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o

545 Ad AEe o Ao FREHAATG. d B4 2 35
HE-8-2] (reaction kinetics) & 7-317] $3to] Differential Scanning
Calorimetry (DSC) ¢} Thermogravimetry Analysis(TGA)E
A&l tE. Peak deconvolution = 3@l 2 A& ¥ WdE =
FA3HF o, X—-ray Photoelectron Spectroscopy (XPS)E
AREste]  gehA Rl EAS F3eRSITE. Scanning  Electron
Microscope—Energy Dispersive x—ray Spectroscopy (SEM-—
EDS) ¢} Transmission Electron Microscopy Energy Dispersive
x—ray Spectroscopy (TEM—EDS)E AF&3ste] Zr 3 Zr—Ni 9
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perchlorate) & 7|4t
FAA Ax Ae AdtE FESAH w=EFH Agto] nvldg st
= A7 dgiew  [8], AolEREWEd  EUEZW

(cyclotrimethylene —trinitramine) & 527} =35 AlA H#AS
5]

ol st A77F AL G [14]. 3503 AAHoR =
A FRAE Fd d2AME A Aol dojdties AT B
1% AT [15].

2 AFeA = TelA] AFEEE AAT A AEQ] wdlel gt
ATE SR AAR X Zre dEE S QA Zr-
S AEE e AAdAR T Hof
UAE SEAA AJAZ AUAE A
AAlE AUAoR = AAE T AT A Ax AFE
= stAl Evt. webA HsAlE= Zrdt Feq0s, SiO=E
AA = Zr—Ni, KClO4, BaCrO,2 A4o] dvh 2+ 3
SA o} AAAE w8 FH wet 4259 AEe] FnlEdth 41
o, 2oEA e OF, gl 8 vk xgte aF, 4% F
of oJaf 7k wstd 5, AAdA R wmshE Folth

Differential Scanning Calorimetry (DSC) 2} Thermogravimetry
Analysis(TGA)E %3] 92 7)€~ (reaction kinetics) & 3}
%11, Peak deconvolutions ©]&3Fo] w319 54 ¥H=E 7|HgA

W3S 939Gttt X—ray Photoelectron Spectroscopy (XPS) £}



AAlE  reaction kineticsE®E F3 ®=3}o] S FH3EG o,
Scanning Electron Microscope—Energy Dispersive x-—ray
Spectroscopy (SEM—-EDS) 2} Transmission Electron

Microscopy Energy Dispersive x—ray Spectroscopy (TEM—EDS)

5 E3l ol& glsta Tkt Nichrome wireE©ol-83to] 43
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2.1 A8 FH|

B o=Foq Age AFgE A ExE Zro]l oduxded H3kA e}
Zr=Nio] ofx gl AAAZ vt FsAE Zr 41.0wt.%,
Fes0349.0wt.%, Si02 10.0wt.% = FAFAoH, %5 14394
Pz =¥ Edoltt. AAAE, ZrNis, 8.0wt.%, ZrsNig
25.0wt.%, KClOs 15.0wt.%, BaCrOs 52.0wt.%%® TAEH,



DA TGSHE E5Ete] AT ZrNigd ZraNig A Z2A|
ARS $5te] AT wjgo] EFgE oy %V FEIHS
AZ Zr, Zr—-Ni) 2 A 0.2wt. %S 9A == 31917, AH3A 9
A9 (Fes03, KClOs, BaCrO.) 1.0wt.%2 4¥x U2 39
AgR 7F ARe] ek Abol = Lnl obg] X 1o YERIYTh
. o A% ¥ &E Apo) =
(%) (%) (um)
. 7r 41.0 97.5 53
=
o Fes03 49.0 98.0 45
&0
K SiOy 10.0 87.0 111
Zr7Nis 8.0 96.0 45
%‘J ZrsNi; 25.0 96.0 45
= KCIO, 15.0 99.5 75
BaCrO, 52.0 98.5 45

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

limit for 90% particles.
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D2-1°lA D2-4, F&7t&5wst Al
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95 °C, RH 98%°lA
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HatAl e} A AA

L X1 2y |
== "7 ot ERF
SR H er MEE w77t k3t IR/
['C] [% RH]
11 - - - -
12-1 Seasonal Seasonal 7 years XFOI 1 5}
12-2 change change 8 years -
13-1 2 weeks
— 13-2 4 weeks
= 95 0 g
& 13-3 6 weeks
KO 13-4 8 weeks
14-1 2 weeks
14-2 4 weeks
95 98 % T
14-3 ’ 6 weeks T
14-4 8 weeks
D1 - - -
D2-1  Seasonal Seasonal 7 years Xl e 3
D2-2 change change 9 years B
D3-1 2 weeks
— D3-2 4 weeks
= 95 0 W o
8d D3-3 6 weeks
K D3-4 8 weeks
D4-1 2 weeks
D4-2 4 weeks
95 98 % T
D4-3 ° 6 weeks T
D4-4 8 weeks
E 2 HAAYG AAAY =3t 20E F7)
FH, 9 7k w3 AEZO AS, ALolA w3td ASse
ZIZbow A %S & 5 gl ueke el vk 1% van't Hoff



equation[14]& AFg3sle], 853 A w3ste AsA|el A AA <
Ao A st 73S Fek e AREE A& ofy 242.1%
FAgwy

