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ABSTRACT

The characterization of aging of the pyrotechnic device is conducted thermally, chemically, and
spectroscopically. The device is comprised of two parts: (i) igniter composed of Zr and (ii) pyrotechnic
delay composed of ZrNi alloy. The thermally induced chemical reaction is identified through
Differential Scanning Calorimetry (DSC) and Thermogravimetry Analysis (TGA). The peak
deconvolution of the themo-chemical data is used to estimate the enthalpy change of each metallic
fuel component. Laser Induced Breakdown Spectroscopy (LIBS) and X-ray Photoelectron Spectroscopy
(XPS) are used for chemical species analysis. The decomposition of oxidants by moisture significantly
affected the fuel aging, and the formation of oxide film and metal oxide on the fuel surface gave rise

to the thermal energy decrease.

= =
=

il

Zre JEEsE HeAG ZiNig 982 ste AQAR FAE dol2HaYz] w3ddE 4
A/slstd /Bt or BAsAT. 4 &A= Differential Scanning Calorimetry (DSC) <}
Thermogravimetry Analysis(TGA)E 38 & 7I®ke] whg4<& 83t DSCe A3z 33 I
24719 (peak deconvolution)& T3 Z+ 989 w3l W 44 WIE EAMeAnt. 35 W
#2Xo&= Laser Induced Breakdown Spectroscopy (LIBS)$} X-ray Photoelectron Spectroscopy (XPS)
& AR&SEAT ol o7 AtskAle] Belirt AR wdtol] A FEFS mHoH, dollviA Fae
2 T 2o qbsint FAg3 Asta&e] F4o02 et

Key Words: Pyrotechnics(¥}o] 28| 2 %), Solid Fuel(ZLAHE), Aging Effect(’=3}), Initial Burn
Time Delay(H3} A1), Ignition Failure(H4])

Received 10 February 2020 / Revised 12 March 2020 / Accepted 15 March 2020
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

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



2 H3E AN T F doe AHE HAT 9
o ol EAEL 1A 75 YA Edo| F
¢k, ¥}o] 28 39 (Pyrotechnics),
Z =, dojdll, 2FA BF AXA T 22 Al
de AR 2 F e 210e AFd
EH) F4 JduA EHL, ¢FvEA)
A2 FE(Zr), BEB), B2u(W), YANI),
EHE(Ti) & Th¥FstH, 34 AFgEo] §kg A
AsA o= A E Ak
(KCIOy), BHE I =0 E(BaCrOy), Trol A2 F
25 (KCrOy), AHSIE(MM)(FexO;) T2 Y
A 1A 396 FeH AFAT =2 AEE
A Fefo] A8 ASAE A AEE A
e Fejol v} A 7 By & S Uk
Aol glon, OHoE FA ALY F Ut
Ad-g 7HxITh
A9 &g duA -4 4kskAlE 27t
S-S 7HA T Qlo], FA- wat thekst
gEo AgEY d& =
rate)o] Fold Al Zr& FE ZoF T Bz
| B2 olyA7t Zad FFolA ALHETT =
Feje 1A AR EAQ ofAlol =3}
(NaNj)2 olojul A x'lef| A 7} WA HE
E4E FAo] JlAYE A>T 2~E
0.05% o|W=Z W= A AlZgoi(1]. €A
o, Ti, Ni, WAH Adido= w3&57t Hol
Ae 549 A A5t vhEafof ste 7t
A7 FXA, SRS AQAE AHEET2].
g, W23 4% B34S M EEY =
d T34 oyA E4& A AL AA=
Ak AAH AA = 2719 &2 FA4 §-Est
= primer®}t 1 AUAE FEANAFE, Zro =
o] Folxl H3A|, HIAZHEE dUAE A
of A A WS AAE AAFE, ZINiE
o]Fojz AAAE FA HAUth F AA#H
AAE o 2714 548 71 ZAA ot 1. g\

25 AFdFes

R s

o

i e o

32 30

= 0

BN

QE-§-4: = (reaction

2

oo M I
o o du it

to

rO
2
ox
of
1Y
)
i)
2
o
il
re
b
it
ol
fo 4
o b oo

(@A oy

9} AEAE o@l Az Byo] slsalor &
, AAZE B FolE A s ol Ago
Stw7L Aol weka 1 zhe]
2859 By 7)k(shelf life)Tt
| st AFE s Ay AT
Brian 5[3]2 KClO,%} HTPBZ T4¥
A 9] burning rate &7t FEol| =Z2H A 7ho|

