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ABSTRACT

Zirconium potassium perchlorate(ZPP) is an igniter composed of potassium perchlorate as an
oxidizing agent and zirconium as a fuel with a Viton binder. ZPP has been used to provide an
ignition source in the aerospace, propulsion, and automotive industries. This study investigates the
manufacturing process and characteristics of ZPP, such performance and shape/calorimetry/pressure
characteristics with respect to pyrotechnic mechanical device(PMD). During the production of ZPP, the
mixing process was designed to produce uniform particle size and shape by mixing the raw materials

at high speed.
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ZPP(Zirconium Potassium Perchlorate)= 4F38}A] potassium perchlorate, &<YE zirconium, 2 A
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2 A%E F UAES E33AS AAE AT

Key Words: ZPP(A 235 ZEtg HIEHC|E), PMD(33 %), Igniter(H3}Al), Solid Propellant(ILA]
A0

Nomenclature
Received 5 June 2017 / Revised 7 November 2017 / Accepted 12 November 2017

Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548 ZPP : Zirconium Potassium Perchlorate

[o] =F-& d=53:7133)s] 017d% FAIEEI8)(2017. 5. 31-6. 2, . . . .
Srioe AEE) MDY AAe] 224 . Helat 29 PMD : Pyrotechnic Mechanical Device

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2018.22.3.008&domain=http://journal.kspe.org/&uri_scheme=http:&cm_version=v1.5

H223 H3E 2018. 6. 32

I
1]
\_?E
0K
o
fujo

ro
las)
5
ol
ﬂ
10
N
2]
lav)
=
2
Pl
an
0x
HI
1=
O

LM B
ZPP(Zirconium  Potassium  Perchlorate)+
PMD(Pyrotechnic Mechanical Device)®] F o
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o olE 3k efe] AeMddTE St 1A
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2 dA7e 14T FEr]d A&7 st
ol #Yd 14T ZPP o AFs 534
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Fig. 1 Manufacturing process of the ZPP.

Fig. 2 Mechanical stirrer.
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Potassium perchlorate%
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Fig. 3 Graph of the cloud point(heptane/acetone ratio)
with respect to temperature(1].

Table 1. Cloud point(heptane/acetone  ratio)  with
respect to temperaturel1].
Vltor} B Cloud Point
Loading Temperature
o o (heptane/
(wt % in °O) .
acetone ratio)
acetone)
28 0.77
52 0.88
68 0.94
20 g/700 ml
g/700 m 7 0.98
75 1.00
95 1.08

hexane/acetion H7}8](1.1~1.7)°] ™E Viton
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ol 79 dojupA k=t A7l 125904 =
acetone®] §do wo] Folglr] wZol Vitono]
emulsionB Hlo]™ &A™ §7]o] 2e}EA &
o #7817 Zold4E Vitone AL 71A
A HHY F5AES @A Bk 160173 A7
ol A& Vitono] &Aoo A A3 HE=HH, &7
of 89 FHE A

ZPP3leFe]l H7MA 2 A (e 1%) graphiteZ}
2olA Hed, ol dFEAAA dAEC] &
A As BAS 84S FEAZE ® ohY

(£32 Aol A E2AIVRY HT
(¥H-& S R 0= R =
graphiteZ} 7tE = AlAol wel 1 IS A
°o]dE& HRlth

i

o
N

N2
1

oft



gt PMDE 3t

r
N
la~]
av]

Iﬂ A+ dl

=1 =X

d

H4E4 11

%3 8k= JJrXWW A EgE7 ol
HEEE 5o B4 9FE € F Ik 1
Il graphite7} &334 F-of

PRk} PAb Abeloll EAFFo M Shefol &
:l

4 8 AER gFE mAA "o

o rr o o

32 24

ZPP+= w49R, 4tskA, AdAZE =AH
o3 FAEHANE SFEC|7] wEd 7
of tigt 24gul= 3ok Hes AAHs=
g g 4ol

—

oV e
oo 2

A5 AL g 4E %I 2= Fe
Ast7] Y8l Zrst PP 1E]3 Vitono] ©] 43

ro A

E£#¢¥E  chemical equilibrium  with
applications(CEA)& ©]-&3t] sidd & Qi
71ZA et FekQl  ZPP(Zirconium Potassium
Perchlorate)?} 2 2]2¢l BN(Boron Nitride) 2.2
d29 FeHE AFE APgsA Gk wEA
CEA =Z2If°o2 olggs AN dod=
ZPP, BN®| & @7 AitsiFoiof ot o]
A Zrg gl W EdEs mEd, ZPp =4
Zz  Zrg®Fel  70%°14Yd  w, TG(Thermo
Gravimetry)&&41 oAl vl G2 AF& Hlth
= 7237 A2l

o}#} Fig. 4= CEA Z2I1HS A}g3to] 3hof

8804 <4200

[ ]
240 L] - 4180

e 4160
B 800
(o}

[ L]
TIK]

-

- 4140

& m
=

760

+4120
7204

T T T T T T 4100
2 50 51 52 53 54 55 56

7 1%]

Fig. 4 Pressure(P) and temperature(T) of ZPP
compositions by NASA CEA program.
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Fig. 5 Contour Plot of Temperature(T) for ZPP
compositions, P=1000 psi, (graphite=1%).
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Fig. 6 SEM images of the ZPP (1) x500 (2) x100.

Table 2. Calorimeter test result.

Weight Initial Te@p. Fuse Calorie

NO ) temp. | rise value (cal/g)
¥ 109 | €9 | () i

1 0.69 | 2283 | 040 181 | 1,364.7
2 070 | 2285 | 042 189 | 1,4145
3 0.68 | 22.66 | 040 183 |1,376.8
Avr. 1,385.3

3.3 SEM(Scanning Electron Microscope) ¥4 A3}

A& Eshgg o AzE ZPPEeF dA ¥
/37 AT/ EE SEMEA AFAE il U
T} Fig. 6= A¥HEA UAFEHF A F o
I, A7 FLdF Ae 3 F F drh
=3 YAEde] wjus YA Zr, PPUA 3 A
o] & o]Fo AL & & F U

34 G 9 RS 24 A%

g8%F =A7](Calorimeter) & F3ld 9 &3
Hoe=w A#H ZPPY 71242 H3dse &
st7] flste] d#E E45tAT B 94%F 53
£ 40~100 mesh ZHES A&t on, dF
33] A FFake] 1385 cal/gs UEFUNRA
T AAWeE AzH
ZPP7} #ASH T8 EHAv= AS & F Arh
TR ZPPERA A FEF ol wakA 2] A
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Closed bomb test(CBT)E
AW HEEAS 24 + U ZPPY CBT
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HAdd SARESE S & & Aok =37
ZPPe & S A¥E + 9o, ZPP =
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AA AxY AALEE fstd AJor 41E
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Table 3. 10cc Closed Bomb Test result References

D.t | 2.23] 2.37| 2.45| 2.26| 2.34| 2.30| 2.26| 2.32| 2.35| 2.21

P.t 2.75| 2.88| 297| 2.78| 2.85| 2.82| 2.78| 2.84| 2.86| 2.72

Fnax 889| 857| 886| 909| 854| 874| 840| 885| 848| 901
Pressure max value 909 psi

Pressure minium value 848 psi

Pressure mean value 877.3 psi

Pressure *S.D value 20.3 psi

*S.D= Standard Deviation

mlo

Hnd T FUF YA AS 5 AU
Azd ZPPe AHE 1,385 cal/g FEOIUL
™, %&%}EL °—F 80 m, CBT ’\15401]*19] %‘“‘E‘.
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