(Ta-Tn)

t, =t4"F 4TF /365.25 (2.1)
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A
21 2004 E.= 843 duAE gulsta, RS AT E
ojujstrt. £ A& FEl et HskA 13-4 ARolA oF
149.70d el dfigshs 71bEet wstE Aow uEhskal, A A
D3-4° 7% 131.60de] aiFst= 7IbEt w=3td  grolt

2.3 A% 4y

2.3.1 GEHo 7|utet d 9 = B4
AdeF B3 2 B A8 METTLER TOLDEO AFe] DSC

3+9} TGA2 & o]&3sto] FHAY. A5 F2 oF 2~dmg &



AHEEFAATE O 718 AY 8> ASTM E698-18 [15]1S ufe}
Fastoitk. ASTM E698-18 & dwrdo=m o 24 23

AR AF 1E% 25 FEeD Ak

2.3.2 ¥ tAEZAH (Peak deconvolution) ¥ &dF 37
dnitdow 4 4 7Y T TS shehnke S @l g wkee

oF WIS H FL AT oy HhEe] o WY s F4
J | A% peak deconvolution & AFgste] 71E
Hhg-of oist z21& Aol 7hsstrh weka 2 AgelA s, AKTS
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2.3.3XPS € T% 33 &4

AstA et AAAY FerAel A W3 FHS Y8 XPS =
THsFA T AFEE B EE Kratos Electron Spectroscopy for
Chemical Analysis II(ESCA IDo]H, 0.48 eV ©]s}9 #dlss
7hz )
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0.3mm ©]i, DC A EetelE Tl ouiAE FdF8sith
AgA= oF 40mg o AluE &Fvg Z=7H (crucible) ol ¥ o
Agpspla,  AdAE= 100mg 9 ANBE &FuLt
L7 (crucible) ol Wol Agepgitt. %1% b2l Phantom
V711 & %38l 100 fps, =&AIZF 10us & A4 A4S FHs8h
Filetel g A EEtol= st 9] E

Al FFo] FAlel o]FAXESE stglon, st Az EYA

g
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3.1 GEA ke 4 2 FF 84

AatAlel AdALl AR 7] weAS #sy] §stked,
DSC9 TGAHRS FIdster EF 10 C/minl® LS
2ol AFo] FAENI, HAspAlt AAA BF FUg spline
baselines A&ttt H3kAl 110 thst A= 19 1], A dA
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" 34, 303 °Co FAREEE KCIO.o AA 7= W3}
ZIigtk [18]. ald SRt 7MeRbgo® Ao ®w FZob&
A9 A 7kE A oAl FEt [19]. ol 1% step¥ 2™
stepold = KClOw7F o A3 EAaAqE 3™ stepol A+ KClO47}
2E s H9Se owstth webA 27 stepd] 7 WA @A
Wk = Region 2 HaWs2 KCIO47F KCl+0.7F & v sh=
Hhg-o® dfAo] Hrk TGA 3t A% HAE Ho ol #
ekt $HH Region 19 wEnbe: I¥ 2¢93o] W33Ss
Kol 279 wednkg-o® uwi=dl, o= Zr¥} Nio] 742} st
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oelx Qltk [20, 21]1. Wb AAAE Zro] WA WHEEtal, o] %

11 :



Ni, st gl Felshd ¢ KCIOwt slsie] was
wgoz vehd & glu,

rir

3.2 ¥ YALEFH(peak deconvolution) 3 LEHF
3

3.1 3k ZF 49 wsle] wE Nk WHIE F24 617
98ty AKTS  softwares 83+ peak deconvolutions
T8tk AFEE DSC signale =3} T7HE 7 shd AEol

deto] Fadglm, Aol A9 g wedde]s] wEol

MHd

W= 9] peak deconvolutiongle] Z#HZE vrepich dys= 747
a9 49 a9 5o yERTh
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3% 4 AEA 9 =3t B9l DSC 23
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9 5o AAAE= F 3709 wHENEEo® Yy =d, 3 HA
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800+ Peak Total A3}
~—~ eal otal PSRt = 2 S
D 600] . o RSt
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3.3 XPSE 53 3s 4

a4 83 1™ 9v= AFstAleh AAAll wiete] F3E XPS
daE BoEr A= Zr& 71 oR ZrOy (0<x<2) el thato]
24 #HEol Hda, AtshAl Fes030 tistodri= FeEd 7o Z
Fe:038} FesOuol e =4 HES
e T AdAl= Zrdt Ni, Kol st 24 &S F3881 1
A%E 27 9ol deRllth. ESCAIL 71764 A2 0 & peak
deconvolutione T3, peakE THato], ML Al glo]

Arge g,

Zr0,/3d5 Fe,0,/2p3
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" pSieloy
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2 2
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a3 8 AZA Zr 3} Fe o] i3t XPS 23}
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a9 9 NAA Zr, NiF Cle] dig XPS 2%

