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Time dependent slow propagation of pre-existing cracks
is one of the most important failure mechanisms of brittle
materials. The double torsion is a very useful technique
for determining the slow crack growth of a material
due to its simple geometry and extensive stable crack
propagation over a wide range of velocities. However,
its application needs cautious procedures to correct the
stress-intensity increase with increasing crack size and
to correct crack velocity with crack-front shape. In the
present study, the slow crack growth rates of Y;03
ceramics as a model system were determined through
the load-relaxation using the double torsion method.
Firstly, we obtained the compliance curve of the
specimen with the crack size. And then, through multiple
load-relaxations for the same specimen, crack velocities
were determined, and the stress-intensity was corrected
to get a unified K;-V curve. Finally, the fracture surface
of the Y;0; ceramics was examined depending on the
crack growth speed, showing the fracture mode changed
from the intergranular to transgranular fracture with
increasing crack growth rate.
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At Ax7)719] 1453 @ 1 HA3} Eo] gk 1E3H]
9 oA ofel F4S Iet ZA ¥ieA] 412 37 7% o]
Q7= ek oF ol wheA| 417 AL A1ZES Fistel
Ay 3 AZES Faskole 212 (04000), 242 (-
100C) <] FebgolA HYsh= Zo] fist tigtez 7|
b 232 9 242 417 275 AulofA] Yo|HE QPgFHoR
175t o)A Z & Qe Al BHHL 7 Fas d4
HEzoz yrhhty Qiot. FHAL Alety fAA el [7]F A
F& o]gsto] golHE 15| wiEo] AAH] s 4
Aol A, AFrHsts 2g [71H B4 9d 7+
2 TS oA Hk wEhA ZA 417 358 AL B
g7t 4 24 B E 93 212 2 2A4L S0 Aty
SR A e W74 B B4 Wio] vheA] "asith
SRR AA7HA] A Ak A1) A7) B4 BAHS oiR
B AA2(~250)00A SA=olga FHE 95 AAF 17
B4 B4 2" F5ER] Eve eAEES 7L ok
E AFolae A A7 348 AHE BE] A= ks
Aol AA) ARk 232, 242 S0 9] AlFA Qe A
U=y A7) B4 w7F AlagE Bao] tis) Avfskarat sick
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PG3B-3 | 3A1 A&AY oz HE A =29 Polycarbosilne
A& B3l 9y 547} §7] Fillerr} 9ES] B30
Ho] "X = FF
AR Axs] Aol AsZ!, o], *olgF!
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PDC(Polymer derived ceramic)= 18X EHS AFA2H
GE5) G AA Aoz Aol 3HS A=
TEA] RE5EAES ol8oto] Tkt Ao s Jgol 7hetiE
2, Z9AE 4y 34E JE8T 5 o] ELS Y8R o=
188 At 4g3Ao] 7= ALE S5 & = 71€0]
t}. PCS(Polycarbosilane)= Si®} CE FH0 & ol F7|1E
A2 Sico AFA E49ld, PDC 7|42 Ade & = 713
HEAQ dolt}. oyt F7] 2EA} +2E 7HA]+= PCS+=
GEof THoNA FFo] FAsk=T], ol gt Md= P E
FEUES Ut FEHPS JFEY 70N IFS
H|R]= Ao ofe}, FEH, 7|24, I} -2 23 4
gttt kA o] & Alojsl] fste] YRS ¥ 4 JEE
gheslal, GES) 24 AT a7t ok I8, o] G4
g Ao SHA7| Qlomg THEA B £8-2 o))
Hoto] dejE ARRT 4= Qe 7] el gl Al dAok=
712 BT |42 Alojo] =R Fof 2F At &2
oA HAAAZ = ot & AFoMe FRFHAE 0] 8s
o] PCSE AFAY st%=tl, o o Alztel 2371 43EY
FEof o uX= FFE DAt ofct. PCSe EEFS
TG-DSC, DIL(Dilatometer), 1-2d 0|73 o]-&35}a] EA5}
Ao, oF 46.9% 7FF9] SiC B2 71t AP =0l Hish
Ae dA8 249 Wt X-ray &7} SEME 0]-85}0]
FEHY Asd EAFLS skl

