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ABSTRACT

This research investigated the manufacturing process and characteristics analysis of ZPP(Zirconium
Potassium Perchlorate) as pyrotechnic are commonly found in the aerospace, defense, and automotive
industries. A solid pyrotechnic mixture is composed of an oxidizing agent, fuel, and binder.
Precipitation process was used to uniformly mix the raw material. Through the analysis of the
material characteristics and thermal response is designed optimum ratio by NASA CEA program. It

was compared by performing the evaluation of these size, shape and calorimetry characteristics.
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.M B Table 1. NASA  standard initiator(NSI)  propellant
composition [4].

A g A8 e R AMgEE ZPPE PMD ’ % by —
(Pyrotechnic Mechanical Device)?] A%< 4 Ingredient weight Specification
A7171 A WRelA FsaT tEs 34 Mil-Z-399D, Typell,
ANAZE gore] AT A A z2A7|&o Zirconium 52.0% ClassII, hafnium

content: 3.0% max

A s A el dasin. vEHe= Potassium Mil-P-217, Grade A
PMDel AH&H = 1A HeAl= &5z 4 perchlorate 420% | Class 4~
A a8l {7 AEAEJ(EFTANNZR T Mil-G-155, Gradelll
o AsAE "e Aso o sty e me Graphite 1.0% ia:lt::len size less than
a5 WEdof st 2AH F FEAEE BL
oke] meQxE WA dsts EAL A3l Viton 5.0% Dupont sales
A7lE 948s gt siAle 2598 28
gt AAE FFEcste 98-S stH 2¥Ae 55 3l A AFAxRE T FEES AAMF ok
dgsl AsAS Ans AZAAA HI}2 Lo gtk Table 1914 WeERAAF o] Fx) NASA
sHAl gtk A3 jEE] G4FE vAE FadA standard initiator(NSI) propellantZ A}-§-5&

= A48 =29 dAA7, A8 AL wEy Zro] WSS AWEW Mil-Z-399D 4 <]
233d 2y AgA 54 Seol Aok 1A Type Il (Powder), ClassII(APS, 2.0+ 0.3 um), 3

=1

A T sl ZPP= w59 EE zirconium,
28} AIZ potassium perchlorate, HFIT AE2
Z Vitono] Al&FHo] AZAYG. EFAZ 7+AAH
AUAEAQ ZPPE HsiA) H3E AT 47
AT 5 92w o HgH 7E
e e FEEPEAT 9 ogHL 9
[1,2].
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21 Zirconium

4-83t% zirconium powdere 2~6 pm Z7|
olH, dWrHSF  hydrogen(1.8%)Z hafnium
(25%)S E8H HaeEe 270°Celt}h. Zr
hydrogens (@371 7] wZell, 2] H&
SHY 98E AR&ordt. R FFol =5
TFE 2Tt EolA ZrFidEo] &F Zr
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H 7HE o3 Aes UElEs Ao e

A AHH3].

22 Potassium perchlorate
Potassium perchlorate= 742
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Ay BA MiEE FFHE 48

s s F
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=42 610°C, =2 1500°Ce] ™, 2F 500°C
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t}. 3}A| 9+ carbon blacke] #H7}E o]=H
X Fu &g FHA EHol BlwF g
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Vion BaaFe] FEHelr, 249 Aol
of o3& dEH o2 Viton A¢} Viton B2 1}
= 4 9tk Viton AE 9F 66%9] fluorine THS

7HA vinylidene ﬂuoride(VFZ)Q]- hexafluoropro-
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Table 2. Physical properties of Viton A, B.

Items Viton A Viton B
Fluorine 66%, copolymer | 68%, copolymer
content (wt%) (HEP+VE,) (HEP+VE,+TFE)
Density (g/cc) 1.78~1.82 19
Autoignition
temperature 268 290°
9
Heat of
Combustion 3,603 3,089
(cal/g)
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Oxidizing agent/Binder Mixing
(KClO./Viton/Acetone)

!

Metal fuel Mixing
(Zr/KClO,/Viton)

Anti-Solvent
(Hexane) ‘ l
Drying / Sieving
‘ Solvent /
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Zr/KCIO,/Viton

Fig. 1 Precipitation process.
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Fig. 2 Pressure (P) and temperature (T) of ZPP
compositions by NASA CEA program.
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Fig. 3 Contour plot of temperature (T) for ZPP
compositions, P=1,000 psi.
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Fig. 4 SEM images of ZPP compositions.
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Fig. 5 Particle size analysis of ZPP compositions.
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Table 3. CALORIMETER test result. 1000
Inltlal " 20°C
Weight | Tempe Températ Fuse Calorie 90 - * 60°C
No ; ure rise |factor 1/ nge A 40C
® raoure (°O) (cal) (cal/g) Pressure !-:.
("O) (psi) 4 e
L A
1 0.54 22.54 0.33 19.8 | 1,397.6 . ¢
2 0.55 22.65 0.32 18.2 | 1,335.2
700 |
3 0.53 22.51 0.32 189 | 1,360.4
b 1,364.4 0 R R R L
15 20 25 30 35 40
Time(ms)
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Fig. 6. The test result of combustion pressure for ZPP
composition.
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