3 89 AH3tA A= Zro A%, binding energy’} HolEFE
et AErh AsiA s, AAwdt 12-29 R [4-4004]
ZrOq° dFshi= 186.0~187.0 eVOZE peak®| ©]&3sh= Ho]
#HZE YT FAIOl ZrOsel HEst peak?l intensity 7} =3hE A
2 I1e] mlal FHastth ®bdel] A3}t I3-49M = ZrO.d A o

ol x] okgka 9E= calorimetryA I (1E 6) 8 FH dA =
ANE HojFr)

HAatAe] AEkAIl Feoll thdt A B oz w3le] wE
AEtAe] el AEE FAT Stk AbgAls 27] Feq0s8)
Fe;O42 EA8=4], Fe:03:= %7] 710.9 eVelA 710.6 eVOZE
binding energy”t &A=, AMSIE7E Ao 45 & binding
energy @ o & olsdnt. webd, w3to] mE Fes039 ArstEr)
ZropAl= Zlow #Rlo] Hm old LS 12-29 I4-40A
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Sample type Layer Depth diffusion
HM3lA| D1 Alpha-Zirconium, Zrs0 8.8nm 8.8nm
Monoclinic Zirconia,

M-Z10, 16.4 nm

HotA D2-2 Alpha-Zirconium, Zr;0  17.2nm  47.8nm
Oxygen 14.2 nm
Alpha-Zirconium, Zr;O 16.1 nm

HotH D3-4 23.4 nm
Oxygen 7.3 nm

® 3 AZA Zr 9 FFT & T8 A3 24 729 44 FF o]

d-spacing Crystal

Layer (nm) (h, k, 1) Phase structure
0.1677 (1,1,0)

A Zr Hexagonal
0.2556 0,0,2)
0.1704 1,2,1)

B 0.1398 (2,2,0) Zr;0 Hexagonal
0.2561 0,0,2)
0.3888 ,1,1)

C 0.5079 (1,0,0) Z2r0; Monoclinic
0.3313 (1,1,1)
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Abstract
Chemical/Physical Aging of Zr-based Energetic Material by

the Moisture and Combustion Failure

Byugnheon Han

Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

In this study, the aging characteristics, the combustion performance
deterioration and the combustion failure of the pyrotechnic delay used in the
army are discussed. The pyrotechnic delay consists of a igniter which mainly
composed of Zr and a pyrotechnic delay which composed of Zr-Ni alloy. The
analysis was performed on four different aging characteristics samples.
Differential Scanning Calorimetry (DSC) and Thermogravimetry Analysis
(TGA) were used to obtain thermal analysis. The calorific value of each sample
was tracked through peak deconvolution, and chemical analysis was performed
using X-ray Photoelectron Spectroscopy (XPS). Surface analysis of Zr and Zr-
Ni was performed using Scanning Electron Microscope-Energy Dispersive X-
ray Spectroscopy (SEM-EDS) and Transmission Electron Microscopy Energy
Dispersive x-ray Spectroscopy (TEM-EDS). Combustion experiments showed

the burning failure clearly.

Keywords: Pyrotechnic device, Igniter, Pyrotechnic delay,

Aging, Ignition failure

Student Number: 2018—27519

30



	제 1 장 서 론
	제 2 장 실 험
	2.1 시료 준비 
	2.2 노화 조건 
	2.3 실험 방법 
	2.3.1 열분석에 기반한 열 및 중량 분석 
	2.3.2 픽 디컨볼루션(Peak deconvolution)과 발열량 추적
	2.3.3 XPS를 통한 화학 분석 
	2.3.4 SEM-EDS, TEM-EDS를 통한 표면 분석 
	2.3.5 점화 실험


	제 3 장 실 험 결 과
	3.1 열분석에 기반한 열 및 중량 분석 
	3.2 픽 디컨볼루션(Peak deconvolution)과 발열량 추적
	3.3 XPS를 통한 화학 분석 
	3.4 SEM-EDS, TEM-EDS를 통한 표면 분석 
	3.5 점화 실험

	제 4 장 결 론
	참고문헌 
	Abstract 


<startpage>8
제 1 장 서 론 1
제 2 장 실 험 3
 2.1 시료 준비  3
 2.2 노화 조건  4
 2.3 실험 방법  6
  2.3.1 열분석에 기반한 열 및 중량 분석  6
  2.3.2 픽 디컨볼루션(Peak deconvolution)과 발열량 추적 7
  2.3.3 XPS를 통한 화학 분석  7
  2.3.4 SEM-EDS, TEM-EDS를 통한 표면 분석  7
  2.3.5 점화 실험 7
제 3 장 실 험 결 과 8
 3.1 열분석에 기반한 열 및 중량 분석  8
 3.2 픽 디컨볼루션(Peak deconvolution)과 발열량 추적 12
 3.3 XPS를 통한 화학 분석  16
 3.4 SEM-EDS, TEM-EDS를 통한 표면 분석  18
 3.5 점화 실험 22
제 4 장 결 론 24
참고문헌  26
Abstract  30
</body>

