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Abstract: Thermal batteries are primary reserve batteries that use inorganic salt as electrolytes which are

inactive at room temperature.

The two principal heat sources that have been used in thermal batteries are

heat paper and heat pellets. As soon as the heat paper, which is ignited by the initiator, in turn ignites the

heat pellets, all the solid electrolytes are melted

into  excellent

ionic conductors. However, the high

combustion temperature by heat papers in thermal batteries causes thermal decomposition at the cathode,

eventually leading to a thermal runaway.

In this paper, we have attempted to prepare Zr/BaCrQ; heat

papers coated with KCl molten salt. We have also investigated the effect of a molten salt coating on the
heat papers through the thermal characteristics such as calorimetric value, combustion temperature and
burning rate. The calorimetric value and combustion temperature of heat papers were reduced with an

increase in the molten salt coating. As a result, the molten salt coating on heat papers greatly reduced

risk of a thermal runaway and improved the stability of thermal batteries.
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Table 1. Characteristics of Zr powder.

Ty Particle size  Purity Water
ype {fam) (%) Contents(%a)
Powder 1=2 925 30
Table 2. Characteristics of KCI.
Type Particle size Melting Density
¥ {ym) Point( () (g/cur)
Powder 200 770 1.93
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Fig 1. Particle size analysis of BaCrQ; powder after ball
milling.

2.3 9x| H=

A oA Fu ¥ Zr/BaCrOy £z} 2 # 491
FeldfE SdEdge] sk 16500 rpmo i
2% )PI 3 s AAsd Fe#E AR
Stt. o ¥ selels A e 98wy 92
7z 01'5'5}‘?30”] frel et Zr/BaCrOsel A% 4
geon g SHYe dIAT A Eelelado}
=g H7bg Fol oFFe] w3-& A8 500 rpme
2 o |~5% 7+ myksich wgrd £ E Y
20| #Holu AR FAQN FEAZZ o|FAHA €A
sheet& %3819t}

o] %, o (KCD 34 g& &% 200 meet &3tslod
g8 whE g, EFE 898 dA wd 13



530 J. KIEEMIE,

Drain line

o

Fig. 2. Schematic diagram for fabrication of heat papers.

Table 3. The characteristics of heat papers coated with KCI,

Weight(g) KCI Thickness{mm)
Sample contents
Before  After (%) Before  After
0 15.84 - 0 047
| 16.02 16.72 4.2 (.48 0.50
2 16.13 17.60 84 0.48 0.52
4 16.80 18.86 10.9 0.51 057
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Fig. 3. The combustion temperature and burning rate

lest apparatus.

44 (Lasun-25, Medsun Co., Korea)Z A}-£38}9] o
W, HagAe) A2 wasel 1 W0 mse) TAE
dell A Hsl 5L gAsu).

3. 2% ¥ 1@

3.1 DjMF=

T dA9 vATRE s
49] ()= ¢ =8 A o
;‘f'_lo]I .x.-] H i u}g]_ ‘{.!vol

&3 %] o] QMLI EE f

_'F: g}\ LI'-

a3y 4= 9 =g A
7l 1% SEM ARlolch 1§l
/{]0] zrri_:_ J'}A}?] 710]1,]-
Zr/BaCrOs+=
gl et Ao =

powder & |

7 -.'iJ.‘j‘.‘I i a2

Fig. 4. SEM micrograph of heat papers before and after
KCI coating, (a) before, (b) Ist coating, (C) 2nd coating,
and (d) 4th coating.
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Fig. 5. EDS analysis on the whole heat paper area
before and after KCI coating, (a) before, (b) Ist coating,
(C) 2nd coating, and (d) 4dth coating.
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Fig. 6. Diffraction pattern of heat papers before and
alter KCI coating,
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Table 4. The calorimetric value of heat papers belore
and after KCI coating.

Calorimetric Value (Cal/g)

Sample
] 2 3 4 Ave.
Before 1375 4256 4232 4113 4244
1" coating 4190 4164 4132 4103 4147
2% coating 4010 3895 3808 3712 3856
4" coating 3181 3261 3243 3255 3235
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Fig. 7. Specific calorimetric value of heat papers with
the number of KCI coating.
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Table 5. The combustion temperature of heat papers
hefore and after KCI coating.

Combustion Temperature! )

e 1 2 3 4 Ave,
Before 9508 9393 09390 8032 9081
I coating 7379 TR0 7029 6778 7102
2 coating 7014 6521 6493 6141 6542
4" coating 5733 5480 5306 5144 5416
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Fig. 8. Combustion temperatures of heat papers with the
different number of KCI coating.
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Fig. 9. Combustion temperatures of heat papers with the

different number of KCI coating.
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Fig. 10. Voltage-time curves of oscilloscope during the
burning of heat paper.

Table 6. The burning rate of heat papers before and
after KCI coating.

Burning Rate(cn/s)

Sample _
1 2 3 4 Ave.
Before 4.5 43.9 40.3 40.3 16.0
1" coating 26,6 254 21.2 206 235
2 coating 250 198 196 196 210

A" coating 26 190 19.0 195 203
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Fig. 12. Ignition sensitivity photographs of heat papers.
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Table 7. Ignition sensitivity of heal papers.

Ignition Sensitivity

i Laser
Sample O . : .
Itput First  Second  Third
Before 1 W 10 ms Instantaneous
1" coating 1 W 10 ms Instantaneous
2 coating 1 W 10 ms Instantaneous
4" coating 1 W 10 ms Instantaneous
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