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Thermal Characteristics of Zr/BaCrO, Heat Paper with Fuel/Oxidizer Compositions
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Abstract: Thermal batteries use inorganic salt as electrolyte, which is inactive at room temperature. As soon as heat

pellets are fired by an igniter, all the solid electrolytes are instantly melted into excellent ionic conductors. However,

the abnormal heat generation by the igniter flame or heat pellets causes the thermal decomposition of the electrode

and the melting of the anode, eventually leading to a thermal runaway, which results in overheating or explosion.

The thermal runaway can be significantly reduced by the adoption of Zr/BaCrO, heat papers. In this study, the heat

papers with various ratios of fuel (Zr) and oxidizer (BaCrO4) were prepared by the paper-making process. We have

investigated the calorimetric value, burning rate, and ignition sensitivity. The ignition test of heat pellets and the

discharge test of thermal batteries were also carried out. At the composition of 40 wt.% of Zr, the heat papers

showed the highest specific calorimetric value and burning rate. As a result, Zr/BaCrO, heat paper made by the

paper-making process has shown the applicability for thermal batteries.
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Fig. 1. The structure in thermal batteries; (a) without heat
paper and (b) with heat paper.
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Table 1. The physicochemical data of Zr and BaCrO,.

Density ~ Particle size

Material . Note
(g/cm) (zm)
Zr 6.5 2~3 in water(30%)
BaCrO;4 4.5 1~2 Grinding
Table 2. The characteristics of GF(glass fiber).
Substance Length Diameter
(m) (ym)
GF-A 6~9 6 +1
GF-B 1~3 1 +1
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Fiber Internatlonal Co., Germany)s AF8st9oH, =
42 B 29 2ot fARet Zr/BaCrO0te] A e 5
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Fig. 2. The fabrication process of Zr/BaCrO, heat papers.
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Fig. 3. Schematic diagram for the Zr/BaCrO, heat paper

fabrication.
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Fig. 5. Schematic diagram for heat pellet ignition tests.
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LAt A2 19 59 B4 XS ARgstol A HA o [8].
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Fig. 6. SEM micrograph of Zr/BaCrO, heat papers with %
various ratios of Zr and BaCrO4 powder; (a), (b) Zr 30 wt.%, o : . . . . . . . .
(c), (d) Zr 80 wt.%. 0 10 20 30 40 5 60 70 8 9 100

Fuel (Zr, Wt.%)

Fig. 7. A comparison of the calorimetric value in the reference

I 62 921482 Zr/BaCrO»t ZEAE 2 4 and the experiment of Zr/BaCrO, heat papers.
2 B3 BAME 95t SEM-BSE (back scattered

electrons) ARlolch. 73 69] (b)e} (d)2 HH, Heto Table 3. The thermal characteristics of Zr/BaCrO, heat papers.
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Fig. 8. The burning rate measurement of Zr/BaCrO4 heat
papers.
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Fig. 9. Burning rate of Zr/BaCrO4 heat papers.
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Fig. 10. Ignition tests of Zr/BaCrO, heat papers.

Fig. 11. Heat pellet ignition tests by Zr/BaCrO, heat papers
(Zr 20 wt.%).

lth [12,13]. CO, #Hlo|A 24 &S

(0.0024 cal)z 7gsto] tf7] FoA Fetd=AldS Al
dstPcHad 10). Fa 23 UM 2e A7t
A Aot S Folstkdo

£ UE A Edo] FetHEA 1A
NS &5AA WAA=A AssiA Hoz, ddo]
of 4R= EAA A=A AoAM TS Fat 84
© A 2xo= E¥S A

L.
I FYol gol Aok e

a

Age 1 5olA B ulet gol, As}y] B2l o
o) Yol MateA e I Ymo| Eo| gt A

A297A A10% pp. 652-658, 20161 104:

QAT 5 657

8ol Zr/BaCrO, ®A1S epAl7]1, 9 Zr/BaCro,
ARlof| oJs] Yol ALEEAE elstect.

T3 113 o], 69 Fo] BE e,

Q9o Azao] of

Sk Qo

of S g

rE
ok
to

A RIFA o

R

- =
Uehd @goz 2 4 ot

ol

£ A7olA MAE Zr/BaCrO, FAl: BE A
2 orgHoR AMehlile 12 Yold Eelsheint

GRA AE 54 L AF 5S HAs] s
7r/BaCrO; WA|E A g3lol 3% 2 %1 PHAY
YAt FRAE ol

59 P5E 20 oo, A £8AdE melsol
A (-32°C) 3 RL(+63CIIA ABL SapstAon
T AvE E do] uehhlct.
Y 129 A AF AuE BY, DA Ases
A9 1~3"ZoA] Z+2zF 0.48, 0.99, 1.20%
of 774 HaFYe 24 Vol =stgion], Azt

Sole we R AY sk 59 oy @AY o]

oz Pido] AegE .

oX oX O A
ox B L oo |

i)

Table 4. Activation time of thermal batteries with Zr/BaCrO,
heat papers(Zr 20 wt.%).

Activation time (s)

Stack 1 Stack 2 Stack 3
Low temperature 0.48 0.99 1.20
High temperature 0.40 0.80 0.85
354
304
254 Cut off : 24V
=y Activation time
2 204 Stack 1: 0.48s
[<3] Stack 2 : 0.99s
2 Stack 3 : 1.20s
= 151 —— squib
=
104
5 i
0 v T ki T LA L | x T T

L T * 1 7 [ 7
2 0 2 4 6 8 10 12 14 16 18 20
Time(sec)

Fig. 12. Low temperature(-32°C) discharge test of thermal
batteries with Zr/BaCrO, heat papers(Zr 20 wt.%).
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30 [r
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Fig. 13. High temperature(+63°C) discharge test of thermal
batteries with Zr/BaCrO, heat papers(Zr 20 wt.%).
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