PG3B-4 | H3t¥ E4Jo] &1 geopolymerg WEFALE
st AR 534 Az 9 o9 ¥4 W7t

oj¥A AlFE!, FHFH3, o]x L3, 0]§7)? *olgF!
AR e, HEAASE sty St A
AR7dst EdAle WEZAY FFo| wEk FRP(Fiber
Reinforced Plastic)?} CMC(Ceramic Matrix Composite)
2 FEEH FRPE 300C v|9HojlA], CMCE 1000T o/goflAl
AREStE AS HHog2 7ido] ol gt Alkali active
cement % 5R1 geopolymere THE Algtd] siEZHA 4o
H|5l v w4 A gstal 1000T H|§E 2Zof| A AHE7HESHt=
7ol ok FolET 75732 7 H3} 7150] Qlof HiRlH
& AME7E Stk kA hand lay-up 3ol 7Hsgte],
o] A] vy AHAHCE i CMC ARE 7FsdHA sk
f1lojth. Geopolymer®] /442 9= wigH]of whe} Sk
9] E4o] Z2A== AoE LA YA, B, B3] Ut
EAE 3R] YsA= geopolymerization ¥H EA T}
o|27 ¥ F4== geopolymer?] BFeHa E4Jo] Fa3t 2rlo]
Hrh 718 dollie ¥ 2=2F AR, aging AlRF 5= Alofst
o] Yot 54901 SE3 geopolymer 4 54 2d< SHE
v itk 2 dAFolM s, A FHE 279 geopolymer?}



A WES ol-8ste] 23/dF58HAL vacuum bagging *HO=
A BaAE Az o H3kado] A =t 4F
w42, DS AR 242 AAlste] ERlskie
o, SFAIRE AAlste] A9 e S54S B S
= AIAE A 71A1A 242 Brtston, 37t Al
03 9Hg FEFoRN A 54 FH
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Ultra-high temperature ceramics (UHTC)S =3t S04
9o Mg Z A%} o5tal 7|AH E4S GET ¢ = AE
UHTCY] /B2 Fa-9-F A, 18, AL 7€ SHojA
83 ol¢r Z stuth. UHTCY ¥H/E+ ZrB2, ZrC, HfB2
4 HIC 5 HASIEA Alztdleg d=iA qlot. 1 5 HICZ
A A, Ast A I9a 12 A o] =1 A=t
AL E3 w2 Aot B 1EAE HAFAR Sk AlgH
AzHE 2l PDC(polymer derived ceramics)E ©]-&3t A%
W du e 2 AEA Aetule] s Eo] ghot,
i UHTC A7A19] 7ide] tigh 3hilo] ohA] s=olRHA 3
e Z2A3tol TEE A 237 SRStk £ dAollA
+ Hf-amine HIREE=E 08519 condensation ¥F= 7%
O =X HiA TEAE AXotH o, 12 A st HiA
Al o 29| AREALS gRlstalA} 51Tt Spectroscopy
BAE o]85to] Bk oA Yeh= 24 WekE Tt
Ao, 548 v A9 &8, &l 542 245t
GEAY A5 AATFOZN A4A 9 o E4S H7ota,
HICR9] HIEL S gelstalnt.

PG3B-6 | C, SiC #7P} vrg42Z whelg49 vA|Fxet
SiC ¥ B12(B,C,Si);9 FAdol ulA& FF

A", g, gy, abgg!

Riasl7| &A1Y, Y ey

oA (BC)= to|oEE, ¢-BN 208 &2 Ar o
U2 AQ] HofollA Wuii FFolu A Hiet fr2H 5-&
=3 Qlt}. BC &A= 2 5723 E422 2100 € o9l
T200A AR & o, w4 E H@3HEARBBO)= 88
Sig e Wlog Aizog Si g4 olate] ALofA eels
£2/Si BEZAEE AxsH= TG0tk RBBCE €8 Si d&
S04 B4CF 88 Si9 WO & Bia(B,C,Si); & SiC Aol
FAEH, AFA W C € SiC A7) wek Bio(B,C,Si);, SiC
A g4 9 uAERrE 2 A yepdh B Aol AE 45um
3719] BCE EHYER 319 1500C, AF 71004 8§
SiE 3087 &3t RBBCE A|xstgeH, C, SiC #7H7t
RBBCY] wA|FEx0f| vjA]&= gagol| Tsto] AFalict. C H7k=
B4CS} &8 Si 7+9] ¥h3-2 AA1A B12(B,C,S1)32] 4ol
AAaEAoH, SiC d7H= B12(B,C,S1)39 BAole 2A IF
S FA 43kou RBBC W 449 SiC 239 2718 TAAH

o

PG3B-7 | The Effect of Ternary Oxide Additives on the
Thermal Conductivity of Pressureless Sintered Silicon
Nitride

YING Liu*? *KIM Ha Neul’, PARK Young-Jo? KO
Jae-Woong?, LEE Jae-Wook?, MA Ho-Jin?, KWON Se-Hun!
'Pusan National University, 2Korea Institute of Materials
Science

