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THERMOPHYSICAL PROPERTIES

Thermal Conductivity & Thermal Diffusivity
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15:30-16:00

S11-16

16:00-16:15

S11-17

16:15-16:30

S11-18

16:30-16:45

SEEE

16:45-17:15
17:00-17:40
17:40-18:00

PR-1

18:00-18:30
18:30-20:00

Suspended Carbon Nanowire based Gas Sensor (invited)
AEE QYR A2 (UNIST)
Tailored Combination of Bio—inspired Templates for Pt functionalized WO, Nanotube Scaffold Toward Superior H2S Sensors
s, AR, 237, FAS, FUE, AUE, ALF (KAIST)
Selective Detection of Xylene Gas Using NiO/NiMoO, Nano—composite Hierarchical Spheres
AR AAF, SAS, o|HE, e, o) FE (ZF))
Tellurium—based Ultra—high Sensitive Hydrogen Sulfide Gas Sensor Operating at Room Temperature and Enhanced
Fast Response by Modification of Microstructure
Sl Aol waAl!, P, Raw, WAy, 285 (. “Univ. of California)
Oxide Semiconductor Gas Sensors without Humidity Interference (invited)
o|FE $A& (Za)

7|71 £of

staal 7|gZe (HNME1)
Zbah: FrEE(SHH)
“Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
ZE=A(KAIST)

Mzto|AES| B & AEFH (AHINE2)

lo

Il 10 - st AT oty
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Room 201

SN 20179 48 202(B)

08:00-17:00

G3-1
08:30-08:45
G3-2
08:45-09:00
G3-3
09:00-09:15
G3-4
09:15-09:30
G3-5
09:30-09:45
G3-6
09:45-10:15

S32-1
10:40-11:10
S32-2
11:10-11:30

12:30-13:30

S32-3

13:30-13:55

S32-4

13:55-14:25

S32-5

14:25-14:55
S32-6
14:55-15:25
15:25-15:35
S32-7
15:35-16:00

S32-8

16:00-16:20

=2
o=

G3. AX|L[0{E AM2fA
(Organizer: 0|A21/KICET)
ZHE SUS(KIMS)
FOo-8 2XE 717 Ag—Ni BUo| A AHS
AR5, F2r, AYY, TS (KICET)
Fabrication of in—situ TiC—Fe;Al Cermets by Mchanical Alloying
18", HAA!, nA@® (‘FFe, *KITECH)
Al,0,—Ti0,/Si0,—ZrO, Based Porous Ceramics from Particle—Stabilized Wet Foam
719]x1" | Bijay Basnet', Naboneeta Sarkar', B3t +914° ('$/4/4), “KIER)
Fabrication and Optimization of Clay Bonded SiC Flat Tubular Membrane Support for Microfiltration Applications
Bukhari Syed Zaighum Abbas , 3}4-%, o]£ut, 4918 (KIMS)
The Effect of Initial Pore Condition on Mechanical Properties of Ceramic—Resin Hybrid Block
283", 2w, wFA ol (KICET, "2y
Novel Processing to Wet Foam and Porous Ceramics (invited)
LA (8h4]eh)

S32. ¥, 2t AW A, 3H ¥ MEIIE
(Organizer: 22A1/KICET)

B
0%

ez

1z

(KICET)

Letzd/xHH (E/TBC) ZEA e U &, 7|AIX EMEI} (invited)
q

SR IZEE Zr0,~La,0,-Gd, 0,7 Lzl dad X GHER
AR, o4, e84, ol4ul, A (KICET)

Z1E: AEN(KICET)
“LA 2HEOIM 71548 M2t RN XISE T HA7F 528 0lf=?"
ZEH(LGEIE)

Lunch

B
bal
~

0.

b O|ME(KIMS)

0.

FxhH FEO| X L7 X oFEd TWIMH (invited)

AAd”, o714 (e, “Sylg))

Thermal and Mechanical Properties of ZrO, Thermal Barrier Coatings by Thermal Exposure (invited)
Byung—Koog Jangl*, Kouichi Yasuda®, Seongwon Kim®, Yoon—Suk Oh? and Hyung—Tae Kim®

("National Institute for Materials Science, Japan, “Tokyo Institute of Technology, Japan, *KICET)

LM 7tAEY Saijo|=2| BXtH 2E (invited)

AR (FEFY)
EDC-TBC & A7l (invited)
I A7) (SHIKPS)

Coffee Break

YSZ Bt Mi2tel FEiEe| DIMEE U BHEE HO| (invied)
WA, SR, B GH)

EB—PVD TBCs®| YSZ OJMIEX! #iatol| M2 AME EA
OHE, fe9, WA, WA, ¢ (KIMS)

o,
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Room 201

20179 4E 20¥ ()

Ixjn AERHS| S, O, IZBHS0) I3t 71K HS

16:20-16:40 o153, ©]714 (F/d))

SiC MeZstMatel 284 Watd 38 22 M= 2 38 EY (invited)
16:40-17:10 B54" A", 01714% (R Ysr=m)o]y, “ZFuly)

17:00-17:40 7Z|7|1FA| £
17:40-18:00 shEdt 7|EZd (HIME)
PR-1 “Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
Z=Z(KAIST)
18:00-18:30 £3| (ZHME1)
18:30-20:00 MIZlO|AES| 8 2 AZZHA (ZHHIMED)

Il 12 st AT oty
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Room 202+203

Sy AN

o

SN 20179 49 202(2)

08:00-17:00

G2-1
09:00-09:20
G2-2

09:20-09:40
G2-3
09:40-10:00

10:00-10:20
G2-4

10:20-10:40
G2-5

._.
o
'S
=

ol
N
] —
=
S

11:00-11:20
11:30-12:30

PL-1

12:30-13:30

S22-1
13:30-14:00
S22-2
14:00-14:30
S22-3
14:30-15:00

15:00-15:30

S22-4
15:30-16:00
S22-5
16:00-16:30
S22-6
16:30-17:00

17:00-17:40

=2
o=

G2. of|4X] 2tF M2t A
(Organizer: O|Z2/KIER)

ZhEt Ol H(KIER)
Accelerated Discovery of Heterostructured Photocatalyst Materials by First—principles Calculations
HA (P2
Synthesis and Characterization of the Nano—sized Nd, 5sSr, 33C003-¢ Perovskite Oxide Catalyst by Inverse Micro—Emulsion
Method as an OER Catalyst
AAAT, ARG, AR (UNIST, “=:13 o] )
oot dat 2| O|XFMXI LiNigsMn, s0, L= AXH o172
A, Foiat, 2F=E, 4384 (FE9)
Coffee Break

Synthesize of Li2S—P2S5 Solid Electrolyte for All-Solid—State Batteries(ASSBs) via High Temperature & Pressure
Technique(HTPT)

S5W, HME, FY, A5 (FY)

Defect Engineering toward Strong Photocatalysis of No—doped Anatase TiO,: Computational Predictions and Experimental
Verifications

A3 (R H=LH)

Self—encapsulated Sb—C Nanocomposite with High Capacity and Stability as an Anode Material for Na—ion Batteries
Xuan—Manh Pham, Ngo Duc Tung, BHH21 (F))

7|22 (HHINE

=y

)
Zhxb: ZHEH(KICET)
“AdA BHEOIM 7ISA MEH R XISE M A7 23t 0lg=?"
ZSH(LG3EIEY

Lunch

S22, XIMICH T7|3tst ol H XM T AXH7 &
(Organizer: Z|&IZH/KIST)

Zhah: Z|2ZHKIST)

Development of Cathode Materials and their Electrodes for Sodium—lon Rechargeable Batteries (invited)
52" (KATECH)
HOF|HXE Mt THITHHE o|RH=Y & 71& (invited)
A, wA), ol F 9! (KIER, “53])
Development of Lithium Titanate as Anode Material for High Power Batteries (invited)
A7), ey (KIST)

Coffee Break
Surface Modification of Electrode for Aqueous Rechargeable Lithium Battery (invited)
wE, B2 ()
Carbon Coating on SSiOx Core—Shell Nanoparticles for Li—ion Battery’s Anode (invited)
AH-& (KIER)
Investigation of the Effect of Binder for the Silicon Electrode (invited)
oA, 44!, 2R, A’ WY, AL (KETL “olA, “y+-H)

717 |=A| £of

HENE LR IRTEEY |



20179 48 20¥(®)

17:40-18:00 stEat 7|92 (MIMET)
PR-1 “Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
ZE=A(KAIST)
18:00-18:30 £3| (HHME1)
18:30-20:00 MIZlO|AES| 8t 2 AZZH (ZIHIMED)

Il 14 - st AT oty
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Room 204

Sy AN

o

SN 20174 48 209(®)

08:00-17:00

S51-1
08:30-08:50
S51-2
08:50-9:10
S51-3
09:10-09:30
G5-1
09:30-09:50

09:50-10:05

G5-2
10:05-10:20
G5-3
10:20-10:35

G5-4
:35-10:50
G5-5

1

Io

10:50-11:10
G5-6

—_
ja
=
o
—
—_
[99)
S

-
=
w
=
I
N
w
S

PL-1

12:30-13:30

13:30-13:50
13:50-14:10
13:50-14:10
S52-4
14:30-14:50

14:50-15:10

=2
o=

G5. HIO|2 M2tlA
S51, FE|Z[0] & Z=XME SEiHI0|2A 2t A
(Organizer: &S /KICET)

ZhEh ZES(KICET)
Functional Ceramic Hybrid Formulations with Controlled Release for Tissue Regeneration Application (invited)
A& (KICET)
o2& Mztalel Adst ME (invited)
B (e )
Development of Anti—Cancer Therapeutic Antibody through Enhancement of Antibody Selectivity (invited)
B (F)EazgEro] 2 Ak0] 91)
Functional Polymer Thin Films Designed for Various Biomedical Application (invited)
A7 (KICET)

Coffee Break

B
0
W

: ‘YHAE(KICET)

0

Synthesis of Octacalcium Phosphate at Various Condition by Precipitation Method

ojgfoladt’| 74, o154, HAY (Y

EHAAZHS 2 HMESH ~LHSIOHIHELO|E | O|M2EEM

T, AP, Ao, 2O, A, §YF, Fuhes whel’, S2E! (G, Yy, ‘ojst 24)goj] )
Fabrication of Porous Scaffold around PLGA Fibers Including 45S5 Bioactive Glass for Bone Tissue Engineering
FAR, 3z, 7580k (A7)

Skin Adhesive Effectiveness of O/W Cream Containing Homogenized Water Phase Treated with Various Resonar Signal
Processes (invited)

A", AR, 2@ ((F)A2Av)7IE O}, (R E L)

Fast and Highly Efficient Purification of Antibody by the Oriented Immobilization of Protein A on Magnetic Nanoparticles (invited)
4@ (KICET)

7|=ZH (HHIMET)

e}

b=t ZSHEH(KICET)
“ArdA| ZHEoM 7ISA M2t RNl XI5E M2 dA17F S8t olg=?”
ZEH (LGete)

Lunch

S52, Lt=—HI0|2 SEA=
(Organizer: HX{Z(HMICH), OIFIF(KICET))

B

2
M
10
ne

(KICET)
2K} HIH|22A 0|ERZX AX} (invited)

oluy” (Al

LicHiO| M2t Z0f| 25t
golef" (KICET)

HIO| -t X7 |515t A|ARIS 0|2F
o|4=¢1" (KIER)

Fa| MEHX Z3H MEIHE S2F SHAXSIH Fa|3|4 ZUE I (invited)

A&, Simranjeet Singh Sekhon', o[43]', o] ok, WAB’, o el WHE, A G (FH, “HE, ‘GIST)

J]

™
N
na
4>
B
0=
1=
1o
ﬁ
ol
re
O
okl
]
0%
z
[>
nz
’§
2
[1))

Y

N,

Coffee Break

HENE LRI |
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S52-5

15:10-15:30

S52-6

15:30-15:50

S52-7

15:50-16:10

S52-8

16:10-16:30
17:00-17:40

17:40-18:00
PR-1

18:00-18:30
18:30-20:00

B
]

Zictar 2L E0 S83517| 218t 7IsM L= Z (invited)
o|&4" (KIST)

7|5 LI R4UHA| L MShE LIt 22 £ XS
" (KICET)

2| AE7|Hte| SFF| W (invited)

R & (HE)

|72 THA| M2 2I5t0 Aerosol Deposition 3HE 0|&st £AM3015|M FEIEO| HIL (nvited)
olZnl’, BAE, Aol (Glones)

i
o
it
ot
1o
12
re
o
02
b
1A
M
bl

2 X (invited)

7|71HA] £0of

shay 71gYe (ZMaE1)

“Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
Z=Z(KAIST)

Il 16 - st AT Ot Y

1 0]

gl
o

(KICET)



08:00-17:00

11:30-12:30

PL—1

12:30-13:30

14:00-14:05

14:05-15:05

15:10-16:00

17:00-17:40

17:40-18:00
PR—-1

18:00-18:30
18:30-20:00

Z1E ZEEN(KICET)

“ArdA| EEIM 7ISH Mzl RN XIS FH| dAI7E SL8t 0lfE?”
ZSH(LGSE
Lunch

SS2. oM MIZto|AE 234
(Organizer: 0|&=5/FLtrl)

e o=

shM|atalsts| 3|E)

EXI(KIST)

SEAICH RMICH Y met7[EXE 2st HIolIE BIER

7|71HA] £of

Stest 7Sl (HUNET)

“Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”

2= A(KAIST)
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Room 207

Sy AN

o

SN 20174 48 209(2)

08:00-17:00 S=

G6. 72| L HIFEE MatalA
(Organizer: Z|E71/8+3LH)

G6-1 PbS QDs on Nd—O Clusters in Silicate Glasses (invited)
08:45-09:15 3] & (POSTECH)

C[Z20 LCDIfE AtollM LMSH= o Fal2] 7IX[U}E MEE
09:15-09:30 A71A", 4715 (k)

CEEl Sm* ol HES 0|85 f2| L 28 2 £X
09:30-09:45 292", 3] & (POSTECH)

UV-LED MHEIE Eu2'7t &7HE B8 LI=ZAM &1 oxyfluoride ZXStRE|
09:45-10:00 ©]3H&", FLR!, 2L, QU (F2, ‘g, W)

10:00-10:15 Coffee Break

Effect of BaO on Thermal and Mechanical Properties of Tellurite Glasses for Mid—IR Molded Lens Applications
10:15-10:30 Kadathala Linganna , Ganesh Agawane, 133t ¥ 2 X33 (KOPTI)

HHIM HEE T2AM Ge—Ga—Sb—S ZIAX|LI0|E R2|

olT"” o]9F! oI, A @' AN, AR, AP, A8+ (F3Y. 'KOPTIL, °ETRI)
ClA Cd—-S—-Se YxtH &ta |zl2| LEDM Het EM0f| thst s|ER MIE A7t &1t
- MR, Q9w & F, AR (g, Y, "POSTECH)
G6-8 Spectroscopic Studies on Fluoride Phosphate Glasses for 1.53 um Applications
- Ganesh Agawane , Kadathala Linganna, 258 (KOPTI)
CEN =sHEXE F2|Ye MU=t S HEQ| A2HEtA|
- AR AR PAE, 2R Ag (F3Y, "FE, KICET, "o]3H8(F))

—_
[=3
W
(=]

