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b AWEn. w59 QA 546 o@ s 9L
gotst7] $9]3H, International Confederation for Thermal Analysis
and Calorimetry (ICTAC) X< w2} Differential Scanning
Calorimetry (DSC)% Thermogravimetric analysis (TGA)E
ARgditt [12]. A7), Field Emission Scanning Electron
Microscope (FE—=SEM)< AFE3le] w3l 13t F4° A Wl
APyt 71 tgel, ICTAC xS ug, 7|HEgAEs 74] Fek=t)
DSC tlo|E| & AHE-Fv [13].
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2 AFef AFEH viavleEs 1% (99.9%) ¢ 40 um (US
Research Nanomaterials Inc.) ¢ ZA7]E 7t &5 =Y
2ol MSE izt #0 W3} #1 3—week aged; #2 5—week
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1

C{]‘_
vl FasE S AR

2Mgi) + 02 — 2MgOy) (D)
Mg + 2H20 — Mg(OH)2 ) + Hz ) (2)
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#P—-95-10, #P—-95-20, #P—-95-60

Aged #T—m—n

2.2 FE-SEM

T A BF AE B2Ws A8 984 FE-SEM (JSM-—
7800F Prime, JEOL Ltd, Japan) oA €2 SEM o|n|A|& A&t}
SEM o]ux9] E&se 15 kVelld 0.7 nm, 1 kVellAd 0.7 nm,
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A Sk o ARSIt
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7t g o, 100ml/ming] AAE F5 It}

He-de DSC Zezsl o] Akl Afo]  dolE AE-5fo
pzs
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HiE Qxt (A 22 7IbU"gAs Adtsted ARgdd (1.
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(OIt )ei =IN[f(2)A, RT.. (7)
2l (6)L Arrhenius 2l 7|HFo® 3 wkS &HxAowg =X}
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Abgstta ZEAsE, 2 (7)) gl 2 ()& AFEE 4 Stk &
A= AT & KT AT WFel, A (8)& AHE R
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e 4 9tk oA wsh AN ] Fol EAlS: Ao
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50pm S50um

a¥ 2 vtavlE B399 SEM 2 EDS (a) Hlx=3F (BZ #0), 28] (b) 25
weeks aged (A= #3)

3.1.2DSC A%

WA, ke 712712 Zs Eu Ak 94 wAdth 1 o),
AR 18718 A 3ol Al wawt 19 3@elN B £
gol, Bl vhadl4o WA wge wW e ol A 2
R gk a4 EW AL 500TeIA sl Az dkue,
T} Ashe o L L% 608TolN FANA AR

4k el i A4S es, v G A dee
w3 8 9 49 F Uk 19 3ol HERel, A%
i HEE $1-DE Alge] Aold4 Wz erst adt
Age warh 53, Wl wgh AEE #1, 2 wwg Aze
A W wkgo]l AuAow AP o ARt w3
BESIAE mo] Abal Bub ok B ABE AT e
aevh Mgol 25% ol wmaheW, Algh wrgel FAW /1871E
Mm% 20)F FH, 37) w8 BEES Abshuto] Mg
Qo] EWe fAs AYe 2L AT F Ak oS ®w



(@) (b)
0.008- DSC data 180

Oxidation of the Mg core with O, — () .
— —Total peak ‘ 1504 = = #1 fj-,
0006 - - Peak #1 ~  =--#2 "
= - - --Peak #2 §’120- 43
2 0,004 Z 90
= Oxadation of the sk é
-_2 of the Mg particles . . _ = 60
2 0.002 Z .
~ 30 1 .z
0.000. Pristine Mg (#0) " . 0 _-—ld;'::-. \‘
£=5°C/min E5°C/min
560 580 600 620 640 560 580 600 620 640
Temperature (°C) Temperature (°C)

3.1.3 TGA A3

Mg abst #4224 (D~@) 2 2o [15]. =37t BEFF,
Mge W7l 59 AtA @ 23 {Eg3ste] MgOf Mg(OH) &
ettt TGA A3 Atshy Mg(OH)9 #all 2 AR ®istE
shelstr] flall Aok 2 (1) (2)&= mtadlse] 79 7] 9
Aba /g R3 wES-ale] MgO/Mg (OH) .2 Wslals= 3ol A (3)
2 (2)Z5E A" Mg0f dF7t i wkEEte] Mg (OH): &
A= Fgoltt. a9 4= 3C/minolA $3® TGA A=
HolFrh I7 49 HE dhA koA & A5=ol, 300C oA
TR SR s Mgel Aol AMAE] AR, 300T o] /delA
Mg(OH)29 w32 A3 T4 A= g7 AP [16]. 4
(Qelr B 23 HFS A7) w3 AEZA F=HEAA
UERSk T (#3, #6).