In this study, in order to improve cost competitiveness
in manufacturing silicon nitride substrate, silicon nitride
ceramics with moderate thermal conductivity were
developed through pressureless sintering process (1 bar
of N») by means of adding four combinations of ternary
oxides. The sinterability and thermal conductivity of
silicon nitride with different additives were studied. It
was possible to improve the thermal conductivity of
silicon nitride by applying ternary oxide additives
compared to the binary oxide additives. The binary
system showed poor sinterability with a relative density
of 91% or less at 1750°C and low thermal conductivity
of 55 W/m - K, whereas the ternary system showed good
sinterability of 98% or more in relative density and 73.1
W/m - K depending on the composition even sintered
at 1750°C. As well, excellent thermal conductivity of
up to 86.8 W/m'K was obtained in the Sc-Y-Mg ternary
oxide composition sintered at 1850°C.

PG3B-8 | Optimization of Ca additive and sintering
condition in the transparent MgAl204 ceramics

*KIM Ha-Neul', PARK Young-Jo!, MA Ho-Jin!, KO
Jae-Woong!, LEE Jae-Wook!

Korea Institute of Materials Science

The amount of Ca addtive as well as the sintering
condition on the in-line transmittance and the flexural
strength of the transparent MgALOy4 spinel ceramics were
optimized. The Ca segregation limit of the grain
boundaries which induces the unwanted secondary
phase and abnormal grain growth in the microstructure
of MgAl,O4 was correlated with the average grain size
of the hot isostatic pressed MgAl,O4. It was confirmed
that the decreased area of the grain boundaries induced
the higher Ca segregation, hence the secondary phases
of Ca;Al,O, were generated. The optimized condition
with 800ppm of Ca and 1500C of hot isostatic press
resulted over 80% of in-line transmittance and 300 MPa
of flexural strength simultaneously.
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PG3B-9 | PCSEHH {4 SiC TS B 4234 ¢
CMC(Ceramic MatrixComposites) A%

AL, W AR YL EE! AE!

Adigw

1A% At B3k & (Ceramic Matrix Composites, CMC)
12 9 19 3o A AT YW ES 85k ThFEt
& BoloA F8% ARZ AAEHI ot B AFoA=
olycarbosilane(PCS) AFAZHE FH SiC LS AR
o] B4 CMCE Azxsta, mA|#2F, 7|44 E4& 24
B7lstdeh. PCS A4 8 A A7 = 342 S5h
Si-O-C7} x84 SiC 282 ARt e, o] &% SiC
283 S3tekal At A st CMCE Al=sHeh Al=d
AZAY A &4, 24 2 9 nAEx B4, AR 2E4S
98l H]AA A7], X-Ray Diffraction(XRD), FE-SEM(EDS)
£ Z8olAtt. ALFSAITL, AR E, A YA T
A2ZAASE FRlste, HH9 7AH EHS GET 5 U=
ZAL =&319. AyH o PCSEEE fH SiC B
o] 8ot @2 koA w2 Y E 7HA= CMC Ax3389Y
7Fs/3E& ERIE = Stk B A7 U A 71&E7FA(E]
U ZQ18 R4, NO.20214000000480), 7| &&= 9]
WA A S Y AE A DARI(DCL2020L), F=ATLAT-TS:
£(202300820001)9] A|¥& o} =3H AFJY.
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PG3B-10 | oI55 ©ZHS A& A2 o] &3} vAUSE
A2 olAGNE, o3, FAl, *o.gA!
B2y, trgdste, JAsaEE