—_ — —_
oy s =
—_ =3 B .
9 S [y
—_ —_ —
= = =
[9€) —_ > =
S (%) S

—_
(=]
S
W

11:30-12:30 7|22 (AHIMET)
XhEE: ZISHEH(KICET)
PL-1 “ArdA| ZEOIM 7ISH M2tel iR XIS FEH| dAI7E SR8t 0lfE?”
ES(eeh)
12:30-13:30 Lunch

S61. &stxz|o| £[MSst
(Organizer: Z271/33LH)

N
og
HM

B
02
O

(KICET)
COEN Held FsiRalaxl 71258 H MASE (invited)
13:30-14:00 & (KOPTI)

T SelM HEAAY J|E Y AJES (invited)
14:00-14:30 AAA" (22 H]F)

BN Development of the Oxide Materials for 3~5 um Mid Infrared Optical Glass (invited)
14:30-15:00 743", ©1A% (KC Glass & Materials)
15:00-15:15 Coffee Break

SN As=S |2 7[Ht &M SHIM MR MIE HY ETRIOIM S AR AT (invited)

15:15-15:45 454" (ETRI)
SHEN Rel Z4o 2 12 F2L ME D EY (nvited)

15:45-16:15 248", A S°, JoA°, 851" (o/519, KICET, &), ‘334
T Rz MEE 28| ta—C B5 TE MIX (invited)

16:15-16:45 25 (A7 HA(F)

Il 18 - st AT ot Y
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Room 207

ﬂQOW‘é 48 204 (3)

17:00-17:40 717 [™Al £Of
17:40-18:00 Skad 7|92 (HHME)
PR-1 “Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
2= A(KAIST)
18:00-18:30 3| (ZHME1)
18:30-20:00 MEIO|AES| 8} 2l AESH (ZIHMED)



D) 20174 gt Mztajotel £AotaThY U £

Room 208+209

Sy AN

o

SN 20174 48 209(2)

08:00-17:00

G1-1
08:30-09:00
G1-2
09:00-09:30
G1-3
09:30-09:45
G1-4
09:45-10:00

10:00-10:15

G1-5
10:15-10:45
G1-6
10:45-11:00
G1-7
G1-8

— —
jam ja
= >
5 S
— —
o =
[99) =
S 5

N
=
w
S
5
N
w
=

PL-1

12:30-13:30

S12-1
13:30-14:00
S12-2
14:00-14:15

S12-3

14:15-14:30
S12-4

14:30-15:00
S12-5

15:00-15:15

15:15-15:30

=2
o=

G1. DXt MzpiA
(Organizer: = 2/UNIST)

Conceivable Strategies for Making Lead—free Piezoceramics Practical (invited)
% & (UNIST)
L9l 2§l 2lst ZRMEN =H (invited)
g, oy, wra!, 2, FAHE” (st "KIMS)
Low Temperature Sintering [001] Textured PZT—PZNN Ceramics by Template Grain Growth
olm&" olf’, UUR', & AV (2, ‘KU-KISTEFH5}2)
Effect of (Sn,,,W,/,)*" Substitution for Nb** of Mg,Nb,_(Sn,,,W,,),0, Ceramics
ARE, A4 (7))
Coffee Break

aHa ob

i

(SAtH)
o2zl BLIE2E MES X17| X7 |0 X[SHIAE B2E (invited)
ZRY”, BTt waE, Ads, 22, A9, & A, = &, §435° (KETL “ZAH, °KICET, *122]t, "UNIST, "KIMS)
BaTiO;—Bi(Zn,y 5 Tip 5)0; MI2talA Q| M7 |H2kS 1}
A", AU, 2N, Y, @557, AYL (B, KETI)
Fabrication of a Structural Health Monitoring Sensor Module based on BNT—-ST/PVDF Nanofiber
AT, 245 MES 92w’ AN (KICET, 49
Red Luminescence Properties of La—Ti—O Phosphor
AN (g )

7| =4S (HHIMED)

ZHah: ZSEH(KICET)
“ArdA| ZEIM 7ISH Mztel HEIH XIS FH dAI7E SR8t 0lfE?”

Lunch

S12. Mi2te) & A7 S5k 3 Mt
(Organizer: = </UNIST)

ZPEh = 2(UNIST)
BNTH| £ 4™ MztelAo] st HE 3|1 L MY (invited)
oA, TS A B! = 7 ((&kp, “UNIST)
Origin of the Temperature—dependent Dielectric Relaxations in B—site Ordered/Disordered PST Relaxor
225" Torsten Granzow’, Ke Wang’, & &'
('UNIST, “Luxembourg Institute of Science and Technology, *School of Materials Science and Engineering)
Structural and Piezoelectric Properties of CuO—added 0.96(Na, :K, 5)(Nb,_Sb,)0; — 0.04CaTiO, Lead—free Piezoelectric
Ceramics
2AE AHE, ol5te, ¢ A (ZF )
Anisotropic Electrical Properties of Bi,s(Na,K),sTiO; —based Ceramics Fabricated by Reactive Templated Grain Growth (invited)
(3_]_%].%—]1.;.‘ z 02‘ O]ZH/‘\_]I lgo‘/,(_]'tﬁ’, 2[JNIST)
Growth of 0.8(Na, sBi, 5) TiO,—0.2(Ca,_Sr,)TiO; Single Crystals by Solid State Crystal Growth
LE GIA PHAN", J.G. Fisher (Chonnam Nat1 Univ,)

Coffee Break

Il 20 - st=2 A2t oty
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Room 208+209

S AN

SN 20179 49 202(2)

S12-6
15:30-16:00
S12-7

16:00-16:30

S12-8

16:30-16:45

S12-9

16:45-17:00

S12-10

17:00-17:15
17:00-17:40

17:40-18:00
PR-1

18:00-18:30
18:30-20:00

ZFEE: OfxHAI(ZAtH)

Piezoelectrically “Hard—Type” PMN—PT and PMN—PZT Single Crystals for High Power Piezoelectric Transducers (invited)
0|38, AUEZ’, o @W (W2, (F)IMF)
Growth of Single Crystals of (0.97_)K, ssNag s;NDO53—Big s(Nay, ;Ko sLig )0 sZrOs_(Big sNay 5) TiO; by Solid State Single Crystal
Growth and their Characterization (invited)
J.G. Fisher , Eugenie Uwiragiye, Muhammad Umer Farooq, Su—Hyun Moon, Thuy Linh Pham, Dang Thanh Nguyen,
Jong—Sook Lee (Chonnam Nat' Univ,)
Piezoelectric Properties of (1—x—y)PbZrO,—xPbTiO;—yPb(Ni,,sNb,,;)O; Ceramics and their Application in Energy Harvesters
olFl, olEz, W A (2
IDE PZT &% ZHEIH 2| ol X| SHHIAE E4
oAl g A ureel! Tolo! wizs! AT v’ JIE! (KICET, “2i))
Flexible and High—performance Piezoelectric Energy Harvesters for Bio—medical and Electronic Applications
A", ol dAY, AT, AFA, o) (KIMS, *KAIST)

717|MA| 0o

Shadt 7|32 (HHME1)

“Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
2= A(KAIST)

&3 (HINE1)
=1

Mzt AEo| gt 5l ZEEH (MMED)
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Room Lily C

SN 20179 49 202(2)

08:00-17:00 sS=E
G7. WSt X A[HE M2t2lA
(Organizer: &HAl/ZH2ACH)
ZHa: 8gzi(ofstazIsE)
XRD—Rietvled#i 2} TGAE 0|8%t +3l= Mg X sHA
09:00-09:20 Z=3], o159, AGA, A5 (k)
Cs52| HItMlol ME 322 AFTE 2Y
09:20-09:40 7, o5 (4H)
=2t RS54 22 S2I0|ojA[2] Etitst HES Ol 25t
09:40-10:00 ©]-¢A" RS AAG, A (., {(F)EH)
10:00-10:10 Coffee Break
Zhe SYA(ZHCH)
Mechanical Properties of Phytoncide Modified—Liquid Sulfur Polymer/Epoxy Blend for Asphalt Application
10:10-10:30 A &, 242", A’ (g, KIST)
The Influence of Methanol Treated B,C on ZrB, Synthesis through Carbothermal and Borothermal Reduction
10:30-10:50 SIS, oHAA, §H%, AAZ, o|@%, A ()
11:30-12:30 7| =2 (AHIME)
ZHah: ZSEH(KICET)
PL—1 “ArdA| ZEOIM 7ISH Mzte) iR XIS FH| dAI7E SR8t 0lfE?”
ZEH(LGstE!
12:30-13:30 Lunch
ZHe: FEA(KICET)
XRD 2|EHIE M2 2MZ S& C:82| =7| 5t BISE 1#E
13:30-13:50 W}, 0|57 (24H)
oZta] ZZI0MQ| fly ashe| £7| 0|2 & EM
13:50-14:10 P, AAE, A7, $84 (7))
0|42 R} Fructan0l OPCO|l O|X|= H&
14:10-14:30 AAE, o)A, A7, 94 ()
ZhE SHM(ZHH)
AHE M 22| £8171& S (invited)
14:30-15:00 27" (FFYF=r4]53] 8 9])
AN AxOzRine] R55 S2t0jofAl] & Sl WOt (invited)
15:00-15:30 492", 7511, 0|23t 8449 (ofsZEE/(F))
zhe: &gTI(okstaieE)
€7ZEN Recent Studies on Blended Cement and Alkali Activated Materials in Japan (invited)
15:30-16:00 Daiki ATARASHI® (Shimane Univ,)
APl Z23z2E Y22X SFH Y HME (invited)
16:00-16:30 84" (EF))
CYEEN SHel AJHIE AtolAe] Z2tojol+] && $1E (invited)
16:30-17:00 541" (Z/0))
17:00-17:40 71718 £0of
17:40-18:00 Staat 7|92 (ZIMIME1)
PR-1 “Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
2= ZA(KAIST)
18:00-18:30 £3| (HHMET)
18:30-20:00 MtOIAES B 8l AEFH (AHNE2)
Il 22 - Iz A oo
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Sy AN

o

SN 20174 48 209(®)

08:00-17:00

09:20-09:45
09:45-10:00

10:00-10:25
10:25-10:40

G4-4

10:40-10:55
G4-5

10:55-11:10
G4-6

11:10-11:25

11:30-12:30

PL-1

12:30-13:30

S41-1
13:30-13:55
S41-2
13:55-14:20
S41-3
14:20-14:45
S41-4
14:45-15:00

15:00-15:15

S41-5
15:15-15:40
S41-6
15:40-16:05
S41-7
16:05-16:30
S41-8
S41-9
16:45-17:00

._.
D
o
o
=
D
Ny
O

=2
o=

G4. Li= 88 M2talA
S41. XMXH LAY
(Organizer: O| & /Z2IcH)

[0

ZFE: o|El(ZLh)
Cu #7120l mZ nE Bi-Ter| HAKQ| AHSH A O|MTE H3L HT (invited)
AR, AL, oled® MY’ Fomt A, Y, W, &8 (S, TSt sy, KICET, "3yd<, A1)
Novel Processing of Carbon Nanotubes on Zeolite Coated Carbonized Wood Template by CCVD Method
uHE51", Bijay Basnet', 7JA19% Zhao wei’, 4%’ AR (1474, *KIER, *FH )
Synthesis of Carbon Based Nanocomposite Materials and their Electrochemical Properties (invited)
AQ5 (KICET)
Coffee Break
4 AREEI)
Improvement of Dispersion Stability in Photopolymers by Control of Coating Thickness of a Silane Coupling Agent on
a Ceramic Particle Surface
A", 243!, 24, =P, XA (KICET, “#94P)
Characterization and Magnetic Properties of Mn—doped LaFeO; Nanofiber Synthesized by Electrospinning
AT, &3, P, 0A4% A (g, “PSSOLUTION CO.)
The Two Dimenstional Electride for Organic Synthesis
A2, 148 (HaE)

B
2

b ZSEH(KICET)
“AMoAA| TEOIM 715M M2t RN XSS HH AAI7E S8 019=?"
ZSH(LG3EIEY

Lunch

B
2
>

& MEIS(KICET)
Crekst QXA QA XL £[F3} 7|& (invited)
AAL (G714
Exfoliation/Selfi—Assembly Route to Inorganic Nanostructures (invited)
A4%%9 (KICET)
Quasi Two—Dimensional Transport in Electron—Doped SnSe, (invited)
o|7|R", o|4el’, oY, FwA” (G, “KIST)
3|25 015 571 PY A7{HRCI0|E0| IHEN
A", QYT 2, o’ MU’ (wE, 87, KICET)
Coffee Break
ZFE: O[7[2(ZAtH)
Fabrication of Transparent NiTe, Electrodes via Magnetron Sputtering Combined with Chemical Exfoliation (invited)
ANE, o4 (7))
Electrochemical Deposition of Nanostructured Materials for Solar Energy Conversion (invited)
AT, oA, G597 BAY (KIMS, “8H9Fd)
Enhanced Thermoelectric Performance of p—type Sb,Te; Films by in—situ Generation of Ag,Te Nanoprecipitates (invited)
ZAXQ", o] 7F8%, AAE!, Nosang V. Myung® (KIMS, “2F/tl, *Univ, California, Riverside)
Strong Localization of Anionic Electrons at Interlayer for Electrical and Magnetic Anisotropy in Two—Dimensional Y,C Electride
BE5 o)7)1R, U4 (Yt S
Enhanced Electropositivity of Dense Metallic Cuboid in Layer Structuered Transition Metal-rich Chalcogenide Hf;Te,
54 ()



20179 4E 20¥ ()

17:00-17:40 717 [™Al £Of
17:40-18:00 Skad 7|92 (HHME)
PR-1 “Innovative Processing of Nano Ceramics and its Application to Engineering and Energy Field”
2= A(KAIST)
18:00-18:30 £3| (ZHMET)
18:30-20:00 MEIO|AES| 8} 2l AESH (ZIHMED)

Il 24 - st AT oty
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R 20179 49 219(2)

08:00-17:00 S=

S13. AI}2 HIZR| AX U 22
(Organizer: 3|YL/A=CH)

4

OfH ZAtshE Hial ERHXIAES| E4 SO IHE T7|H £ Hat
09:00-09:15 AHE", 7F, FhF, DA GH)

Low Temperature Fabrication and Structural Analysis of 1D Titanium Dioxide for Photocatalysis
09:15-09:30 $X, AF, 85" (P, KBS

Electrodeposition of Metal Oxide Semiconductor Thin Films for Photosensitive Materials (invited)
09:30-10:00 FEY" (4721

ASHE HizH| diaf S22 2Js AHEEZH 0ls & 88 (invited)

10:00-10:30 4F (Hh))

Recent Progress of Oxide Semiconductor Material and the Associated Thin Film Transistor (invited)
10:30-11:00 2F214° (3P

Nanoparicles for Self—emitting Display Applications (invited)

11:00-11:30 3}0] %, Boist (2H 3

3

11:30-12:30 7| =2 (AHHIME)
ZpEE: MAHS(KIMS)
PL-2 “Cavitation Damage of Ceramic Phases for Structural Applications”
Zbigniew Pedzich(AGH UST)
12:30-13:30 Lunch

16:30-17:00 Al Y HESH (HHME1)
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Room 201

Sy AN

o

SN 20174 49 219(2)

08:00-17:00 S=

S31, MU= THAT AM2ta) BiH 7|z
(Organizer: O|SH3H/Z22CH)