H gl thste] Hudn sid =EolA F o

A A
o
o
o
=
o
By
_|>;
oo
rlt
2

3
5l
o

A4 ZEEKNO)H vavlEMg)E T
48 dolZHIY 29 k3l R dig 4t
A9 =Fo] Fo AUYE HHTL

E AFdAE Zr, FeOs SIOE F+A48 A3t
Aet ZrNi, KClO;, BaCrO,2 FAE A dA 9
3 g oF =3 I, 1= A EA
setnl g, 345t wWa), S22 W, =3he]
el disll o+FAT. H3kAl (igniter) 2t A A A
(pyrotechnic delay)= T4€E AA#L NeEE
Fig. 13 2t €3 F& o3 x=3d HE<
It F 439 AZ Usld, Differential
Calorimetry  (DSC)<}t
gravimetry Analysys (TGA)&®41& &3 ¥H& W
2](Reaction kinetics)& ¥3lom, I W3}t

F239th. =% Reaction kineticsE 53|

Scanning Thermo-

b

. \
Primer ——p=ye

Flame hole > 7
Igniter ==
Pyrotechnic
delay

F)
BKNO3 E
- =

Load pin

! 0

2 4
U X|mm|

Fig. 1 Pyrotechnic device comprised of Igniter and
Pyrotechnic delay.



M24A HN25 2020. 4.

ridl ZrNi2 FAE QX HA=e| =3 A3
Part 1:

> = = 3
Ut

3}¢] Q& X-ray Photoelectron Spectroscopy
(XPS)¢} Laser-induced Breakdown Spectroscopy
(LIBS) &£4< T3l 3gtxo= FAS AT ol
ATE T Zr7Ivte] oA EHo AeAst
b e 2 #¥e] &3, At 25 ol
yA =242 A 2ad FF =37 9 54
3 Wy 2 o dS5S WAnh =3, AkEkA 9
TR7F =3te] A f4olm, HapAleh A dA

h=
o w8 J=7} e 4 A= BTk

o)

21 AHE 24 9 w8 24
HetA ok AdA el =42 otef Table 137 2

o AFAE F2 Zrd Fe,0,2 & FA4H
Aon, AAAE ZrNi alloy®} KClO, I8
BaCrO4Z FAHU. AEE Am5E BF 3%
AAE Argstden, 27 & TFFe ds
(Zr, ZtNi)e] 7% 02wt.% °]4E dA d==
ZA39 3, 2HA Y] A9 1.0wt.% ©odES dA

WSS sk

Table 1. Composition ratio of Igniter and Pyrotechnic

delay.
Mass L w R
.« | Purification Size
Class | Component fraction
(%) (%) (um)
. Zr 41.0 975 53
Q
*é Fe,0; 49.0 98.0 45
& sio, 10.0 87.0 111
o Zr/Nis 8.0 9.0 45
fe]
D
S &| KaOo; | 150 99.5 75
o D
P2 | BaCrO,| 520 98.5 45

*Mass fraction error +3.0%, **Purification lower limit, ***Size lower

limit for 90% particles.
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Table 2. Aging conditions for Igniter and Pyrotechnic
delay.

Relative
Humidity

9 (%)

Pristine - - -

Period
Class | Sample type

(weeks)

Naturall
araraly Seasonal change | ab. 470

aged

Hygrothermally 95 08 8

Igniter

aged

Thy 11
ermally 95 i 8
aged

Pristine - - -

Naturally Seasonal change
aged

Hygrothermally 95 08 8
aged

Pyrotechnic

delay

Th 11
ermally 95 i 8

aged
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Table 3. Aging conditions for Igniter and Pyrotechnic
delay.

Reaction products by the

Class  Reaction reaction step

1st 2r\d 3rd

|

2 Zr ZrO,

EO Fe,0; FeO,
9 Zr

C .
< Ni ZrO, NiO KCl+
£, oo Kao. Kdoz J o
g5 KAO% g0, Bacroz
Ao BaCrO4

* x becomes (0<x<2), y becomes (0<y<3/2),

and z becomes (0<z<4).
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