G219 FE)(Thermal barrier coatings, TBCs)S 11-29] A%
2G04 ZEAER XS 5t e BE €4, 7144
E/40] AstEl= A dAIsH] Hoto] FE29] EHe) &H-gH.
A8 G| I AR RA 45 71A1Y BT F2 GAEE
£ 7IA= olEgol AT AZFYoKYttria Stabilized
Zirconia)7} AFEETL UTh I8 Y 1200C o)A+ L oA
YSZ= 3 HEjo] Qg Bu] Halrt Wit o]= Qls ZRSol
258 4 =7} 7teiA RS9 ol ¥ T4 =t
AdEof] gt A E2xYote] Ko HIE JA|el7] flote] tiek
gt I ERE F7HH R Hrlele A7vF sk 3=
Atk YSZoA] o]Exjolel T2 JEFO HIlo] F7FSHA
g A% A23Yo19] Aol Cubicte® Wslsh, ojnf 2935
9 dALE ALt A0 A B D& 5 U
TBColl 283t X 231]o}9] ut]]l/do] Astet. ofzfgt &4
£ dfiZsk] Yot ol dAEE A BRI HF IS
= U= 7I&o] dasit. B d3oA= TBCY =3 143t
GALE T4 875 5 A7) Y51 Top Coatd = o532
2 gste] YSZ TS tiH] EF, 714 BAdo] 953t 125
TSR ok oS 1R E V= Z”YSE AXsH] H5k
of &8 YSZe FEF AldhEo| v H71E YSZE A5t
ARE 2AHELS di7] Sk=nt 84 AH](Atmospheric
plasma spray, APS)E °©]&5to] 0|55 T2E 7= ¥ES
Atstdet. E3t 7+ 9] FAE gElote] 7k 59 FA | e
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T HE] B4 HiglE gRlsioinh 9 AEe 12 ARSE
2Ist7] /15 1100T oA 500417 A 2jste] A A, &
XRD(X-ray diffraction)dH| & AHEsH] FEAE 2Pt
o E3 JAY A, & I3 uARE #EE g6t
A8 WA 1] F(Scanning Electron Microscope, SEM)2. &2
E4Z st

PG3B-11 | MgO9] 3¢ Hsl7h gk 5788 MgO-ALOs-SiO,
2ZA9 W3t AFo "= FF

olAE!2, olHlE?, HALE, HpFA? *o|5|p!

IR s, A r|eYd

2 A9 EHL2 Magnesium Oxide(MgO)o] T
MgO-AL,03-Si0(MAS) £2ZAE A=t MgOT=F ®sto|
2 Y3t AsS dotEr] Yotk MgO, ALOs, SiOE
712 AR ek, vRIE(PVB)E &5t THEoldl &8s
E9= wRkSkA, Spray Dry 348< &0 IHE£82 AX5HA
o} PR EC0] Yol AP T7IE B8F T A7I=
A AR AREJCE ARA] AEA= MgO9] T BE
519, @A AMEECIR = Wik &8 EE E(Seger Cone)
o dfigste & oA BE 23 FARE AsS Fsk=A
H WA EoI} 7| 2EAJEAS X-ray Fluorescence Analysis
(XRF), Optical Microscope(OM), Particle Size Analyzer
(PSAYE +3ota, AEZAIEHL X-ray Diffraction
Analysis(XRD), Scanning Electron Microscope(SEM) &4
< Aoyt HlwA 2 9] MgO0.5, 1, 2wik)E e
= &ZA A= Mullite A= SRISHAT B3 W2 49
MgO@3, 5, 7Twt%)E E&or= AZAA A& Cordierite A<
gRIsHA. ol= MgO&=ol w=t Hals= 2734°] ke
Wakeol] 9FE £ 2= FHEE HP AT Zo|7h AT
= gelsteleon, MgOEHo| 71eS W2 2xoj4 HEE
= A4S E1T &+ Ah

PG3B-12 | A4 AL o8 o Wskts B Ax
A7

29!, ol5F, HeA!

= PR

Ashtat JAA B4, 1e WA D skl S5t
At omA Wolsl #, AAET 2L S0l Agd By
ohfet A7 He wEY S A9l WEsHelE 48
w3 gick. sk we] Gl 2y Ashy, Bl Wap,
o= Fwad, 714 W 5 R WSl A8E
oIk, WBHEA0] AL WhE- o] Tt QJgre wol Aol
g, TLOIAE Het o] 2 o]FAIL J1E Aol
H27L i} §ESato] S Flo] Wa Ale)} ohg AAgo2M
Yo 40 G ATk BUHUT. B AToAE 1
Aok o83kl SIS 1350C, 1400C 5 TRt Lo
A BEGAZEE AoTst, H/Aed EIPI0NA WhAA sk
Aslita BUS WA 1 Ak, 14300 oA si 2o]
k5] stem, @A) Seol 85% ol4el A Elsaint.