CEEEN ™| RE 2 A Q| SiC (invited)
08:30-09:00 ¥ &, BAE, WA, AUz, 4YS, Aot 44 (KERD
CEIl 212t XESXEE RIMICH o2 E 7 1E 71& S8 (invited)
09:00-09:30 B3, AGA], 4l (Fa153)
CEEEEN  Challenges in the Development of Silicon Carbide Substrates for Power Device Applications (invited)
09:30-10:00 G (24 F))
10:00-10:15 Coffee Break

SR MEEE e MsleR0iEe| M4 Y &S (invited)
10:15-10:40 744, o] 8}z (KICET)

I
i

S31-5 7I-A%[ A0 ofst THME HSMEA H=E (invited)
10:40-11:05 A&, Wz Asks, 1AY (KIMS)
I DXL ESEA Mi2talAo] e S A (nvited)
11:05-11:30 wFed =", A, A, ehs’, aA)g (KIMS, “HLik)
11:30-12:30 7| = (HHIME1)
ZPEk FIHS(KIMS)
PL-2 “Cavitation Damage of Ceramic Phases for Structural Applications”
Zbigniew Pedzich(AGH UST)
12:30-13:30 Lunch
G3. AX|L[0{E AMzfA
(Organizer: 0|ATI/KICET)
ZbE: Ol gRI(KICET)
CIEs Se2wo| £EAE AZ0|Lte] d3Hat AZo o|xl= I
13:30-13:45 VIAE, 234 (723

(0]
@
&%

Effects of ZrO,—La,0; Co—addition on the Microstructural and Optical Properties of Transparent Y,0; Ceramic
:45-14:00 Y9 =", ZHU Linlin, 731, 2249, 1418 (KIMS)
(€EEN  Residual Stress and Mechanical Property of Carbon—doped TiZrN Coating
-14:15 SRR A A fAxS, 2E ol8l! (W, SFbieEE Y, CPEF, (u]YE )
ANALYSIS OF BEHAVIOR ABOUT UNIFORM DENSIFICATION IN C/SiC COMPOSITES BY CHEMICAL VAPOR INFILTRATION
27w, AR & @, o1FE” (KICET, “x22]))
€EEEN Thermodynamic Prediction of TaC CVD Coating on C/C composite in C;Hg—TaCls—H, System
14:30-14:45 &0 F ' A3R? (KICET, “$F9Fd))
CERPN  UWAlOr EME 2= =02 M2t MeZst S8z i
14:45-15:00 oJAE", AEA’, AAL! (KIMS, *KAIST)
€EEEN  Evaluation of Microstructural and Mechanical Properties of lon Irradiated SiC,/SiC Composites Prepared by EPD and
Hot—pressing
15:00-15:15 Pipit , Amit Siddharth Sharma, %3, Arifin Septiadi, 38 (Yeungnam Univ,)
€eBZ8  Aqueous Electrophoretic Infiltration of SiC—ZrB2 Matrix and the Fabrication of SiC—fiber Reinforced Composites
15:15-15:30 Wahid Muhamad FR" (Yeungnam Univ, )
CEEEN  Post—sintering Heat Treatments for Toughness Enhancement in Hot—pressed SiC,/SiC Composites
15:30-15:45 Amit Siddharth Sharma” (Yeungnam Univ, )

16:30-17:00 Al Y HESH (HHME1)

1

[9%)

._. _.
h b
= [9] &
(v o RS
LN T
El © B
(o8] —
S 93

o

Il 26 - st=2 AT oty
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08:00-17:00 S=

S21, $I{AEL SOFCAIZE2 : 5|22 S75t2t
(Organizer: O|7|El/Z=LH)

E1E: 0|7 |EH(H=H)

S21-1 Improvement of Protonic Ceramic Fuell Cell (PCFC) Performance through the Electrolyte Optimization
08:40-09:00 AR, Q8% 7%, ols)Y, W=, ©1FF (KIST)
CEIEZM  The Study of Durable Intermediate Temperature—protonic Ceramic Fuel Cells(IT-PCFCs) with Various Operating Logics
09:00-09:20 417}y, olef ], Zkel, WE (EH)
sEEell A Breakthrough to Improve the Performance and Stability of Protonic Ceramic Fuel Cells
09:20-09:40 ®j7|E", AEE, 59, HFF, XL, AR’ (2, KIST)
SRS MnO Exsolved Catalyst Nanoparticle on Layered Perovskite for Solid Oxide Fuel Cell Anodes
09:40-10:00 Sivaprakash Sengodan'", A124% 71 Ae|' (UNIST, <13 o)

10:00-10:10 Coffee Break

sl Cathodic Electrochemical Deposition of Doped CeO,: Application as a Thin—Film—based Low—Temperature Solid Oxide
Fuel Cell Cathode
10:10-10:30 A1HZ", 24, =AY, Fobs, F-4 (KAIST)

Novel Redox Regenerative Layered Perovskite Electrodes for Symmetrical Solid Oxide Fuel Cells
10:30-10:50 ZJ%‘%—*, upd 2 o|7el (DGIST)
Investigation of Redox Behavior of Ni-YSZ Anode Materials for Solid Oxide Fuel Cells
10:50-11:10 8FA9-", uh-g-ef, o] 7]e) (H )
InfiltrationtHS &5t Steam/CO, Co—Electrolysis Cell 7|55t Msmot
11:10-11:30 SAE, sk, F1e, ¢34, $45 (Fy)
11:30-12:30 7| =2 (HHNET)
Zhah: FRS(KIMS)
PL-2 “Cavitation Damage of Ceramic Phases for Structural Applications”

Zbigniew Pedzich(AGH UST)
12:30-13:30 Lunch

G2. Ol x| 24 M2t A
(Organizer: O|Z2/KIER)

ZIE O|ZRI(KIER)
G2-7 Conformal Bi—layered Perovskite/Spinel Coating on a Metallic Wire Network for Solid Oxide Fuel Cells via an
Electrodeposition—based Route
13:40-14:00 B, SR ol SR, QI 527 49A o5 (KAIST, KIER)
G2-8 Various Factors Affecting SOFC Degradation Under H,S Containing Fuel
14:00-14:20 ©o]&]", AFE Fe/d))

PN 12-14s T332 s == = BXY SSLI- X0 st A7
1420-14:40 A", AT, SRS oA, WAL UAR, A9 (KAIST, “3H)
14:40-15:00 Coffee Break

€7l08| A Study on Adsorption Characteristics of Volatile Organic Compounds over Flexible Zeolite Nanofibers
15:00-15:20 A", 245, 925", &X' (KICET, “Z5 )

G2-11 Highly Selective Alcohol and Water Sensor based on Controlled Interaction between Solvent—Fluorophore—Silica Substrate
15:20-15:40 A7, AUAY, AR (KIMS, “UNIST, *Univ. of Michigan)

e Preparation of Silicon Carbide Fiber Mats with Different Solvent Medium
15:40-16:00 KHISHIGBAYARKHOSERDENE*, Fo&, 239 (KICET)

16:30-17:00 AlAd 2 HESH (ZHIME])

"
0x
rx
o

Jo
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08:00-17:00

G1-9

09:00-09:30
G1-10
09:30-09:45
G1-11
09:45-10:
G1-12
10:00-10:15

10:15-10:30

[

0

12:30-13:30

G1-17

13:30-14:00

G1-19

14:30-14:45
14:45-15:00

G1-20
15:00-15:15
G1-21
15:15-15:30
G1-22
15:30-15:45

16:30-17:00

=2
o=

G1. DXt MzpiA
(Organizer: = 2/UNIST)

ZhE SEIB(RIR)
Low—loss Piezoelectric Single—Crystal Fibers for Enhanced Magnetic Energy Harvesting with Magnetoelectric Composite
(invited)

245" Annapureddyvenkateswarlu', 71047, A)8° (KIMS, “s1=tF Z2}5Hol72-8, Fola)ty)
M2 BHo| Ho|E HALIS 0|5t AatE HIBIEMR|AEQ| H7|X SN 2
HiT, AHE, 1AF, 4P (FHY)
Dichromatic Electroluminesence from Position—controlled n—ZnO Wire Arrays/p—GaN Film Heterojunction
HEA, AR, T9E WE)
Eco—friendly Antibacterial Activity Films using Al doped ZnO based Thin Films
AW, $2DEH)

Coffee Break

ZPEh = 2(UNIST)

Wrinkle— and Defect—Free Graphene Grown Directly at Chemical Vapor Deposition at low temperature
HhE 847 (H)
Electrical of Ba,_,.La,SnO; and BaSn,_.Sm,O; Cubic Perovskite Nanowires Prepared by Electrospinning
QAT g2l sk whky? (g, “PSSOLUTION CO,)
74| LieQIxt TRIE BHS 0|3 Ma1T2| 7|8t Q01 SEHN JHo ot HT
A, ke, a9, oMY (YY)
Stability Phase Diagram of GdBa,Cu;0;_; for the Nominal Composition and Refinement of Oxide Inclusion in GdBCO
Films
2Rl oA o] E’, B5EY Y (A2, (A

7| =4S (HHMET)
ZpEh: FAS(KIMS)
“Cavitation Damage of Ceramic Phases for Structural Applications”

Zbigniew Pedzich(AGH UST)

Lunch
ZPEh = 2(UNIST)
Relation between Ferroelectric and Piezoelectric Hysteresis Loops (invited)
e, AW, Aok, 9, ol ek ()
Phase Transitions and Piezoelectric Properties of (NaysK, 5)(Nb,_,Sbx)—SrZrO; Ceramics (invited)
& AY, o, AYE, o, AT (ZF)
HEE Atslotet Hiz|AE S| = & 3 Jighol &st A7
e, AR, AARY, o) AB AN (b, Pelsp, {(55)ofo] A5, 'KERI)
Coffee Break

The Study on LDH Fabrication Method to Reduce Atmospheric Carbon Dioxide Concentration using Water
AAE, 22 (FH)

Core Loss Improvement in the Soft Magnetic Composites Composed of Alumina—coated Fe Metal Powder
Az, oA, ST, S (2

The Post—annealing Effect of GdBa,Cu;0,_s Coated Conductors via RCE-DR Process

QA Bl o] E? BHE? Al (412, “Nano & Advanced Materials Corporation (SUNAM Co,))

Al 3 FEFH (HHINET)

|| 28 - st At oty
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08:00-17:00

G9-1
09:00-09:30
G9-2
09:30-09:45
G9-3
09:45-10:00
G9-4
10:00-10:15
10:15-10:30

G9-5
:30-10:45
G9-6
10:45-11:00
G9-7
11:00-11:15
G9-8
11:15-11:30

1

f=]

11:30-12:30

PL-2

12:30-13:30
16:30-17:00

=2
o=

GO. ME U ME M2feiA
(Organizer: Z2A/KICET)

ZE Z2M(KICET)
Development and Prospect of Additive Manufacturing Process based on Ceramic Compositions (invited)
e AT, 48, FYE, 294 (KICET)
N EZst L&A TiO, o B U TS £ o7
olute]’, WA ¢ @, A2 (KICET)
Inlet GASE 0|&§t &7t 2= A2 K| Simulationoll 28t A7
A", Ao, 484, 294" (4, *KICET)
Chromatic Characteristics of Traditional Korean Copper Glaze with the Addition of Copper Oxide and Sintering Atmosphere
w7, A8, 294 (KICET)

Coffee Break

SiO, Effect on Densification in Dense Polycarbosilane—derived SiC without Additives
OAE, A4, ol AP (FH)
TAFSHOl| OJ3t TIO,~Sn0-Zn02| & OF= ol BH3t o1
A5, A8, 294 (KICET)
Effect of Flash Sintering Temperature and Atmosphere on the Densification of Hydroxyapatite
AFA (F9d)
Y x4o| stst ZEtEl 2X10[LE =X (2] 7|AIN Sl olXl= I
A", wg', QPR 47147, e (KICET, “8==37])

-

7|=ZH (HHIMET)
ZpEH MRYS(KIMS)
“Cavitation Damage of Ceramic Phases for Structural Applications”

Zbigniew Pedzich(AGH UST)

Lunch
Ald & ZEFH (ZHIME1)
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Room 207

08:00-17:00

S81-1

08:30-09:00

S81-2

09:00-09:30

S81-3

09:30-10:00
10:00-10:20
S81-4

10:20-10:50

S81-5

10:50-11:20
11:30-12:30

PL-2

12:30-13:30

S81-6
13:30-14:00
S81-7
14:00-14:30
S81-8
14:30-15:00

15:00-15:20

15:20-15:35

15:35-15:50

15:50-16:10

16:10-16:30
16:30-17:00

=2
o=

G8. AR TS U LA
S81. FAKHZ ISt U EEMS S5 MAXHAA
(Organizer: 2012/3Ht)

Hydrogen—induced Reversible Phase Transition and Hydrogen Storage in Correlated Oxides (invited)
£29" (POSTECH)
Strain Engineering via First—principles Calculations (invited)
A" (/1)
QIAAT[HE CFD ZE : OpenFOAM X AT ARl A7H (nvited)
SHE, oY, o|&F (Fo/HH)
Coffee Break

Integration of Materials Size Effects into Mechanical Responses of Hollow Ceramic Nano—Architectures (invited)
Jang Dongchan, Woll&, Alths], 77|41, #4$- (KAIST)

Fd Axfel Mitt-st shA: JefElat FER2] (invited)

Gl oldE!, AT, YA, Y, FER (KAIST, *FH7s)ol74)

=

7| =L (HHIMET)
ZIEE: MRS (KIMS)
“Cavitation Damage of Ceramic Phases for Structural Applications”
Zbigniew Pedzich(AGH UST)

Lunch

S-27| HZEAFIO|IE ZH AKX L AX} (invited)
A4 (H3))
At ENSTX] ARHRE AX} LS S AIMAT (invited)
3718t (FHL)
Materials Characterization of Organic—inorganic Hybrid Perovskite from First—principles Calculations (invited)
0|53} (POSTECH)
Coffee Break
ZHEh RE3HKAIST)
ZRT|0l| CHEt SRR EZ AH
|4 (KIMS)
A Theoretical Study of Near Edge X—ray Absorption Fine Structure (NEXAFS) Spectra of Catalytic Materials
ollele, 2%, AW, FUE LGHA)
FEIRAHE 08¢t Si0, BEE HEHL{Q| HAHLS SHAM
g’ HAE!, AYE, H4°, e (KICET, 39
TiO, Anatase ZETZO0IM BH HFH| M2 CO 22Xt &5 HSol &st
$EF, QAIE, 9%, HEE, A4Y (KICET)

Al 3 FEFH (HHINET)

-

o1z

Il 30 - st A2t oty
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08:00-17:00

SS1-1
09:10-09:40
SS1-2

09:40-10:10
SS1-3
-10
SS1-4
10:40-11:10

—_
f=]
—_
(=]
—_

S

0

11:30-12:30

PL-2

12:30-13:30

SS1-5

SS1-6

SS1-7

—_
W
W
(=]

._.
by :
>
S
uR
+ £
(98]

S

—_
S
(=3
(=]

14:30-15:00
SS1-8

15:00-15:30
15:30-15:40

SS1-9

15:40-16:10

S1-10
6:

S1-11
16:40-17:10

S1-12
17:10-17:40

16:30-17:00

i

._.
il
N
o
N
S

0

ii

=2
o=

SS1. HM2g| S-Z2tE M MEIYA S 23S
The 2™ Korean—Polish Joint Workshop on Advanced Ceramics
(Organizer: FXHS/KIMS)

Chair: Jae—Ho JEON

Manufacturing of Intelligent Magnesia—based Refractories with Improved Corrosion Resistance