pS N -b'
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Mg(OH) 2 55 — MgO) + H2Oy (9)

<57F 600TCel =9std, Mg Atbstz g Ao 548 77t
AT B, w3kE QIR Mg absEe] o b dliel A
A~ 3

o
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deEC #Hadhe ATFE M Adrh 97 w3 AEE (#2
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3.1.4 Kinetics

Agsto] Aakgith Ad 2215 1#3le], 0.05~0.959] WS
xH P [13].

B AFoA 7yl 2= DSC Ae] Friedman S73d3HY
I:H
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2 (10) =2 F=2 %3
AUIA 7 HIE Qlzpe} =
syl o x 9} AL

21 gkol obd el ek, ol w
Fe b3S vl

logA, =aE, +b (10)

Mg7h & 3bd ), Mgol F¥ SR wgate 34 (e A (),
(8))0] FOlET oA viadl% FABHEY Aol Fashi, Mg
Qb Fel gE Astutel grobRg owath 1 A3z, o
Shobel Alshute a8k wrge] B Fandn, v,
A w3l MEES QSR w3 AEEC v

R,

E 4. A4 £ 100ml/minel A Hd 843} X

w3} B Sample # &3} oA (kJ/mol)

H -3} #0 563.79
#1 669.13

e w3} #2 657.71
#3 1147.88

#4 541.39

o 3} #5 581.99
#6 1154.38

2 AFA B3 AR5 BXE FAFSH, Moser et aloll 23|
Ak &3 oA = whgE©] 0.55°14 186 kJ/mols 7Rt [].
2 2 A vt A5 el s A 70% #AaT FA=E,
7k Zde 7]Q1sk Aoty Moser et al> A4 7] (O :
20%, Ny : 80%)E 60ml/min® 2 FgF3gt vhdef] £ A4 &5 Abh
— 1
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ZhANrS ARSI o]l S B vhaulg-Ata wES ¥k olyE)
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3.2 MTV
3.21 34 24
%8 62 a#E B MTVE SEM oju|xolx, 13 72 A
EFY] MTVS SEM olujxlolt}, 18lE B2 SEM o|u|x| oA+
=3} A5 e} FEE zolE whAS 4= Il AR, HAE ERgle
Ad Fx mE dshyt 2A4gY. AE P-0-602 AE PPl
s Aeky] 22 Fao] wol TP, A FE7F moldsE
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a3 7 2= g9 MTVE SEM o]n]x]

a9 82 adE 9 ¥ el e EDS Aiolt). HAFE 3H7 of A
wsbe AES AR 257} vlesh Awsk 2 Aolsh gtk s
g5k 33 RH 70%, 80%, 95%) A w3ty AMEE5L2 vliuvls
TASE S FAdow Qs AbA vlEo] s F7HElar, o] uhet
nl7dlE HEo] AT ok HEES g3t o] wAlste] @A
e A PP
() Granule (b) Pellet

100

80
z &

404

20

o G-P G-0-60 G-70-60 G-80-60 G-95-60 X P-P P-0-60 P-70-60 P-80-60 P-95-60

I Vi I < I o I © I Vi I I o [ ©
¥ 8 MTVE EDS 2% (a) 2dE 8¢ (b)) 2 g4
3.2.2 DSC A3

MTVE 600C o]de] se] &
7HRE WA, A (1D)E Yed 5 9=
Hk-S-o] @At} ooz 2] (12)2 yepd 4+ Qe pre—ignition

13 , ﬂ 5 s ]| {11 T



reaction (PIR)©¢] wAystt}, mpx|uto 2 condensed phase°lx MTV
AL7E @Sk, oA A (13)3 (14) = yeld 4 gl o}
2R PIRS