HhE2of wt oF 13%2] §ESSHA] ok Si B3t I3 EE
=°| THE U o|ZA FdH 3T AolA Fe, Al 22
EvEs2 £07] dof 5hd/Ed AA e F8% A+
7h XY= 1 Q. dgH Ashi4o] 3tk 242 XRD(X-ray
diffraction)?} N/OEAE B ERlstyor, JE2 XRF
(X-ray fluorescence), ICP(Inductively Coupled Plasma)Z
E45199tt. SEM(Scanning Electron Microscope)s &85t
of B9 342 Tkt

PG3B-13 | BN/B4«C #7Io @& SiC £33 9 v +x ¢
7148 &4

ARL!, o512 ojRlg ! Al
Ry 71&Y, ARt

Silicon nitride(SiC)= ©|2& 0 & 7|AZEA0] 945f0] HI:
A 537 uo] FE=o] A1 Ut} B AFoAE SiCE F
480 7 3ta] Boron nitride(BN) 2 Boron Carbide(BsC)Z
Arrsto] Asl, 7, A=, Aot FE AAAE st
7] $Jote] XP=|QIct. olE sl vlFo] 2 tEZR] BoronA|
H|ASHEQl BNo] AR-E|% o, tHEA Q] AZRAQ] BiCe
Boron® Carbono| 944 ERHIAHUAE RF1 &4 T4k
SXAA SICAZA ALst AEAE AR 5 JTF ARSH
9. BN, B4C, SiCE &% &98€ Spray dry 348<
Boto] APELS Axsty o, Alxd 282 dIiaz
2(Hot Press)g o8t Adstgom, ME AZA 9 EE,
BE, AeE vwstyrh. E3E LR nfERE nietsly|
$J3}o] SEM(Scanning Electron Microscope) THEA 7}
CT(Computed Tomography scan)242 $35to] AZH
A zo| g uAFRE BAIGoH, tlEAE7|E o83t
nE A|E-E Bste] 7kg/do] 943k AlRE UERgith A¥E
T} BN € BC7F 37 B39 A SiC B &Z2A|19] o]2d
%91 3.2 g/em’ tiH] Bxrt FAske dAdo] Yebgoy, Ax
o} Ax9] AF SiC &Y AZAY} AR B e,
HlAER B4 Yot AES B9 Wert RobglSols S
T 294 EA4E U= AE gelsialtt

PG3B-14 | AAH A3 Z7IRAT AF9 £4EAHE
53 ol A3z 49 43t o3

B! gl JeB A, E34! oz, FAs!
'Aqgsl7| s, R AT

E-beam 73t Ze7tH AR A7 &2 Asol digh
S =3 vhEoRl v mifsia Ruge e E4
ATE AP} E-beam A3} ZFIHAT H 4S5
WollAl 8000C7HAlE =4 E-7]191A 20C/minO 2 %23
t}. 8000C-19000C7H A= Ar&-917]1o4 1830C/minl &
25ttt AR9 vt Higt 42 FE-SEM, TEMZ
oA o]FolFt. ghA/4149] HlE= AESEAS Boto] o]Fo]
Aok A9 2Ast e, A9 U, 29 Aol it
AL e A E Bet Ao E4E B3l olF0]
Aot @8] AaolAd 2L TEAER] gk, AR

—-—

ok =9
e g

o

-

ofy 38 fu ok aju

7|2 QI8 2A9] ggol JAE o= Helr: M= e
ol Al HEhdt. BHdlE &2 gAaFo] AT A=
Holm AZHEdE Z=th

PG3B-15 | EBC(Environmental Barrier Coating)®
Rare-Earth Silicate Top-Coat% @ HfO,-SiZAl Bond-Coat
29 Az 9 E4 B71

AR, AR, Faset HAAQY gHEh, ojugH
' sty, Rr=EAEt e

SiC-SiC; CMC(Ceramic Matrix Composites)+= XA &3
58 7IAERIY] B8 E o 2UEEES AT A=
E 35T Qth AAtAd] £37] FAC2RE HE5|
st 8421 8 (Environmental Barrier Coating, EBC)&
oSSt 249t 34 AX FEol A& SiC-SiG CMC=
2 AL 12 F7] BAlo] 9dt d3kEA| wEo] EBC
(Environmental Barrier Coating)®] -8 Q73ic}.

£ AolAE EBCY A8 98, RERE=Yb, Y, Er)-silicate
719k top coat £A2}F HfO,-Si 7148t bond coat 2745 73
t}. Top coat®} bond coat?] 2442 42| 2% 9 A|7H|
nekA AZAE AL, AEE As € vAlTR BEE4S
aEYct. E3h,  E9AA S (coefficient  of
expansion)& B7I5kL steam-jet S SWA L2 £57]
A AsS Rl

thermal

PG3B-16 | Ion Beam Assisted EB-PVDE ©0]-&&F Y,0; vHat
&3 vt 24 97t

AR, wfgEl, et olgRl!, e84l o]l
ARt r)Ed, Aaedstn

WA Aol e 3749 2uA| AdZEsto] wet 2 AR Ay
2 FE e Ak 5ol 2A7F HiL ok LAY A
et 1F4 dere] "o o] fiFgol wet vie S 57
HRios et 49 Heke S o Qe SRS
(PVD®H)E oI5t Utk E-beam PVDE AM8aH= 49 A
Hog £ & 8 7AYo AR 42 WY 5 HEe
F4L2 "ol & 3k & AF91M= Ton-Beam Assisted
(BA) A&EE A8310] &2 52 =8 AR #E0]
DAY e HEe Alzshe ol #sto] sk ol
o=} 71 At S&F 2= 5ol whE Tt S& 24510
A IBAZF 284 Here] 54 Wols AESHH.