Jacek Szczerba*, Dominika Madej, Ilona Jastrzgbska, Ryszard Prorok, and Edyta Sniezek (AGH UST, Poland)
IMPROVEMENT OF DENSIFICATION UNIFORMITY IN Carbon/Silicon Carbide COMPOSITES BY CHEMICAL VAPOR
INFILTRATION

Kyoon Choiﬁ, Jin—Won Seo, Kyung—Mi Kim"?, and Jong—Heun Lee’ (KICET, “Korea Univ., Korea)

Composites in the y—alon/hexagonal Boron Nitride System with Anisotropic Properties

Agnieszka Wilk and Mirostaw M, Buéko' (AGH UST, Poland)

Effect of Rare—earth Oxides on the Nitridation Process of Silicon

Ha—Neul Kim', Yinsheng Li, Mi—Ju Kim, Jin—Myung Kim, Young—Jo Park, and Jae—Woong Ko (KIMS, Korea)

7|=ZH (HHNET)
ZPEk FIHS(KIMS)
“Cavitation Damage of Ceramic Phases for Structural Applications”

Zbigniew Pedzich(AGH UST, Poland)

Lunch
Chair: Zbigniew PEDZICH

Ceramic Materials — New Medical Solutions
Magdalena Zigbka  (AGH UST, Poland)
Brushite Bone Cement with Granulated Calcium Phosphates
Kyung—Sik Oh" (Andong Nat! Univ., Korea)
Spinel Coatings Deposited Electrophoretically on Ferritic Stainless Steel Designed for Application in Solid Oxide Fuel Cell
Interconnects
Tomasz Brylewski (AGH UST, Poland)
Enhancement in the Long Term Stability of Ni—=YSZ Anodes Used for SOFCs by Employing Various Sintering Inhibitors
and Infiltrated Transition Metal Particles
Seung—Bok Lee , Muhammad Shirjeel Khan, Jong—Won Lee, Tak—Hyoung Lim, Seok—Joo Park, Jong—Eun Hong, Rak—Hyun Song (KIER, Korea)
Coffee Break
Chair: Miroslaw BUCKO
Functional Layers of Black Glasses on Titanium Substrate
Maciej Sitarz (AGH UST, Poland)
Laser Annealing Process; Unleashing the Full Potential of Magnetoelectric Coupling in Film Heterostructures
Jungho Ryu (KIMS, Korea)
Colloidal Chemistry in Processing of Functional Ceramics and Composites
Mikolaj Szafran (Warsaw University of Technology)
Resistive Switching Memory Integrated with Nanogenerator for Self—powered Bio—implantable Devices
Bo - Yun Kim, Woong - Hee Lee, Hyun - Gyu Hwan', Jeong — Hun Kim, and Sahn Nahm' (Korea Univ,, Korea)

Al 2 FEFH (HHINET)

HENE R IRTERE |
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08:00-17:00

09:10-09:35

09:35-10:00

10:00-10:15
10:15-10:30

G4-10

10:30-10:45

G4-11

10:45-11:00

G4-12

11:00-11:25
11:30-12:30

PL-2

12:30-13:30
16:30-17:00

=2
o=

G4. L= 88 M2talA
(Organizer: O| & /Z2cH)

ZEE: ATHE(KIMS)
ALimit of the Goldsmid—Sharp Equation and its Alternative (invited)
718 41", Zach M. Gibbs’, Heng Wang®, G. Jeffrey Snyder”
(IRFy23}7] 28] “California Institute of Technology, Materials Science, “Northwestern Univ,)
Independently Controlled Electrical and Thermal Conductivities in TiO,—Graphene Nanocomposites (invited)
AR, F@’, o187, AUA! (), “IBS, *KAIST, 'KICET)
Effects of Nanocompositions on Thermoelectric Transport Properties of Higher Manganese Silicides (HMS)
ol31F, WA dBR!, o|FF”, o] %' (HAI. ‘B

Coffee Break
Zhah UBA(AMETIXIESE & 2)
Functionalized Y—Fe,0; Superparamagnetic Nanoparticle by Surface Treatment in Acid—Base Atmosphere
55", oA, A4 A, old%, A4E (FY)
Importance of Controlling Charge Depletion Region Width in Donor—doped TiO,Photocatalyst
233", Sovann Khan’, 248, 444* ((F)#= Y, KIST)
Mg,SiZAl EANL| OIMITEE £ (invited)
o|ZAY, AAN” (FH, *KERI)
7| ZLA(ZHMET)
ZpEE: MRHS(KIMS)
“Cavitation Damage of Ceramic Phases for Structural Applications”
ZbigniewPedzich(AGH UST)
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P1-G1-1

P1-G1-2

P1-G1-3

P1-G1-4

P1-G1-5

P1-G1-6

P1-G1-7

P1-G1-8

P1-G1-9

P1-G1-10

P1-G1-11

P1-G1-12

P1-G1-13

P1-G1-14

P1-G1-15

P1-G1-16

P1-G1-17

P1-G1-18

P1-G1-19

P1-G1-20

P1-G1-21

P1-G1-22

At} L|Zn} Ash EAEI gfako] B A0 [HE 7 |HAY AXLo|
olmd@’, gold, AR, WY KETI)

Electrical Properties of Manganite—based Thin Films

AR HeT, AYT, S, uhee] WES TAQ 245 (KICET)

Effect of Cu Substitution on Electrical Properties of [(NigsMn,;);_.Cu,];0, Thin Films
AR 285, AYE, SN, 2o WES FAS 24T (KICET)

wE A

okl

3%, 20713

100
1
m
0x
rE
m

Plasmonic—Phosphor Layers on a ZnONanorod—Array for White Light—Emitting Diodes

AR Pod, o, Awal, 2845 (F4H))

Rapid Pattern Generation of Si—containing Block Copolymers using Binary Solvent Mixtures

HYF, o, AT, WES, 2435, vl (KICET)

Piezoelectric Properties of 0.77(Bi, sNa 5)TiO,—0.23Sr(Ti,_,Sc,)0; Lead—free Ceramics

ARQ", e, AT wEs weg 243" (KICET, “3H9d))

gl M JHME I8t Low—E 7|it £ ChEtlate] T AIxiM|

AR, A7, A4, A4, AT, BB (KETL “Y 7))

Investigation of High—mobility Tungsten—dope Indium Oxide as Transparent—electrode for Organic Solar Cells via
Polymer Assisted Solution Process

o, o A, AAE (I

Mn—doped and UndopedZnO based Resistive Random Access Memory (RRAM) by Polymer Assisted Solution Process
FA R, AAZ (FF=H)

oYU WHE HY

New MelilitePhosphor: Structural and Spectroscopic Analysis for Application in white LEDs

71812, SanjithUnithrattil, 71-8-3F, 21941 (Y1)

Study of Inorganic — Organic Halide PerovskiteQuantum Dots by Surfactant and Sensitizer

2A74E, 4y, PaularjArunkrumar, ¥ 4 ()

pulsed laser deposition2 2 SA&FSZn0: (Al Sb) Hrate| Ath 2eto)| M2 XA, MI|1M EN

TR, AT 0%, B9 (FH)

TiO,/In,O Lt R 2| B 3 CO 7tA0] CHSH Z4E E4

1335, 349 (W2d)

RF—magnetron sputtering®td2 2 S2Fst ZnO: Al PRI XX M7|X EMof| O0|X|= ZnO buffer layer?| 1t

Effect of Oxygen—deficiency on the MagnetoelectricProperties of NiFe,O, Structures.
ZA1A", Haribabu Palneedi’, $43%° s+g&' = <! ('UNIST, ’KIMS)
22 wE HY

Effect of Nb—site lonic size on the Microwave Dielectric Properties of Mg,Nb,O,—based Ceramics

DHE, 185 (37])

Dependence of Microwave Dielectric Properties on the isovalent Substitution for Ti—site of Mg,TiO,—based Ceramics
AAR, AR, 454 (F7]H)

FeS, foamZ 0|88t BTX| Hs =|™35t

A", g4 (1)
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P1-G1-23

P1-G1-24

P1-G1-25

P1-G1-26

P1-G1-27

P1-G1-28

P1-G1-29

P1-G1-30

P1-G1-31

P1-G1-32

P1-G1-33

P1-G1-34

P1-G1-35

P1-G1-36

P1-G1-37

P1-G1-38

P1-G1-39

P1-G1-40

P1-G1-41

P1-G1-42

Ty X0l MEs5t7| I8t Ta5+2| &71ol| WE NASICON-typel| 1A|Zai&ofl Ciet A+

Tl MAHS 083 CdCr,S, Bat &
U Arunava Gupta®, 788V ('KITECH, “Univ, Alabama)
2zt 23 22{7]0| mE Al M= PTC MOJAE2| M7|H &M
A, olgnl, oA (2H)
HEF 0|23} BIS S ISt NiFe,0,.—GDC S8t HE=a|Ql
24" GAY, 0|54 (‘FH, “KIER)
0|3 2902 EX2|HS 0|28t Core/Shell FEE 7HEl BaTiO, MZHA M= L Multiferroic £4 24
&3, 293 (95
Solution—Processed, Large—Scale, and Flexible Transparent Electrode using Self-assembly of Cell-shaped Ag
Nanowires
AANY, A, Fod, #H8T (T
Fabrication and Photocatalytic Properties of ZnS Powders by Glycolthermal Process
a2 A% ()
Wide—temperature AC Behavior of KNN-based Lead—free Piezoelectric Single Crystals Grown by Solid State Crystal Growth
Pham Thuy Linh’, Dang Thanh Nguyen, Muhammad Umer Farooq, Eugenie Uwiragiye, J.G. Fisher, ©]&% (F41))
22y Wz ¥y

Parametric Impedance Analysis vs. Admittance Spectroscopy on ZnO Bicrystalline Interfaces

Thi Lan Tran ", Dang Thanh Nguyen', Joachim Maier’, ©|%4:' ("#/45], “Max Planck Institute for Solid State Research)
Microstructural Effect on Permeation of Membrane Fabricated by Tape Casting

7(}%141 el o|xs! e ((zay, ‘£ *KIER)

Photo—curable Silicone Polymer for 3D Printing Materials: Effect of Molecular Weight and Monomer Ratio on Physical
Properties
A, FAL, wrAdd, ol 94 (KETI)

3D DRSS YZaHY Mzlel/nExt SetHlel 24T}

A4, FAS, W, 284 ol 94 (A, KETI
elE} ZHE 30 SRS B Re0| SeATl B S it 17
shalAl”, oFRs, by, ol 94, 237 (KETL “22it)

[e)
Study on High Permeablllty Characteristics of Multi—layer Ni—Zn Ferrite Film Using the Spin—spray Methods
AR, FHY ol 94 T A ((Za, *KETI)
Crystallographic and Impedance Spectroscopic Studies of a New Layered Metal Phosphate
ARE, A3 (o)=)
Microstructure and Sintering Properties of ZnS + Mg(OH)2 Synthetic Nanopowders
o, A, FA9, 2AS! WEs AYE! SxAl, we-o)! (KICET, oA
pP2-S13-82 HZA

Magnetic Properties in Multi—layer Ferrite Thin Films via Spin—spray Deposition
FHL, AR, o194 (e, *KETI)

Electromigration (EM) Reliability Study in Printed Metal Line

A, AL (FED)

G2. OflL{x] 2t M2taiA

P1-G2-1

Plasma Spray Coating of Copper —Manganese Spinel Oxide for SOFC Interconnects
NURHADISUKMAWALUYO", £’ o587 Qetg)’ 3527 o4’ (UST, °KIER)
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P1-G2-2

P1-G2-3

P1-G2-4

P1-G2-5

P1-G2-6

P1-G2-7

P1-G2-8

P1-G2-9

P1-G2-10

P1-G2—-11

P1-G2—-12

P1-G2—-13

P1-G2-14

P1-G2-15

P1-G2-16

P1-G2-17

P1-G2-18

P1-G2-19

P1-G2-20

P1-G2-21

P1-G2-22

Investigation on the Competitive in situ Growth of the Electro—catalytic Nanoparticles from Perovskite Oxides
Bozh AXY*, WAL (UNIST, “5g i)

Different Durability Test of Solid Fuel Cells under Various Current Conditions

A4%, olHal, wrd (4Ed)

lonic Conductivity and Relaxations of Indium Doped GDC (Gadolinium Doped Ceria) System

o|TH, o|&d, 89, WHF (FE)

Ni/GDC7Z} infiltrated El R—-SOFC Lt & Ni/YSZ H2322| M7|ststd EM

AR, oAl el (o/5p)

Electrons Transport Properties in YitriaDoped Barium Cerate — Gadolinium Doped Ceria (BCY—GDC) Composite Electrolyte
o34, A, AT (B

DHAMSE HEEX| B712 ME LaySryFe0, .2 M718 EM 2l g/3ksh oMM ot

e, gshy, AT, $4F ()

Effect of Current Collector Material and Structure on SOFC Durability during Thermal Cycling

AEY, 9@ (3-)

Ultimate Understanding AC Response of Zirconia Solid Electrolytes Studied for Decades

Pham Thuy Linh", AE]%?, Martin Lerch®, 0]&=* £2]¢° o]£35° o]x&!

(Al “ol5 Y, *Technische Universitit Berlin, *ZtY, *KIST)

PCFCs2| Mal &S 98t 47t 2% pyrophosphate—&2| EtMtE S§x[e] M7 Ed

YA, Yshy, $4F (FE)

2| E-LIZA-UZ-FUE SA0|=2| 7|AIX M U S2|H ME

%7]4" Ericlianfeng Cheng’, Nathan John Taylor’, 3|9} | Jeff Wolfenstine®, Jeff sakamoto®

('=9lty, “Univ, Micigan, *Army Research Laboratory)

High Efficiency Double Absorber PbS Thin Film Solar Cells Fabricated on a ZnO Nanorod Array

ol &, AEE, o|5ul, 284 (FA)

Fabrication of ZnO—In,S;@polyaniline Nanohybrid on FTO Glass for Enhanced Hydrogen Generation

7 &, 9FH|E, Amine Brayek (7235

TiO2/Polyaniline Core/Shell on FTO Glass with the Enhanced Absorption and Photocatalytic Performance for Hydrogen
Generation

7 &, 9F¥|E, Amine Brayek (723

lon Transport Membrane MZE& 25t GDC &4 S+

AAE, A%, FAIL (AE)

Low Temperature CO Catalytic Oxidation Over Pd—Cu/Mn Catalysts Calcined at Different Temperatures

o|AZ, AN, o]F)<, ofF, wlAlS, TYS (A YfZ o))

LIAZ 0|85t MEZ A Ao M2E0HErs} U EM It

44z 714", Luyun Jiang®, John Foord’, 332" 715", 14" (KIER, “Oxford Univ.)

