 
materials. Heat paper based on ZrBaCr04 is a 
much more sensitive and hazardous material to 
work with than the Fe/KCI04 heat powders. 

Conclusions 

with high-speed photography and standard 
and IR video imaging, the violent combustion of 
86/14 FeNC104 heat powder was thoroughty 
documented. The destruction to surrounding 
equipment and threat to pemnnel that can result 
under accidental ignition of all heat powders can 
be minimized by using the smallest quantities 
possibly during pelletizing operations-typically no 
more than 1 Ib With proper safety precautions, 
normal handling and pelletizing of FeKC104 heat 
powders do not pose significant risks. 
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