PG3B-17 | B8 9% 55 ol @] o nol
£ 379 Azzot HEY Az

QA AW, Aol B, AL, s HEA
R ELER

nlo]E Afo]29] 249 Alzte] Bo] fat oA, W71HA,
9 2 5 okt Ut 24 71 Hololi] A&Ho Srlsha
glom o} Sla) e e FRESL FUA D TAEO] S4o]
278t A23ols ofn] 2 gejAl viet o] & 714
=43} sk A daoln] Eat H Qe w8710 vl
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FATE B o 5L $H9 2T ABAL FAHH
7% Wi A 9 @49l FHOR B3] Tk Alklel] fefsich
H2e 98718 A8 Hlo]AE Ao| 29 HES A28
SJstel 0.25 wt %9 LEHIUIL B7HE 3 mol % olEejo}
QPgst M2 sjole] k] Bkt ehriz S WA, FHA,
B, 2, 284S X3 5 2efel Azl o] &9
Zo] FAAAE Hrhstol ¥Hg7] vro] FAHH o4
AVLHAS e 220 HU o4F 58 sho] LIAA
95599 oAS P4t olF ojPHe] Asiel oAy
o Be] @ £22 AH nlo|AE Ao| 29| 2o} HES
Az 4 Ach. & AFAAE gL W3] HE AF
o) $E8 WSY|T SeEiol 229 £ vl Aojdte
24 PojAl ufo] A Ao] o] 2ol M=) P4 B
9 Ajolz Rxzel AEg Brlshet

PG3B-18 | Fabrication of highly transparent Y,Ti,07
pyrochlore via direct solid-state hot pressing

AYMAN Muhammad Tsabit!, *YOON Dang-Hyok!
Yeungnam University

Transparent polycrystalline yttrium titanate pyrochlore
(Y,Ti,07) was successfully fabricated through a direct
solid-state reaction of Y,Os3 and TiO; using a hot press.
A yttrium-excess composition, Yz+2xTi207-x with x =
0.025, was adopted to promote densification by forming
more oxygen vacancies during sintering. The optimal
sintering conditions were found to be temperature of
1380 — 1420°C and duration of 1 — 6 h, where all sintering
was conducted under 20 MPa in vacuum. The
hot-pressed sample exhibited a black color, which
retained transmittance upon annealing. Annealing at
800°C for 8 h in air was performed to reveal the
transparency by restoring oxygen ions to the pyroclore
lattice after hot pressing in vacuum. Phase analysis was
conducted using X-ray diffraction, elucidating the
composition of Y,;Ti;O7; samples. Microstructural
examinations of precursors and hot-pressed Y;Ti,O7
were performed using a scanning electron microscopy.
The density was measured based on ASTM C-20 standard,
while the in-line transmittance was measured using a
UV-Vis-NIR spectrophotometer. Four-point flexural
strength and micro Vickers hardness were also
measuered. The detailed results will be explained during
presentation.

PG3B-19 | B4 S Hul /US B3 W24 Ane Bast
=4 a7

M), A, 984, ol gull, ol QIg

S Al 74, 2ae s

A2 A Aol HE A2 o] fE 2E 24E 159
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=4 Fetznt &40 g w759 o 25, 29
WAL A 5 ThFRE EAlol AWkl lsyTh Rt B4 S
I FE aA19] sfot vkgo= ]ls] AlZte] Adof whet oA
5742 Lol AtEe Aol BiEon, ol siEs]
At Azt 28& =4 Eo2ur @40 BARE g3 ATl
AlzgolEte AAE £70] A8HAL sy E4sk A
349 1 AR 7 a0l ARl 9 vIE 5 AFUE
ol oM E 1 Alzd BHe AT & Ae M2 HE
WA ANFEUS. 79F 27F Y2 B4 ohf YR'E ARSST
o Y203 #Hol| YOF &5 W= Hlud % HZog &
o] FARE shastast siglayt oWl A7 2= o
WSt E47F Y203 £A4129] g4ts &Iskal TEM,
EDS, XRD 5& &83l9 243 7152 AFH 2= 5=
AL BHo= YHUL