Influence of Appled Anode Voltage on the Structural and Mechanical Properties of Oxide Layers Formed on Al—-1050
by Plasma Electrolytic Oxidation

upab Qo). A, HMAA ()

Degradation and Morphological Change of the SiCFibers in the Acid/Alkali Solution at Elevated Temperatures
urel A, A, 4@, A (F4)

Binder—free RuO, Decorated RuO,/CNT Composite for Rechargeable Li—0, Batteries via Atomic Layer Deposition
ARAT, A, A, BRI, 015’ (‘4. “KIER, "Folt)

Mesoporous Rare Earth NanocrystallineCeO, CeNbO, and Nb,O5; Ceramic Materials for Gas Sensing Application
CHANDRAN BALAMURUGAN , &2, 7191%, KiKi Mulyadi, $415 (F54))

Inorganic Charge Transport Layers Grown by Atomic Layer Deposition for Water—Resistant Perovskite Solar Cells and a

Strategy for Tandem Devices
ARE" RS, A4} A8A, ABH (YZH)
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P1-G2-23

P1-G2-24

P1-G2-25

P1-G2-26

P1-G2-27

P1-G2-28

P1-G2-29

P1-G2-30

P1-G2-31

P1-G2-32

P1-G2-33

P1-G2-34

P1-G2-35

P1-G2-36

Investigation of Solution Coated Compact and Mesoporous TiO, Layers for the Application of Perovskite Solar Cells
Ao, TR, Y @)

e Mz 222 0|8st

A4S, o)A, AN, WAl FAE, 229 (KAERI)

Zr ®H Atsjato| FAeto| HE

AT, 229 (KAERI)

JIUFLE ASSHR AR HAIH0IZ SN2 I3 2ot MYE T}

ARE WA, NFA, =4 (KAER)

Effect of the Surface Treatment on the Performance of LNCA Cathode Material

SAE, A, AEE, DAl (95

HfC L=ZXo| ZFUEAME SiCHFel M= 2 "It

WA, AE2, o], oldY, 23, 493 (KICET)

Performance Improvement of All-solid—state Li—S Batteries with Optimizing Morphology and Structure of Sulfur Composite
Electrode

#3ke, AP F)

SAIZE E YSZ 7|Hu} NiO-YSZ ZX| =2 0|28t =& IR & NOx MM EM "It

EAT, T, wEA, $AF (HY, TEgaA)

EEt5l Z™ES £38F Biomass (chamaecyparisobtusa wood) EtEHx|Q] 7|H-TZ X EMoj 25t AR

DAY, WA, A, HYE, 240 (KIER)

ABOIRIHXISESAS 2T Aol M5 SIS 213 Mgo| EZE Na[Mg,Nij_sFe, Mn,_]0, S4 T}

G, Fat, A, o1FQ” (Y, KIER)

Sodium Disorder Induced Polymorphic Transitions in NASICON—type Materials

TRAN THI HUYEN TRAN', Pham Thuy Linh, Dang Thanh Nguyen, %1%, 8t428 793}, 78tz A9yl A=, o]F% (H)
Study of Anti—Corrosion Effects with Ceramic Materials Coating

1YY Nguyen Minh Dat’, oFpwl!) 4% 193], @9 (KICET, “Gyeongsang Natl Univ,)

Growth of Semi—insulating SiC Single Crystals by PVT Method

Ao A AW, o|HA!, R, UJ3)' (KICET, *dA))

Ruddlesden Popper ZETE HEAII0|E M5tE2| 22X E40] 7|28 La1.7Ca0.3Cu,;Ni,0,; 2| E41t DHMMEE
AR K| YFoZMo| M5

A3H, Alu] o, A\ S (KICET)

o0

G3. dix|L]of2] MEtaA

P1-G3~1

P1-G3-2

P1-G3-3

P1-G3-4

P1-G3-5

P1-G3-6

P1-G3-7

Preparation of Boron Nitride/Silicon Nitride Composites with High Mechanical and Dielectric Properties
o4&, Lin Zhao (KIMS)

SiC—based Ceramic Matrix Composites Prepared by Precursor Impregnation and Pyrolysis Process

ol MIE, uiAE, FH-E (KIMS)

Optimization for Permeability and Electrical Resistance of Porous Alumina—Based Ceramics

A AT, s, olF, $8° (UST, “KIMS)

Effects of High—energy Ball Milling and Reactive Spark Plasma Sintering on the Densification of HIC—SiC Composites
FENG LUN', ©|4|& (KIMS)

PVA Z2|H(Polyvinyl alcohol) 2 &tMHOZ H|ZSt Ni-based Y,0, LI-=2eHEao| EMEM

stodul”, H, o|Fd’, ANA' (KAERL “ZH))

Sol—gel H2 &8st SiC fiber EH EtstE 7HA IS ¢

of@ZY, & 3, WUF, WA, UY= (KAERL “3H7)t)

TS WHAR] IS I3 Cu-SIC Z&HH HIZ U 54 24

o
ohE’, ol (Fre)
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P1-G3-8 LEXtet HEX SEEMAMTL 7 S YSZ Yxte| 240l 0= ST
714=8", PestaSinaga, W43t (7 'Er'LErV)
P1-G3-9  CHHYX| X|=ZL|ot MatajAo] M7|H £
oArgl ukzAt 0]—5_:.11’ _/,\_xé Lol (KICET, “Z4H))
PI-G3-10 ZBUT BHS 01B% MRV Matal SeAnlel He/DAiZ Uele LS S8 A= By A7
AT, A A 1-”%2, AAE. A (FH. “KIER)
P1-G3-11 GZPIYLAZYOR M=t Si3N4-BN =&tH|e| 7|A7I8d
orE”, w2, 19’ (KICET, “¢I5)t)
P1-G3-12 SR IF2Z MZE MRS} M2t SEAHe| MR AH| Hato HE S S+
AT, AN, = HYE o1&l (KIER, “HAH)

P1-G3—13 Fabrication and Property Evaluation ofPressurelessSintered Honeycomb SiC for the Reactor of Excess Enthalpy Combustion
Scrrubber
AR, A4, AFY, AAY, 45 (KIER)

P1-G3—-14 Rheological and Colloidal Properties of SiCSuspension to Porous Ceramics by Direct Foaming
A", Bijay Basnet', 493", 951, 9Hel4d’, AnlW, Adn)® (‘$#4/y), “KIER, *KICET)

P1-G3—15 Highly Porous SiC Ceramics from Particle Stabilized Suspension
#2991 Bijay Basnet', 9251, 792, 8914?71 (‘e84 “KIER)

P1-G3—16 A Study on Adhesion and Electrical Properties of Silicon Carbide Coating on Alumina Substrate for Automobile Exhaust
Gas Sensor
%v_zéfs*' HH%I»OZ] AN=H (KAIST)

P1-G3-17 MAHME=}=0 AZ|0|E 0|50 HI=AMHE LiE2t=0l YOF 28 In—situ M=
H]—A]»Zl , 7Ua§./>2' _Q_Okll o]Hu]l (IKICET 2010/.,4/)

P1—G3—-18 Microstructural Characterization of Additive—Doped UO, Pellets with Thermal Tests
AEA, oA%, AEF, UEFY, 144, A (KAERD)

P1—-G3—-19 Oxidation Behavior under Beyond—Design—Basis Accident Condition of Silicon Carbide Ceramics for Fully Ceramic
Micro—encapsulated Fuel
AHY”, A%, oA, NG (BHLAE AR, 4L )

P1-G3—20 Synthesis and Characterization of Exchange Coupled Sr—hexaferrite/MnZn Ferrite Composite for Permanent Magnet
Applications
e, o4, A (H2)

P1-G3-21 ®E FA

P1-G3-22 °’ED|Ler°_._.7E= 33 (RBAO)Z 08¢t LR 0|L-220|Lt F
e, 2, oldd (F23)

P1-G3-23 XM24Z0| 7Hs8t DU M4E0| L20|LIHEK Hg
A, AEF, oA (YH)

P1-G3—-24 Electrical and Thermal Properties of SiC—based Composites with Yttria and Scandia Additives
FAR, A5E, 19S 24P

P1-G3-25 Proces_smg of Frit—Bonded Silicon Carbide Membrane Supports
QA 7@, A4, 29, $A9° (A& F, KIMS)

P1-G3—-26 Synthe_sis of Hexagonal Boron Nitride Structure by the Atomic Substitution Reaction Using Hexagonal Carbon Materials
A8, 294, DA (KICET, “44d)

P1-G3-27 TiC-zrC 2% -E-“E'é A83510] MEE TiC—ZrC—Ni/Co S&HHIe| OJMZ=Z! & 7[AIX 24
Bobt, WA, AFY’, A4A”, 1< (UST, KIGAM)

P1-G3-28 EE 3ElEs "*7@ Z27tEAzte| 2R HS
Sl Mg, 2l B, 19, FE] (K27, KICET)

P1-G3—29 =d % Kil_’E-E- A =0l M2 XISKH MME A28 Sealing AxH2] 2|25
S '
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=

o
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P1-G3-30 H7IHIZ 893t U02 AZF|Q| Atst EM
QA AN, AEF, AFA. A, IS (KAERD)

P1-G3-31 SiCl4 RI2E 0|23t 7|8 U AN DA AMajzL 2at {ix
AZ2E AAE, o)A, ASA RIST

P1-G3-32 i Zai= M2t Q2|MS Ust 2t MZE Y EAM Ty}
o=l Eag AFv| (KICET)

P1-G3—-33 THE EFFECTS OF ACIDITY—ALKALINITY CONTROL ON DISPERSION PROPERTIES OF ZrO, SLURRY
SINAGA PESTARIA", 7148, wjA43 ()
P2-G3-7 Al XMZT =oM<l U2 slm AAX| M3t HE
WEF, A4, $2%, 5, FAS (KAERD)
P2-G3-5 Mechanical and Electrical Properties of Liquid phase Sintered Porous SiC using Al203—Y203-Si02 as Sintering Additives
SRS g o AP, due) (KIST, “Z2))
P2-G3—6  Fabrication of Meso—Macro Porous B—SiC Body by a Direct Reaction Between Metallic Si and Carbon Black
o, S wpakeY HA44” (KIST, “3F9))

G4, L= 88 MEtaA

P1-G4-1 Effect of Grinding Media Properties in a Traditional Ball Mill by Discrete Element Method Simulation
Amgalanl*, Ichinkhorloo Batchuulun', Uyanga Batjargal', Battsetseg Jargalsaikhan', Heekyu Choi', Seongsoo Kim',
Bayanjargal Ochirkhuyag”, Jehyun Lee' ("3-¥/t}, “Nat! Univ, Mongolia)

P1-G4-2  Analysis of Different Grinding Media in Milling Process by Stirred Ball Mill with DEM Simulation
Amgalanw, Battsetseg Jargalsaikhan', Ichinkhorloo Batchuluun', Uyanga Batjargal', Heekyu Choi', Seongsoo Kim',
Ochirkhuyag Bayanjargal’, Jehyun Lee' ('3+&/t), “Nat! Univ. Mongolia)

P1-G4-3 Fabrication of Soft Magnets with High Saturation Magnetization from Fe/CoRatio Control by Electroless—plating
Al dAE (KIMS)

P1-G4-4  Oj0|32u} GtollA EHE SiC/ceramic AIES| E £4
92" KHISHIGBAYARKHOSERDENE', 14 71% 234%" (‘“Z4t, *KICET)

P1-G4-5 SIC & U= ?ist Fo{- Xt @It
F9%", KHISHIGBAYARKHOSERDENE', 1871%, 233" (54}, “KICET)

PI-G4-6 97| HIRICiet THHA0| M2 MRt 8 U BRl0| Y= &4 H7
uhe|g’, 33, 225, PBT, 128, 49 (Z)

P1-G4-7  M2t2] 30f M= ¢t 3D =2lE 7|g 37
HaAs)', walg, 225, YT, 423, HAD (FEr)

P1-G4-8 RF OIOL|EEATER WHOR FAI5H TinZnOZ| CHe 71X Hiato| At 2otof| 2 E4 Tt
A2n”, oA ®?, ojrkel, 714! (KITECH, “Z4)

P1-G4-9 2 Ux= HY

Iz]

i

P1-G4—10 Roll-to—Roll sputter@2 SHA 7|Etofl ZZH5t TilnzZnO BHate| X7|, &stH EM
SAR", gen)?, oltkel’, 8714 (Y, “KITECH)
P1—-G4-11 ZnS:Cu,Mnzt T2X} 24t HHS 0|cH T7|UE ADIEAES ME
ojttel”, eA®’, vl 8714 (W, *KITECH)
P1-G4—-12 XXt 24 HMOIE {ISt Fe,0; AHY Lt MR XM=
WA, g, uis R’ Adg, 199 (FEYE, ()=, KTL)
P1-G4—13 Ti @42l O|Ml7t= Hstof| w2 Tio, LI=FE of|o[e] HZAM EM
Ak, UAs, AU (FEHFE)
P1-G4—14 Synthesis and Chracterization of ABS—Ceramic Powder Hybrid Filament for 3D Printing
wjEA) Zelul (Fed))
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P1-G4—15 The Fabrication and Characterization of Glass Fiber coated with Carbon Materials
52", o] & (FH)

P1-G4—16 Fabrication and Characterization of Barium Doped Ceria Nanoparticles with High Catalytic Activity
W52, 2219, £4E (3

P1-G4-17 Enhanced Mechanical Properties of Alumina/Epoxy Nanocomposites by 3D Ordered, Nanostructured Alumina
ebel’, 24nl, @7t 258, A4S (KAIST)

P1-G4—-18 Atomic Layer Deposition of Titanium Oxysulfide and its Application in Visible Light—Driven Water Splitting
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PL-2 Cavitation Damage of Ceramic Phases for Structural
Applications

Zbigniew Pedzich. AGH University of Science and Technology,
Faculty of Materials Science and Ceramics, Department of Ceramics
and Refiactory Materials, 30 Mickiewicza Av, 30-059, Krakow, Poland
Cavitation is a phenomenon caused by the repeated nucleation,
growth, and violent collapse of clouds of bubbles within the liquid.
Microstreams of liquid developed during the implosion of cavitation
bubbles as well as the action of pressure waves from disappearing
bubbles are the main causes of destruction on swilled surfaces leading
to a loss of material, i.e. to cavitation erosion. On the surface of the
material exposed to the acting of liquid, the cavitation phenomenon
induces local destruction of the surface layer as a consequence of the
resultant effect of liquid micro-stream blows with high hydrodynamic
parameters as well as pressure waves. Many researchers consider that
due to the nature of loading, destruction of material surface can be
compared to the fatigue process. This means that materials with larger
resistance to cavitation erosion are the first of all characterised by high
hardness and micro-hardness as well as fine-grained one—phase
microstructure having internal compressive stresses. Among metallic
materials the progress in cavitation resistance could be achieved by
application of intermetallic phases. Also ceramic materials could be
perspective for such applications. The problem of the devastation of
fluid-flow machinery components is very complex. It consists of
processes of erosion and corrosion. The usage of ceramic materials

in applications endangered by intensive cavitation could limit
corrosion phenomena. The number of works devoted to the
investigation of resistance to caviation erosion of ceramic materials
is not large and they concern the properties of pure phases, mainly.
As aresult, they gave some useful data suggesting which phases could
be more resistant than the other and how the microstructure of sinters
could influence the susceptibility to cavitation wear of ceramic
phases.

PR-1 Innovative Processing of Nano Ceramics and its Application
to Engineering and Energy Field

Do Kyung Kim. Department of Materials Science and Engineering,
KAIST

Design and processing of nano ceramics have an effect on the
properties of materials system and devices. The ceramic processing
has been advanced in a variety of ways to meet engineering
requirements of each application with unique characteristics of the
ceramic materials.

Here, 1 introduce several research areas of ceramics, such as
synthesis of nano structured ceramic powders and its contribution to
the energy application. The work includes the synthesis of ceramic
nanostructures, such as TiO, and WO; for photocatalytic and
photovoltaic properties,
harvesting, and ultrathin LiMn,O,; nanorod/nanowires for energy

BaTiOs-based perovskites for energy

storage, representatively. The recent studies include synthesis and
characterization of sodium-based electrodes such as Na;V,(PO,);, P2
layered materials and sulfur-based nanostructures for next-generation
energy storage systems.
impressive performance as well as meaningful results.