Aes mtv 4 APAS 713, condensed
phaseclA MTV A4% vwtavlg ¥ HZE A4S /M

(=CoF4=)n tiquia + Q 2 nCoFy g (11)
Mg + (—CoFs=)n tiquia 2 MgF2 () + (=CF=CF—)n tiqua + Q (12)
nMg) + (—CF3s—CF2—), 2> (—CF;—CFMgF—), + Q (13)
(=CF>—CFMgF—-), 2 nMgF, + (-CF=CF—-), + Q (14)
a¥ 99k 1% 10> 24 adwE ERly AP ER]le HEE
S&o o3t FY wrsolt}. tHFdt oA w3ld MEESS W=
AEo] vHlE &4 wbgo] SUkst A& Elgt = k. &5 vlulE
A dyE FE, vtadles tsst dHolA wItE HEshd
nldlE FAkskEe] AFES #Eddd 4 QG o] w AgAdw
vl vl FARSEES oF 300C  FZolA F& HESo]  HRAyshrl
webA] thget A w3t AEES vladlg FASE Y IR
sl T4 Hbgol AA F7Fstoh. HbdHel, AFsE oA w3tE
MEL vtadlg FAakstEe Aol ALY §l7] wmel Hlx3F Alset
FAPSE 59 WSS HAT B w3} 7|3Fo] 1094 209 = W skek
R 20404 609E viE o, 54 wEgo] AA F7HT o] A
AF 71 s A EE vlulE FARSHESY] ol AdEl SR
] it-o] t}
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(a) 1- Granule
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(a)

1+ Pellet
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Abstract

Understanding the change in
properties of metal fuels under
various aging conditions

Yejun Lee
Aerospace Engineering

The Graduate School

Seoul National University

Magnesium is a widely used material in various fields. In
particular, magnesium is widely used in the form of a compound or
mixture. While its performance degradation when exposed to
various storage condition is expected, the clear aging
characteristics have not been explained in the past. Hygrothermal
aging changes magnesium into magnesium oxide and magnesium
hydroxide, forming an oxide film on the surface of the magnesium
particles. Since thermal aging forms a thinner oxide film than
hydrothermal aging, it has relatively high reactivity. In addition, if
aging is prolonged, the oxide film completely surrounds magnesium
particles, which makes only core oxidation occur. These results
show that magnesium is vulnerable to moisture, and long—term
aging completely changes the characteristics of magnesium.
Extending the vulnerability of magnesium to moisture to MTV,
magnesium hydroxide formed by hygrothermal aging weakened the
exothermic reaction of MTV. In addition, the deterioration of Teflon

due to the high temperature environment also weakened the

3§ 53 17
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exothermic reaction. Thus, the present study identified the
enhancement of reactivity of Mg subjected to hygrothermal aging

and mechanism of MTV performance degradation.

Keywords : Metal fuel, Hygrothermal aging, Thermal analysis,

Reaction kinetics
Student Number : 2021—-26364

24 -"-\._E ';:'1..5



	제 1 장 서    론
	제 2 장 실 험
	2.1 시료 준비
	2.1.1 순수 마그네슘
	2.1.2 MTV

	2.2 FE-SEM
	2.3 DSC
	2.4 TGA
	2.5 키네틱스 계산

	제 3 장 실험 결과
	3.1 순수 마그네슘
	3.1.1 형상 분석
	3.1.2 DSC 결과
	3.1.3 TGA 결과
	3.1.4 Kinetics

	3.2 MTV
	3.2.1 형상 분석
	3.2.2 DSC 결과


	제 4 장 결론
	참고문헌
	Abstract
	표
	[표 1]
	[표 2]
	[표 3]
	[표 4]

	그림
	[그림 1]
	[그림 2]
	[그림 3]
	[그림 4]
	[그림 5]
	[그림 6]
	[그림 7]
	[그림 8]
	[그림 9]
	[그림 10]
	[그림 11]
	[그림 12]



<startpage>7
제 1 장 서    론 1
제 2 장 실 험 3
  2.1 시료 준비 3
   2.1.1 순수 마그네슘 3
   2.1.2 MTV 4
  2.2 FE-SEM 5
  2.3 DSC 5
  2.4 TGA 6
  2.5 키네틱스 계산 6
제 3 장 실험 결과 7
  3.1 순수 마그네슘 7
   3.1.1 형상 분석 7
   3.1.2 DSC 결과 8
   3.1.3 TGA 결과 9
   3.1.4 Kinetics 10
  3.2 MTV 12
   3.2.1 형상 분석 12
   3.2.2 DSC 결과 13
제 4 장 결론 20
참고문헌 21
Abstract 23
표 목차
 [표 1] 4
 [표 2] 5
 [표 3] 5
 [표 4] 11
그림 목차
 [그림 1] 2
 [그림 2] 8
 [그림 3] 9
 [그림 4] 10
 [그림 5] 10
 [그림 6] 12
 [그림 7] 13
 [그림 8] 13
 [그림 9] 15
 [그림 10] 16
 [그림 11] 18
 [그림 12] 19
</body>