i okt

PG3B-20 | ¥r-3A AHEFHS o]§gt Y203 WEe=A}
9 Az

A2, gl rol ARl @ 42 ol QlgH!
'y, A 71EY

With the development of semiconductor device
processes, plasma-resistant coating processes have been
improved and developed. In the past, the thermal spray
coating process was used for fast and thick coating,
but the structure of the coating layer was porous and
the surface was very rough. To improve this, the PVD
method was adopted, and research on plasma-resistant
coatings was conducted wusing EB-PVD as a
representative PVD method. The sputter method is
capable of uniform coating regardless of the shape of
the substrate and can coat high-density thin films, but
the coating speed is significantly reduced when using
ceramic targets. Reactive sputter has the advantage of
using a metal target and controlling the reactive gas
flow rate to coat a thin film with a specific composition,
and it has the advantage of securing a deposition rate
that is tens of times higher than using a ceramic target,
so we applied it in this experiment to coat a Y;0j3 thin
film. The optimal deposition conditions with the
composition of Y,03 were secured using this method,
and the physical properties were compared and analyzed
with bulk materials and EB-PVD thin films through
etching tests in a fluorine-based plasma environment.
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We report the effect of substrate and thickness on the
structural, optical and electrical properties of Cadmium



Telluride (CdTe) thin films using by molecular beam
epitaxy. The structural, optical and electrical properties
of the thin films were characterized by x-ray diffraction
(XRD), spectroscopic ellipsometry and current-voltage
(I-V) curve respectively. The thickness dependence of
the full width half maximum (FWHM) of the x-ray rocking
curve of CdTe(400) indicated that the FWHM decreased
with increasing thickness, and a high-quality CdTe thin
film with FWHM of 144 arcsec at 50 u#m thickness was
obtained. As layer thickness increases, the crystalline
size increases and the dislocation density decreases,
indicating that the sample's crystallinity has improved
significantly. The optical response of CdTe thin films
in the 0.75-4.5 eV photon-energy range at room
temperature has been studied by SE. The measured &(E)
data reveal distinct structures at energies of the Eo, Ei,
Ei+41, and E,, critical points. These data are analyzed
using theoretical model, namely the model dielectric
function (MDF) model. Dielectric-related optical
constants of CdTe thin films, such as the complex
refractive index, the absorption coefficient, and the
normal-incidence reflectivity, are presented and
analyzed. I-V curve of a CdTe thick film (50 gm) shows
the resistivity is on the order of 10'° Q-cm, which is
ideal for e-ray or y-ray detection.
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PG3B-26 | Preparation of high-quality silicon nitride
powders by direct nitridation of silicon

Kati!, KIM Minwook!, MOON Seunghwan!, CHO Jaehun!,
*LEE Hyun-Kwuon!

'Kumoh National Institute of Technology

We report on the efficient preparation of large-scale
and high-quality @-SizN4 powders by direct nitridation
of silicon powders. Direct nitridation of Si is a
challenging process as obtaining pure @-Si3Ns without
the presence of B-phase is highly difficult due to the
intensive exothermic reaction between Si and nitrogen.
In this work, direct nitridation was performed without
any catalyst at 1450 T in an atmosphere of nitrogen
and hydrogen gas flow to prepare Si3Ns powders.
Comprehensive analyses of the prepared silicon nitride
samples were performed using different techniques such
as X-ray diffraction, particle size analyzer, scanning
electron microscopy, and X-ray photoelectron
spectroscopy techniques. The results showed that Si
powder will be completely nitrided at 1450 °C and the
content of @-phase in the sample is higher than 90%.
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Gas nitriding is a technology in which ammonia (NH3),
a reactive gas, is injected at a temperature of 450 to
600 °C, and nitrogen permeates and diffuses on the
product surface to form a nitride layer. The nitride layer
is composed of a compound layer (e, y' phase) and
a nitrogen diffusion layer on the surface, and has unique
physical properties. Depending on the properties, it
improves the wear resistance, corrosion resistance, and
surface strength of the product. Existing gas-nitriding
has a disadvantage in that it is difficult to predict the
characteristics of the nitrided layer formed on the
product because the state of the nitridation reaction
occurring in the reaction chamber cannot be confirmed.
Due to this, it is difficult to control the phase of the
nitride layer, and a nitride layer in which the & phase
and the y' phase are mixed is formed, making it difficult
to utilize the mechanical properties of the 7' phase.
In this study, the nitridation potential (Ky) was controlled
through decomposition of ammonia gas and control of
hydrogen partial pressure to promote the formation of
7' phase with excellent corrosion and wear resistances.
The corrosion resistance and wear resistance of the
controlled nitriding specimens were confirmed through
salt spray test and pin-on-disk wear test. The controlled
nitriding specimens improved corrosion resistance and
wear resistance as the ratio of ' phase in the compound
layer was high and the ratio of & phase was low.
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The JH2 model is one of the representative ceramic
material models, which enables the simulation-based
prediction of the deformation/fracture behavior a
ceramic component at a wide range of strain rates. The
split Hopkinson pressure bar (SHPB) was used here as a
tool for imposing a high-strain-rate deformation/fracture
event to a dumbbell-type alumina specimen. The strain
pulses measured in the SHPB test of the dumbbell-type
specimen were traced via the repeated explicit finite
element simulations by assuming a range of JH2 model
parameters. The result here verified the feasibility of