These investigations have shown an

I also present some of our important studies on the contact fatigue
behavior of ceramics and ceramic laminates by using spherical
Hertzian indentation. The relevance of damage to lifetime-limiting
failures of engineering and biomechanical layer systems has been
recognized. And this work of contact damage has been extended to
development of unique method which is useful methodology to
evaluate the dynamic fatigue behavior of hard ceramics for armor
applications.

G1-1 Conceivable Strategies for Making Lead-free Piezoceramics
Practical

T4 kMY FeskE A% A ey

%%, UNIST

Actlve researches to develop lead-free piezoceramics in replace of
their lead-based counterparts, representatively, PZT, over the last two
decades seem to be culminated with the following two generally-
accepted conclusions: 1) Few known lead-free piezoceramics can, if
any, be as versatile as PZTs and 2) The number of lead-free
piezoceramic systems of a potential importance for real world
applications is very limited no greater than 3 such as bismuth-sodium-
titanate (BNT)-based, potassium-sodium-niobate-based, barium
titanate (BT)-based solid solutions. Though generally accepted, they
have never been properly rationalized, yet. Facing the given situation,
we have done a series of analyses to see if the presumed statement
is worth taking. Based on the new conclusions drawn from the
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analyses, we will discuss possibly adoptable strategies to enable lead-
free piezoceramics to be in practical uses.

G1-2 Modulation of Ferroelectric Properties by the mixturing

of Nanograins
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G1-3 Low Temperature Sintering [001] Textured PZT-PZNN
Ceramics by Template Grain Growth

TGG THL 53 A2 224 [001] ¥} PZT-PZNN A2
olz ", olel 22 !, GV, |z i KU-KISTS- 50 574/
The Pb(Zry,Ti,)O5-Pb[(Zn,Ni,);sNby3]05 (PZT-PZNN) ceramics
have been textured with [100]-oriented BaTiO; (BT) platelets which
were synthesized by topochemical microcrystal conversion method.
The sintering temperature of the PZT-PZNN ceramics was approxi-
mately 1100°C but when the templated grain growth (TGG) were used
by BT platelets, the PZT-PZNN ceramics were well-textured at
950°C. The lotgering factors (LF) of the BT-added PZT-PZNN
ceramic sintered at 1100°C and 950°C were each 65% and 95%. It
indicates that the BT-added PZT-PZNN ceramic sintered at 950°C was
well-textured than sintered at 1100°C. Therefore, the sintering
temperature of the PZT-PZNN ceramics should be decreased for the
TGG. The PZT-PZNN ceramic without the TGG showed the strain
(0.176%) at 3.0 kV/mm but the textured PZT-PZNN ceramic
exhibited the increased strain of 0.276% at 3.0 kV/mm. Therefore,
[001] textured PZT-PZNN ceramics which have low sintering
temperature and enhanced strain can be well used for actuator.

G1-4 Effect of (Sny,Wy,)*" Substitution for Nb™ of Mg,Nb,.,
(Sny2W112), 09 Ceramics

Mg Nb,_(Sn;, W), 00 A ZHE 2] Nb™¢]| (Sny, W)™ X 8He] E3}
ARE, A G/

Recently, much attention has been paid to the microwave dielectric
materials with high quality factor (Qf') for the various applications of
5G communication systems. Several types of dielectric materials have
been investigated and one of good candidate is Mg,Nb,Oy with
corundum structure. Quality factor (Qf) of MgyNb,Oy could be
controlled by the substitution of isovalent ions for Nb>* site. In this
study, the effects of isovalent substitution on microwave dielectric
properties and structural characteristics of MgyNb,_(Sn;, W )09
(0.05 < x < 0.3) ceramics were investigated as a function of content
(x). The crystal structures of the specimens were evaluated by the
combined Rietveld and reference intensity ratio (RIR) method from
X-ray diffraction data. The Of value was enhanced for the specimens
with Mg Nb, o5(Sn;nW12)00s09 showed the highest value (274,000
GHz). This result could be attributed to the higher average bond

||54 - SNy

valence of MgyNb, o5(Sn;,W1,2)00s09 specimen than those the other
specimens. Effects of the structural characteristics on the dielectric
constant (K) and the temperature coefficient of resonant frequency
(TCF) of the specimens were also discussed.

G1-5 Multi-layered Magnetoelectric Energy Harvesting Module
for Power Line Monitoring
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G1-6 Electro-caloric Effect of BaTiO;-Bi(Zn5Tips5)O3 Ceramics
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G1-7 Fabrication of a Structural Health Monitoring Sensor
Module based on BNT-ST/PVDF Nanofiber

BNT-ST/PVDF WAl 7|0k £2E ZUHT AX 28 A%
A", 245!, MFgF ST, A ealepE )28,
3 ) 3

Piezoelectric nanofiber sensor modules of polyvinylidenefluoride
(PVDF) polymer and lead-free 0.78Bi, sNay sTiO5-0.22SrTiO; (BNT-
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ST) piezoelectric ceramics were fabricated by electrospinning method
and a WIP process. The XRD, FE-SEM, EDS mapping and
polarization-electric field (P-E hysteresis loop) results indicated that
the BNT-ST/PVDF nanofibers with a BNT-ST ceramic of 60 wt% had
a better characteristics such as a single phase of perovskite structure,
good morphology and higher piezoelectric properties. The poling
effects on the performance of the lead-free piezoelectric nanofiber
module were investigated by XRD and temperature-dependence
dielectric properties. For structural health monitoring sensor
application, the sensor characteristics of the poled and unpoled lead-
free piezoelectric nanofiber sensor modules were measured by
simulating several situations, and the poling process contributed
greatly to the improvement of the sensing performance.

G1-8 Red Luminescence Properties of La-Ti-O Phosphor
La-Ti-O 33A9] A4 &g 24
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The red luminescing phosphors (La-Ti-O) are formed from La,O; and
TiO, via simple solid-state reaction. Emission and excitation spectra
are investigated for these phosphors. Photoluminescence excitation
(PLE) shows a good absorption band near UV (~ 395 nm), blue (~
470 nm) and the green (~ 530 nm) spectral region of visible spectrum
as well. Photoluminescence (PL) measurements reveal that these
phosphors emit orange-red emission between 610 and 620 nm.
Luminescence intensities changes as a function of temperature are
performed on these phosphors. These red La-Ti-O phosphors reveal
good thermal stability up to 150°C. The optical properties, speciacally,
decay time measurements, X-ray diffraction (XRD) measurements of
these TiZn,O, phosphor are examined.

G1-9 Low-loss Piezoelectric Single-Crystal Fibers for Enhanced
Magnetic Energy Harvesting with Magnetoelectric Composite
F4 2", Annapureddyvenkateswarlu', 1|42 A)-&3. 142 97~
&, P FREFE A7), 2 95

We are surrounded by magnetic noise with a low frequency of 50/60
Hz almost everywhere these days. Just because they are virtually
indiscernible doesn’t mean they cannot be used as a source of energy
though. Herein we have revealed an effective way to get an improved
electric power density using a simple magneto-mechano-electric
(MME) technique which is called MME generator out of a weak
magnetic noise of 200-500 uT at 60 Hz. This generator adopts an array
of the [011]-oriented piezoelectric PMN-PZT single crystal macro-
fibers laminated with Cu electroplated polyimide sheet on a flexible
magnetic Ni metal plate in the form of a magnetoelectric (ME)
cantilever structure to transform tiny magnetic field to electric power.
The fabricated hybrid composite generator had performed a strong
ME coupling (ame ~ 135.5 V/em-Oe) even without a magnetic bias
field. The tuning of electric and mechanical properties of the PMN-
PZT macro-fibers shows massive change in the output voltage and
thereby output electric power density of the generator. The generator
with hard PMN-PZT macro-fibers harvested a high open circuit
voltage of 94 V and a short-circuit current of 115 pA via a weak
magnetic noise of 500 uT at 60 Hz. The corresponding optimal output
DC electric power density is 2.1 mW/cm™, which is about 80-200%

higher than that of the other devices embedded with different PMN-
PZT fiber composites.

G1-10 Electrical Characteristics of Oxide Thin Film Transistors
with Low-Temperature Processed Gate Insulatros
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G1-11 Dichromatic Electroluminesence from Position-controlled
n-ZnO Wire Arrays/p-GaN Film Heterojunction

p-GaN BFe} 249 n-Zn0 Sfolols] 914 Ael BHE 9 olFH
LEES BERTER

B2, AN, BREr. AT

This study reports on electoluminescent characteristics of position-
controlled #-ZnO wire structure arrays/p-GaN film heterojunction
light-emitting devices (LEDs). Both of #-ZnO microwire (MW) and
nanowire-bundle (NW-B) arrays were heteroepitaxially deposited p-
GaN film by aqueous solution synthesis method. The ZnO MW
grown on a single hole opening exhibited a single-body hexagonal
prismatic morphology, while the ZnO NW-B on a hole consisted of
plenty NWs with sharp tips. The two types of wire/film p-—n
heterojunctions LEDs showed almost similar electrical behaviors,
which was similar to backward diodes. Those heterojunctions
presented reverse-bias-driven electroluminescence (EL) emission,
while no light emission was observed under forward-bias voltage
conditions. The MWs- and NW-Bs-based heterojunction LEDs
represented different EL emission colors of whitish-blue and
greenish-yellow light, respectively, although the LEDs emitted only
two specific EL lines of 445- (indigo) and 560-nm (yellow)-
wavelength peaks. The origin of different dichromatic EL emission
colors was studied based on photoluminescence (PL) spectra. The
different EL colors are discussed in terms of depletion thickness and
electron tunneling probability determined by peculiar wire/film
junction geometry and size. The important factor leading to yield two
different ZnO wire morphologies are also discussed based on the
experimental results using seed layers treated at different annealing
temperatures.
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G1-12 Eco-friendly Antibacterial Activity Films using Al doped
ZnO based Thin Films

Al doped ZnO 89S o] 83 I8 I &

AR, 4. FH L

Modern society has damaged by various types of bacteria and viruses
occur, such as Staphylococcus aureus, Salmonella, and E. coli, are
living while touching in our life. Silver nanoparticles (NPs) and ions
are known to have a strong inhibitory effect on these microorganisms.
As a result, have been produced various antibacterial products, it is
widely are commercialized antimicrobial films using silver NPs and
ions. Recently, the environmental problems have been raised by the
Silver ions released in the water from antibacterial products.
Therefore, instead of Ag NPs, most studies have focused mainly on
ZnO NPs to accomplish an antibacterial effect. But, Zinc ions also
above a limited amount that were released into the water from the ZnO
films could be very harmful to humans.

ZnO and Al doped ZnO (AZO) 30 nm-thick films deposited at
room temperature onto a glass substrate by RF sputtering. The ZnO
based films showed strong antibacterial activity by film attachment
method (JIS Z 2801). However, in these cases of ZnO and low Al
doped ZnO (Al 3 ~ 10 at%), it has a problem that Zn or Al is dissolved
in the water and acid. Therefore, increasing the transparency and
stability of ZnO thin film through a change of the Al doping amount
to 0 ~ 90 at%, made an antibacterial films has not been dissolved in
the water and acid. Also, this study discusses the characterization of
Al doped ZnO based thin films and the mechanism of their
antibacterial activity.

G1-13 Wrinkle- and Defect-Free Graphene Grown Directly at
Chemical Vapor Deposition at Low Temperature

1 4S5AE S T 75 2 Aol Sl 2dE A2 8
R, & E"E/VE”

Direct graphene growth on functional substrates via chemical vapor
deposition is an attractive approach to manufacturing flexible
electronic devices, as it avoids the drawbacks of transferred graphene.
To fabricate flexible devices on plastic substrates, the growth
temperature must be below ~200°C to prevent substrate deformation.
Here, we report the direct growth of wrinkle- and defect-free graphene
on flexible substrates at low temperatures and without transfer
processes. We show that defect-free graphene can be grown on a
variety of substrates via the introduction of an ultra-thin titanium
buffer layer, due to perfect lattice matching between titanium and
carbon atoms. We further show that titanium layers with a thickness
of ~10 nm do not influence the transmittance or electrical conductivity
of functional substrates. We re-port theoretical and experimental
evidence for high-quality graphene grown on titanium-buffered
substrates at 150°C in a CH,/H, atmosphere. Finally, we applied the
proposed methodology to fabricate flexible and trans-parent thin-film
capacitors with wrinkle- and defect-free graphene top electrodes. We
expect that performing titanium deposition and graphene growth in
the same system will al-low the development of large-scale and high-
quality graphene for flexible electronic de-vices without the
limitations of transfer processes.
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G1-14 Electrical of Ba,,La,SnO; and BaSn;,Sm,0O; Cubic
Perovskite Nanowires Prepared by Electrospinning
A71PAPE & o183 F4 & Ba,,La,Sn0; and BaSn;,Sm,0;
SEEP SIS LR EEY:
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Barium stannate crystallizes in the cubic perovskite structure, which
further extends its utility as perovskites are key materials in the design
of “oxide electronics” due to their ability to possess many diverse
physical properties including optical transparency, high-transition-
temperature superconductivity, ferroelectricity, piezoelectricity, and
photocatalytic activity. In this work, Ba,.,La,SnO; and BaSn;.,Sm,O3
were successfully synthesized by electrospinning method. For the
comparison of La and Sm doping effect, doping position in the
perovskite structure was calculated by using Goldschmidt’s tolerance
factor. The crystalline state, surface morphology, chemical composition
and optical bandgap were characterized by XRD, FESEM, HVEM,
and UV-Vis diffuse reflection spectra (DRS). For the verification of
electrical property of Ba,.,L.a,SnO; and BaSn,,Sm,O; nanowires, the
two types of electrode that top and bottom electrodes were fabricated
by photolithography technology. Using drop-casting process, the
Ba,La,SnO; and BaSn;.,Sm,O; nanowires were dispersed to the gap
of bottom electrode with the distance of 2 um. The I-V measurement
was performed from Room temperature to 200°C. The doping effect
of La and Sm on electrical conductivity of BaSnO; nanowires will be
presented.

G1-15 Fabrication of Cupric Oxide Film Using Dry Particle
Printing Process for Flexible Humidity Sensor
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G1-16 Stability Phase Diagram of GdBa,Cu;0-.; for the Nominal
Composition and Refinement of Oxide Inclusion in GdABCO Films
BRI, QAAY, oA, ET 2, FAU L (A2 S, A(THAT
The phase stability of the GdBa,Cu;075 (GdBCO) compound was
carefully investigated for the specimens with the nominal composition
of Gd : Ba: Cu=1:1:2.5 in low oxygen pressures (PO,) region
of 1 - 150 mTorr. Since this composition has been employed for the
fabrication of GdBCO coated conductors via the reactive co-
evaporation deposition and reaction (RCE-DR) process, an accurate
determination of the phase stability boundary of GdBCO for this off-
set composition from GdBCO is prerequisite for the processing
optimization of RCE-DR since the growth conditions of GdBCO film
can be fully understood. For this study, Gd-Ba-Cu-O amorphous
precursor films were deposited on LaAlO; (001) substrates at 200°C
by pulsed laser deposition (PLD). By reel-to-reel tube furnace, as-
deposited amorphous films were annealed at various high temperatures
in low PO,. Experimental results reveal that GABCO is formed by
reaction of Gd,O; + L; = Gd,CuO, + L, = GdBCO + Gd,CuO, +
CuyO. Additionally, to enhance the pinning properties, size-refined
Gd,0; or Gdy,CuO, phase is trapped in matrix via the process
condition of maximized nucleation rate and minimized growth rate.
Details will be presented for a discussion.