calibrating the JH2 model parameters of strain rate and
fracture strength when the simulated strain pulses are
reasonably  consistent with the experimental
counterparts. This result indicates that the
microstructure vs. dynamic strength relationship of an
engineering ceramic material can be established via the
presented methodology, provided that the methodology
is (1) automated via appropriate algorithm development
and (2) applied to an engineering ceramic material with
versatile microstructures.
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Magnesium ions in bittern are separated as magnesium
hydroxide, Mg(OH),, which is useful for fire-retardants
and refractive materials. As a first step, calcium ions
are removed as calcium sulfate by addition of sulfuric
acid to bittern. Increasing the pH of calcium removed
bittern with ammonia solution, magnesium hydroxides
are precipitated into crystals ca. 300 nm in diameter.
For the growth of crystals, hydrothermal treatments
above boiling temperature of water are proceeded in
ammonia solution. Surface treatments in sodium
hydroxide solution before the hydrothermal treatments
remarkably enhance the growth of Mg(OH), because the
surface charges of the Mg(OH), crystals play a crucial
role to obtain large crystal. The crystal size of Mg(OH),
ranges 700 nm up to 1000 nm in diameter and the specific
surface area is close to 5 to 10 m%/g. The prepared
Mg(OH), samples are also characterized by XRD, SEM,
ICP, TG-DTA measurements.
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PG3B-34 | Green method for producing titanium carbide
MXene nanosheets for enhanced adsorption of strontium
ion

PINAR Colkesen!, FITRIANI Pipit?, *YOON Dang-Hyok'
Yeungnam University, Bandung Institute of
Technology, Indonesia

Two-dimensional titanium carbide (Ti3C.Ty) MXene
nanosheets were produced by etching the TizAIC; MAX
phase with either an eco-friendly potassium hydroxide
(KOH) or the conventional hydrofluoric (HF) acid for
the application to remove Sr?* ions from a nuclear
Thermodynamic
conducted to ascertain formation feasibility, and both
etching methods found to yield MXene nanosheets.
Notably, the HF-etched MXene showed significant
amount of —F surface functional groups, which hindered
Sr** adsorption. In contrast, the KOH-etched MXene
nanosheets displayed surface -OH and —O functional
groups, facilitating Sr** adsorption. This eco-friendly
KOH etching technique resulted in a Sr*" removal rate
of 99.3% form a model wastewater, surpassing the 82.0%
from the HF method. In summary, KOH-based etching
outperforms its HF counterpart for MXene synthesis in

wastewater. calculations  were
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terms of environmental friendliness and Sr** adsorption
efficacy. Keywords: MXene, Ti3C;Ty, alkaline etching,
strontium, adsorption.

PG3B-35 | Decommissioning Technology for Radioactive
CO; Capture

*KIM Hyung-Ju'

'Korea Atomic Energy Research Institute

Carbon 14 is isotope of carbon, and has long half-life
of 5,730 years. This beta ray emitting nuclide is
hazardous for human and wildlife. While operating
nuclear facility, lots of carbon included wastes are
occurred, such as activated carbon, graphite, and ion
exchange resin, containing carbon 14 which is activated
by neutron capture on nitrogen, oxygen, or carbon.
When treating to reduce the volume of waste, the
radioactive CO; is generated and this should be captured
and safely disposed to avoid potential release or
discharge.

Here, I introduce the new class of glass adsorbent which
can irreversibly capture CO; under mild conditions as
part of decommissioning technology considering its safe
disposal. The alkaline earth oxide incorporated glass
promotes the dissolution due to low chemical binding
energy and facilitates nucleation of carbonates because
of low solubility product constants. Further, chemical
and physical modification of adsorbent improves the
performance in CO; capture.