This work was supported by the Korea Institute of Energy
Technology Evaluation and Planning (KETEP) and the Ministry of
Trade, Industry & Energy (MOTIE) of the Republic of Korea (No.
20131010501800).

G1-17 Relation between Ferroelectric and Piezoelectric Hysteresis
Loops
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Ferroelectric  polarization-electric  field hysteresis loops and
piezoelectric strain-electric field hysteresis loops of ferroelectric
materials are systematically compared especially in the viewpoint of
coercive fields. Ferroelectric hysteresis loops were simulated with
simple hyperbolic functions by considering linear dielectric responses
and non-linear switching responses. And piezoelectric hysteresis
loops were simulated with piezoelectric responses of domains. And
the simulated hysteresis loops were compared with experimental
hysteresis loops of piezoelectric BiFeO;-BaTiO; ceramics. Based on
these results, electric-field dependent piezoelectric constants d of
samples were calculated.

G1-18 Phase Transitions and Piezoelectric Properties of
(NagsKo5)(Nb1..Sb,)-SrZrQO; Ceramics

AV, o], AN, oleh T, 2. /) dhiz

0.96(Nay sK5)(Nb;Sby)-0.04SrZrO; ceramics with 0.0 <x<0.06
were well sintered at 1060°C for 6 h without a secondary phase.
Orthorhombic-tetragonal transition temperature (7p.7) and Curie
temperature (7¢) decreased with the addition of Sb,Os. The decrease
in Tc was considerable compared to that in 7o and thus the
tetragonal phase zone disappeared when x exceeded 0.03. Therefore,

a broad peak for orthorhombic-pseudocubic transition as opposed to
that for orthorhombic-tetragonal transition appeared at 115°C ~
78.2°C for specimens with 0.04 <x<0.06. An orthorhombic
structure was observed for specimens with x < 0.03. However, the
polymorphic phase boundary (PPB) structure containing orthorhombic
and pseudocubic structures was formed for the specimens 0.04 <x
< 0.06. Furthermore, a specimen with x = 0.055 exhibited a large
piezoelectric strain constant of 325 pC/N, indicating that the
coexistence of orthorhombic and pseudocubic structures could
improve the piezoelectric properties of (NagsKqs)NbO;-based lead-
free piezoelectric ceramics. In addition, the PPB structure containing
tetragonal and pseudocubic structures and its effect on the
piezoelectric properties will be also discussed in this work.

G1-19 A Study on the Composition and Process to Development
of High Energy Capacity Zinc Oxide Varistor
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G1-20 The Study on LDH Fabrication Method to Reduce
Atmospheric Carbon Dioxide Concentration using Water
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The effects of global warming due to the increase of atmospheric
carbon dioxide concentration are very serious. Therefore, many
researches are in progress to solve this problem in various fields.
Carbon capture and storage (CCS) is one of the most studied methods
for reducing the concentration of atmospheric carbon dioxide.
However, it has cost disadvantages and required much research at the
national level in the future. Hereby we propose a new method for
reducing the atmospheric carbon dioxide concentration. We have
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succeeded in producing Zn-ALLLDH which is one of the Layered
Double Hydroxide (LDH) materials currently being studied in
electrical, mechanical and construction fields using Al doped ZnO
(AZO) thin film and water. LDH is a structure that Carbonate ions
are trapped in between two hydroxide layers. After LDH formation,
the carbon dioxide concentration in water was decreased and then it
was recovered again with time. These mechanisms can be used to
reduce the atmospheric carbon dioxide concentration while creating
LDH in the real industry. We will compare the LDH formation time
with temperature and pressure. Through this study, it is expected to
present a new direction for the environmental problem caused by the
atmospheric carbon dioxide concentration.

G1-21 Core Loss Improvement in the Soft Magnetic Composites
Composed of Alumina-coated Fe Metal Powder
gFo IR o] &3 F e Foj2x JjA
HPE', oA, RAE, 4. A2
In recent years, the soft magnetic composites (SMC) have attracted
great interest for the potential applications in electromagnetic circuits,
induction field coils, and magnetic field shielding. The eddy current
loss has been effectively reduced by an insulation-coating on the
magnetic metal powder. For the same purpose, we have tried to
fabricate a core-shell structure composed of a Fe powder core and
Al,O;5 shell layer by the sol-gel method. In this study, we investigated
the influence of coating time on the magnetic properties of the Fe
powder. To evaluate the core losses of samples, the toroidal cores were
fabricated by mixing Al,O;-coated Fe powder with a resin. The
microstructural analysis of Fe powder coated with Al,O; was
conducted using field emission-scanning electron microscope (FE-
SEM) and transmission electron microscope (TEM). The magnetic
properties were characterized by performing inductance analysis and
B-H curve analyzer.

This work was supported by a Grant from world class 300 (0417-
20160119).

G1-22 The Post-annealing Effect of GdBa,Cu;0;; Coated
Conductors via RCE-DR Process

RCE-DR 332 2 |2 ¥ GdBCO Coated Conductors] FLA 2
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& Advanced Materials Corporation (SuNAM Co.)

We report the improved superconducting properties of GdBa,Cu;0-.
s (GABCO) coated conductors (CCs) by a post-annealing process. On
the basis of the stability phase diagram of GABCO, the GdBCO CCs
fabricated by a reactive co-evaporation deposition & reaction (RCE-
DR) process were post-annealed at the temperatures of ~800°C in low
oxygen pressures below 1 Torr. The pinning properties of annealed
GdBCO samples were sensitive to the annealing conditions, including
oxygen pressure, temperature, and time. In comparison with as-
prepared sample, post-annealed GABCO CCs could be improved in
the magnetic direction parallel to c-axis. It was found that the
microstructure and superconducting properties of GdBCO CCs
strongly depend on the post-annealing condition. In this presentation,
details of the relationship among the post-annealing conditions,
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microstructure, and superconducting properties of GABCO CCs are
discussed.

This work was supported by the Korea Institute of Energy
Technology Evaluation and Planning (KETEP) and the Ministry of
Trade, Industry & Energy (MOTIE) of the Republic of Korea (No.
20131010501800).

S11-1 Fabrication and Optimization of Operation Condition of
Pt-doped SnO; Thin Film Micro Gas Sensor to CO, Toluene, and
HCHO Gases
Pt7} 37F2 SnO, B9} vlo]| 22 71244 9] A&} CO, toluene,
283 HCHO 7} ti§ 54
AR, VAR o\ FR A 5, AR E A e
Undoped and Pt-doped SnO, thin film based micro gas sensors were
fabricated with thicknesses of 50 and 120 nm using RF sputtering on
MEMS structure, and their gas sensing properties to 25 ppm CO, 25
ppm toluene, and 1 ppm HCHO gases were characterized with various
power consumptions from 24 mW to 45 mW. Thin film-based gas
sensors are appropriate to mass production, since semiconductor
fabrication process ensures a well-defined sensing area. To investigate
gas selectivity of the fabricated micro gas sensors, we added Pt
catalyst and adjusted thickness of sensing thin films and working
temperature. We further discuss on the mechanism of the selectivity
and the effects of Pt doping. The results of this study suggest the
possibility of employing thin film-based micro gas sensor, which have
significant advantages on mass productivity and cost effectiveness.
[Acknowledgement] This work was supported by the Project
No.10043800 by MOTIE and KEIT.

S11-2 Downsizing Gas Sensors for Internet of Things: Funda-
mental Aspects of Sensing Area on Gas Sensing Property
AHERIEY 382 AF £FSIEAA: k= A 44 84
ZA999 718 ¥
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Internet of Things (IoT) offers the ability to measure, infer and
understand environmental information. In particular, gas sensors can
offer enormous information regarding the state of air quality,
especially the presence of unusual gaseous species. In order to
improve gas sensing properties, various studies based on nano-
structured materials, catalysts and heterojunctions are mainly
performed until now. However, the importance of relationship
between sensing area and gas sensing properties have overlooked,
even though it is closely related to low-power consumption,
portability and integration with electronic circuits, which is essential
for applying the gas sensor to IoT.

In this study, we designed the sensing area of Pt-interdigitated
electrodes, 1 mm x 1 mm, 0.5 mm x 0.5 mm, 0.3 mm x 0.3 mm, and
0.1 mm % 0.1 mm, and deposited In,O; nanocolumns using glancing
angle deposition (GLAD). For the first time, effect of interface
resistance between electrodes and sensing materials, and intergrain
resistance between nanocolumns are analysed by linear fitting as a
function of sensing area and incident angle of GLAD. For the
dominant interface resistance, the intrinsic response was weaken to
target gas because the change in band bending only appear at the
intergrain resistance, resulting in low response. Furthermore, we are



confident that our demonstration for the effect of electrodes on
miniaturize the gas sensor makes an important contribution to the
chemical sensor field with broad interest.

S11-3 Nickel Oxide Decorated Cobalt Oxide Nanorods for
Enhanced Gas Sensing Properties
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In modern residence, human activities inside buildings has become
extensive and recent researches revealed that individuals spent
approximately 88% of their day inside buildings.Therefore, indoor air
quality has attracted great attention due to potential harmful gases
which arise from building products. Since repeated exposure to
harmful gases can induce various illnesses and damages to human
body, highly sensitive and selective detection of harmful gases is
demanded. Herein, we report a facile fabrication method of NiO-
decorated Co;0,4 nanorods using glancing angle deposition (GAD) in
multiple steps. The distribution of NiO is controlled by changing
thickness of Ni film. Compared to bare Co;0, nanorods, NiO-
decorated Co;0,4 nanorods show enhanced responses to various gases.
It is attributed to the utilization of p-p heterojunction between Co;0,
and NiO by forming a hole accumulation layer on NiO and a hole
depletion layer on Co;0,. As Co;04 nanorods provide major current
path, hole depletion layer can contribute to enhanced sensitivity upon
gas molecule adsorption. Our results demonstrate that the decoration
of NiO by multiple step GAD is an effective method for enhancing
gas sensing performance of p-type metal oxide nanostructures.

S11-4 Fabrication and Characterization of Oblique and Vertically
Aligned Cuy=120:SnO; Thin Film for Low ppm Range H,S Gas
Sensing
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Among various H,S gas sensors, the copper oxide (CuO)-tin oxide
(Sn0O,) is gaining an outstanding sensing property because it enables
the high response at low concentration H,S. However, typical Cu,O-
SnO, structure gas sensors have that the slow response and recovery
speed have been identified with the statistical distribution of p-n
junctions throughout the bulk, and the limited penetration of H,S
molecules to the interior regions of the bulk. Decreasing the
shortening the response and recovery time is still a challenge.

In this study, a facile spray method was adopted to fabricate
Cuyx=120:Sn0; thin film nanocomposites for H,S gas sensing. The
Cu,O-doped SnO, films was selectively synthesized by one-step heat
treatment process from an identical precursor on the surface of spray
deposited SnO, film. The synthesized nanorod films were
characterized by TEM, XRD. The synthesized Cu,O:SnO, thin-film
nanocomposites exhibited a fast response and recovery speed at room
temperature.

S11-5 Signal Processing Techniques for Chemical Sensors Array
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G as/Odor sensing system based on an array of chemical sensors
together with associate electronics that display broad specificity and
high sensitivity to odorous chemicals has been implemented as so
called ‘electronic nose’. The human sense of smell is perhaps the most
interesting and yet is understood the least. There is considerable need
for an instrument that could mimic the human sense of smell and to
be used extensive range of applications. These range from food and
medical industry to environmental monitoring and process control. In
presentation, we discuss signal processing from sensors and sensors
array, which are including scaling and normalization, to extract
patterns. Chemical sensors array produces multidimensional patterns
of data that may be used as ‘fingerprints’ to differentiate between
different chemicals. We describe how can handle multidimensional
data to discriminate gases/odors using various pattern recognition
techniques. We also discuss and introduce chemical gas sensors as a
viewpoint of systems, which were developed in our laboratory
according to applications. Chemical sensing system has been used to
measure both simple and complex gases/odors in many fields of
application to date. In conclusion, we emphasis the chemical sensing
system is capable to use the variety of applications combined with the
suitable functional materials.

S11-6  Selective and Controlled Integration of Nanomaterials on
MEMS/NEMS Platform and its Application to Environment
Sensors
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Despite the advantages of one dimensional (1D) nanomaterials, their
applications have been limited due to the lack of economic, well-
controlled and reliable integration processes on functional devices.
Accordingly, various methods such as dielectrophoresis, optical
trapping, and nanomanipulation have been developed for the
controlled integration and assembly of 1D nanomaterials. However,
they still cannot provide high controllability, reproducibility and
manufacturing throughput. Here, I will explain an alternative method
based on a localized, low-temperature and liquid-phase reaction for
the selective synthesis and in-situ integration of 1D nanomaterials at
desired locations on the devices [1]. Local synthesis and direct
integration of nanomaterials is enabled by localized Joule heating at
the desired hot spots, and convective mass transfer of precursor and
selective endothermal chemical reaction occur at the hot spots, all in
liquid phase. The advantages of this method are (a) direct synthesis
of nanomaterials without further integration steps, (b) simple and
inexpensive setup, (c) minimal requirement of materials and energy,
(d) robust contact between nanomaterials and device. It has been
demonstrated that this method is very useful for the fabrication of
multiplexed gas sensor array [2,3].

[1] D. Yang, 1. Park,et al., Adv. Mater. 27 (2015) 1207

[2] D. Yang, 1. Park, et al., Sci. Reports 5 (2015) 8149

[3] D. Yang, L. Park, et al., ACS Appl. Mater. Inter. 7 (2015) 10152

S11-7 Ultrahigh Sensitive and Selective Humidity Sensors Based

on rGO/MoS, Hybrid Composites
3 2% 3 YA rGO/MoS, 718 FEAA]
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Nowadays, indoor humidity control is essential for improving the
quality of human life. Indoor humidity has significant effects on
human health, by promoting the emergence of substances such as
fungi and viruses, and the emission of volatile organic compounds
(VOCs) from the furniture which may result in several diseases.
Therefore, detecting the concentration of indoor humidity is very
important for our healthy life.

Reduced graphene oxide (rGO) is a graphene derivative which can
be synthesized in large quantities with low cost using inexpensive
reagents and simple fabrication process. Moreover, MoS, shows
excellent humidity sensing properties according to its extensive active
area and semiconducting characteristics.

Here, we investigate the humidity sensing behavior of reduced
graphene oxide/Molybdenum disulfide hybrid composites (RGMS).
RGMS showed increased sensing properties compared to the pristine
rGO and MoS; each. The enhanced sensing properties are attributed
to the formation of pn junction, increasing depletion layer at the
interface of RGMS. The gap of potential energy between dry air and
wet air gets extremely increased in RGMS than in rGO. This study
broadens the potential of RGMS for humidity sensing applications.

S11-8 Chemically Fluorinated Graphene Oxide for Room
Temperature Ammonia Detection Capability at ppb Levels
E43 29 SAo|E 7t 23T FL gRYo} 71X A4
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Chemoresistive gas sensors based on two-dimensional (2D) materials
such as graphene-based materials have attracted significant research
interests due to its potential use in the next-generation technologies
including the Internet of Things (IoT). However, required performances
for the IoT like high selectivity, sensitivity, and reversible gas sensing
behaviors have to be satisfied. Functionalization of 2D materials is
considered as a key strategy to achieve the superior gas sensing
properties because it can modulate chemical and electrical properties
of 2D materials. Here, we present a facile synthesis and room
temperature gas sensing properties of chemically fluorinated graphene
oxide (CFGO) prepared by a solution process. The CFGO sensor
exhibited ultrahigh response, selective and reversible NH; sensing
with detection limit of ~20 ppb. Influence of fluorine doping on
sensing mechanism is investigated by first-principles calculations
based on density functional theory. The calculations reveal that the
doped fluorine changes charge distribution on functional groups in
graphene oxide, resulting in preferred selective adsorption and
desorption of NH; molecules. We believe that the remarkable NH;
sensing properties of CFGO and the investigation by the calculations
enlarge the possibility of functionalized 2D materials for practical gas
sensing applications such as IoT.

S11-9  Pd-SnO; Yolk-shell Micro-reactors with Catalytic Co;Oy
Overlayer Sensors for Ultraselective Detection of Sub-ppm-level
Benzene
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Benzene is a toxic and ubiquitous gas known to induce leukemia.
Accordingly, the precise monitoring of benzene is indispensible to
evaluate air quality and to protect human being from toxic gas.
Unfortunately, the BTX (Benzene, Xylene, and Toluene) gases with
benzene ring are chemically stable and thus less reactive to oxide
semiconductor gas sensors. Moreover, similar chemical structures of
BTX gases hamper the discrimination among BTX gases. In this
study, a new strategy to detect sub-ppm-level benzene in a highly
selective manner using oxide semiconductor chemiresistors has been
suggested. The Pd-SnO, yolk-shell sensing film coated with catalytic
Co;0, overlayer showed ultrahigh response (resistance ratio = 89) to
5 ppm benzene with negligibly low cross responses to other typical
indoor pollutants such as toluene, xylene, HCHO, CO, and ethanol.
Such a high performance of benzene detection is explained in that the
synergistic combination of catalytic Co;04 layer and Pd-SnO, yolk-
shell micro-reactors promoted the reforming of extremely stable
benzene into smaller and more active species, while it oxidized other
representative indoor pollutants into non- or less-reactive species.

S11-10 Oixde Nanomaterials Based Hydrogen Sensing
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We report a mechanism for the exceptional hydrogen gas (H,) sensing
ability of ZnO nanomaterials. In comparison to SnO,, the most widely
used sensing materials, ZnO nanomaterials show much outstanding
H, gas response and unmistakable H, selectivity. Different from the
reducing gas effect observed in SnO, nanofibers, a semiconductor-to-
metal transition that occurs in the presence of H, gas molecules is
responsible for the exceptional response and selectivity of ZnO
nanomaterials to H,. In addition, the use of metal organic framworks
is presented as an example of enhancing H, sensing selectivity of ZnO
nanomaterials.

S11-11  Cr,05/ZnCr,04 Hetero-nanostructures for Selective and
Sensitive Detection of Xylene

AAE", AAE, Yk, A9, °15&. 25
Cr,03/ZnCr,04 nanocomposite powders were synthesized by
galvanic replacement of the Zn in pure ZnO hollow spheres by Cr and
subsequent heat treatment. The Cr,O3/ZnCr,0, hetero-nanostructures
showed a high response of 69.2 to 5 ppm xylene and the response is
significantly higher than other interference gases such as ethanol,
acetone, methanol, benzene, formaldehyde, carbon monoxide, and
ammonia (1.2 - 3.9) at 275°C. However, the sensors using pure ZnO
and Cr,O; powders showed higher responses to ethanol and single-
phase ZnCr,O4 showed no substantial response and selectivity to any
specific gases. These results demonstrate that the co-existence of
Cr,03 and ZnCr,0; is a critical factor for selective sensing of xylene.
Furthermore, galvanic replacement reaction enables the formation of
uniform, intimate, and small-sized hetero-nanostructures which can
effectively utilize two different catalytic promotions for xylene at the
interfaces. The galvanic replacement can be a promising synthetic
method to enhance gas sensor performances.

S11-12 Pt Catalyst-Loaded WO; Nanobelts Using Bio-Inspired
Templates for Selective Detection of H,S
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Pt catalyst-loaded macro- & mesoporous WO; nanobelts (NBs) were
fabricated using electrospinning combined with bio-inspired
templates and colloidal polystyrene (PS) (750 nm). PS sphere, tea
saponin and apoferritin protein, as sacrificial templates, were
thermally decomposed after calcination, leading to the formation of
macro- and mesopores on the surface of WO; NBs. Bi-modal pores
improve gas permeability into the sensing layers as well as numerous
reaction sites for effective chemical reactions. In addition, Pt
nanoparticles (NPs) were synthesized by using biological protein
cages, i.e., apoferritin, and uniformly dispersed on the WO; NBs to
further enhance gas sensing performance. The Pt catalyst-loaded
macro- & meso-porous WO; NBs showed remarkably high hydrogen
sulfide (H»S) sensitivity (Ru/Rgas = 61 @ 1 ppm) and superior
selectivity to H,S against acetone (CH;COCH;), toluene (C;Hg),
ethanol (C,HsOH), ammonia (NH;) and carbon monoxide (CO).
These results demonstrate the high feasibility of the Pt-WO; NBs as
a potential application in exhaled breath analysis.

S11-13  Au-functionalized SnO, Nanowells for Diagnosis of
Colorectal Cancer with Extreme Selectivity to Methyl Mercaptan
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During the past decades, emitted gases from human’s body consist of
many different molecular species and their composition gives
valuable information about biochemical processes in the body. Also,
they have been proved to be successful in diagnosing diseases. Hence,
various sensors have been studied as non-invasive testing alternatives
for numerous traditional disease diagnoses by detecting emitted gases
from human’s body. Metal-oxide nanostructures have received
considerable attention in sensor society due to high sensing
performance. Especially, tube-like nanostructures with excellent
accessibility of target gases have been regarded as the most promising
material platform for high performance gas sensors. However,
methods to fabricate the tube-like nanostructures are complex. In
addition, no work has been reported for metal decoration on the entire
surface of tubular nanostructures although the metal decoration can
enhance the gas sensing properties.

In this study, we present an effective strategy for highly ordered
tube-like nanostructures, namely, Au-functionalized SnO, nanowells
for diagnosis of colorectal cancer with extreme selectivity to methyl
mercaptan using soft-template method with excimer laser annealing.
Various SnO, nanostructures are designed by controlling the laser
intensity. Upon exposure to various gases, Au-functionalized SnO,
nanowells exhibited high selectivity to CH;SH and their theoretical
detection limit is 0.037 ppt for CH;SH.

S11-14 Low-power-consumption Chemoresistive Gas Sensors
based on 2-dimensional Materials
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S11-15 Suspended Carbon Nanowire based Gas Sensor
TIFRE B Uiegolo] 7]ut 7k2AA
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In this talk, fabrication of monolithic suspended carbon nanowire-
based structures including single nanowire and nanomeshes, and their
applications as gas sensors are introduced. The suspended carbon
structures are fabricated using the carbon-MEMS process. Carbon-
MEMS is a versatile and cost-effective batch microfabrication
technology consisting of conventional UV-lithography and pyrolysis
which accompanies significant volume shrinkage resulting in the
simple formation of complex suspended carbon nanostructures
(minimum wire diameter ~ 120 nm). The suspended carbon nano-
wires show good robustness enough to be processed with photo-
lithography and deposition; this enables selective coating of gas
sensing materials (e.g. Pd nanoparticles and metal-oxide nanowires)
on the suspended nanowires without any complex alignment. The
functionalized carbon nanowires exhibited good gas sensing
capability down to 10 ppm of H, gas and 50 ppb of NO, gases
respectively. In this talk, strengths of suspended architecture in terms
of gas sensing performances such as sensitivity, durability and power
consumption will be introduced.

S11-16 Tailored Combination of Bio-inspired Templates for Pt
functionalized WO; Nanotube Scaffold Toward Superior H,S
Sensors
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Rational design of nanostructures of the sensing layers with effective

B}

catalyst loading method is essential to fabricate high performance
chemical sensors even at highly humid ambient (>95% RH)
possessing sub-ppm level gas detectability. In this sense, herein,
multiple bio-inspired templates are introduced to achieve two
strategies, i.e., (i) synthesis of WO; tubular scaffold by utilizing the
self-agglomerating nature of cellulose nanocrystal (CNC) during
single-spinneret electrospinning process and (ii) functionalization of
apoferritin derived highly dispersive Pt catalytic nanoparticles (2.22
+ 0.42 nm). The WOs; tubular structure has advantages in enhancing
gas accessibility as well as increasing the gas adsorption-desorption
reaction sites. In addition, superior selectivity toward hydrogen sulfide
(H,S) was obtained from the CNC driven structural effect.
Furthermore, synergistic effects stemmed from the effective catalyst

functionalization, inducing superior H,S sensitivity (R/Rgas = 200 at
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1 ppm), maintaining exceptional selectivity under highly humid
atmosphere. It surely paves the new path for controlling the selectivity
by utilizing the structure as well as enhancing the sensitivity by means
of effective catalyst functionalization.

S11-17 Selective Detection of Xylene Gas Using NiO/NiMoO,
Nano-composite Hierarchical Spheres
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Xylene is one of the hazardous VOCs (Volatile organic compounds)
gases, which may induce the diseases on central nervous system and
attack various respiratory organs. To date, in general, xylene sensors
using oxide semiconductors show high cross-responses to interference
gases such as ethanol, toluene, and formaldehyde. Thus, Selective
detection of xylene is a challenging issue. In the present work,
using NiO/NiMoO, nano-composite
hierarchical spheres were prepared by hydrothermal reaction. The
NiO/NiMoO, sensors showed high response to sub-ppm-level p-
xylene with negligible cross-responses to chemically similar benzene
and toluene as well as other VOCs gases. The gas sensing mechanism
of NiO/NiMoO, nano-composite hierarchical spheres were discussed
in relation to the high gas accessibility of hierarchical structures,
electronic interaction between NiO and NiMoO,, and synergistic
catalytic promotion of sensing reaction by NiO and NiMoO,.

selective xylene sensor

S11-18 Tellurium-based Ultra-high Sensitive Hydrogen Sulfide
Gas Sensor Operating at Room Temperature and Enhanced Fast
Response by Modification of Microstructure
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Hydrogen sulfide (H,S) is a colorless gas with a characteristic foul
odor of rotten eggs which is very poisonous, corrosive, flammable and
explosive. The monitoring of H,S gas in real time is essential to
prevent unexpected risks, such as headaches, dizziness, and loss of
consciousness or death for Long-term or low-level exposure, for safe
working environments at room temperature to avoid unexpected fire.
So far, various studies have shown room temperature sensing of H,S
using hetero-structured metal oxides but crucial limitations for
practical application such as low sensitivity, relatively too slow
response, and irreversible recovery at room temperature are still
remained and solving these problems are very challenging.

Herein, we demonstrated H,S gas sensor consisted with Te thin film
deposited by the galvanic displacement reaction on silicon wafer. The
main advantage of Te deposition by GDR on silicon wafer is that the
microstructure of the device can be easily tailored using various
silicon architectures since Te layers grows on the surface of a silicon
wafer. In this study, we present ultra-high sensitive H,S gas sensor
base on rice-like Te thin film utilizing galvanic displacement reaction
as a low-cost and a heater-free room temperature operating gas sensor.
In addition, the effect of the microstructure on the sensing properties
such as response and recovery time was shown.

|62 - B3N Y

S11-19 Oxide Semiconductor Gas Sensors without Humidity
Interference
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Oxide semiconductor gas sensors react both with analyte gas and
ambient humidity. The interaction between humidity and oxide
semiconductor surface often deteriorates the gas response and changes
sensor resistance. Note that the ambient humidity is dynamically
changing and dependent on rain, season, and location. Accordingly,
the design of humidity independent gas sensors is essential to achieve
reliable gas sensing. In this presentation, a new and novel strategy to
eliminate the humidity dependence of the gas sensing characteristics
of oxide chemiresistors via dynamic self-refreshing of the sensing
surface was suggested. Pure In,O; hollow spheres showed a high
response to acetone in dry conditions but the sensor resistance and gas
response significantly changed and deteriorated in humid atmospheres
(relative humidity (r.h.) =20, 50, and 80%). In contrast, the humidity
dependence became negligible when an optimal concentration of
CeO, nanoclusters (Ce : In = 11.7 wt %) was uniformly loaded onto
In,O; hollow spheres via layer-by-layer assembly. The mechanism
underlying the dynamic refreshing of the In,O; sensing surfaces
regardless of humidity variation was investigated in relation to the role
of CeO, and the chemical interaction among CeO,, In,O3, and water
vapor.

S12-1 Review and Perspective of Studies on BNT-based Lead-
free Piezoelectric Ceramics
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S12-2  Origin of the Temperature-dependent Dielectric Relaxations
in B-site Ordered/Disordered PST Relaxor
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B-site cations (Sc**, Ta’") in Pb(Sc»Ta )03 (PST) ceramic can be
ordered and/or disordered by different thermal treatments after
sintering. When PST annealed at a suitable temperature for an
appropriate period, the B-site cations become ordered (PST-O), which
behaves like ferroelectrics. However, when the PST is quenched from
a certain temperature far above the sintering temperature, the B-site
cations can remain disordered (PST-D) at room temperature, which
behaves like canonical relaxor ferroelectrics. The degree of B-site
ordering was calculated from the ratio of the intensities between the
superlattice reflection (111) and the adjacent lattice reflection (200)
based on an X-ray diffraction technique. The electric-field-induced
properties and dielectric properties of PST-O and PST-D were
investigated at various temperatures ranging from -70 to 150°C, with
reference to their dielectric permittivity maxima, where most
phenomena characterizing ferroelectrics and relaxor ferroelectrics
take place. As we expected, PST-O and PST-D showed typical
polarization hysteresis, strain and switching current curves of the
ferroelectrics’ and the relaxor’s respectively. The dielectric relaxations
was evident in Cole-Cole plots depicted from the real (¢') and
imaginary part (¢") of the dielectric permittivity. Dielectric relaxation
processes were shown to change near their dielectric permittivity
maxima. In this study, we would like to explore their physical
meaning.

S12-3 Structural and Piezoelectric Properties of CuO-added
0.96(Nay5Ko5)(Nb1Sby)O; - 0.04CaTiO; Lead-free Piezoelectric
Ceramics
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0.96(Nag sKo5)(Nb;Sb,)03-0.04CaTiO;  (0.00<x<0.08) were
prepared by conventional solid state method. Specimens containing
2.0 mol% CuO were well sintered at low temperature of 970°C and
a dense microstructure with large grains was formed in these
specimens due to the liquid phase sintering.

A polymorphic phase boundary (PPB) structure, in which both the
orthogonal and tetragonal phases coexisted, was observed from the
specimens with 0.00 <x<0.03. This PPB structure changed to
tetragonal structure for the specimen with x = 0.04. Finally, the
specimens with x = 0.045 exhibited the other PPB structure, in which
the tetragonal and pseudocubic phase coexisted. In addition, Curie
temperature (7,) decreased with the increase of x (Sb>" ions). The
specimens with x = 0.045 showed the maximum £, values of 0.48 with
ds; values of 245 pC/N. Furthermore, the ds; values of the specimens
increased with the increase of x and the maximum ds; value of 301
pC/N with k, value of 0.40 were obtained from the specimen with x
=0.07. Variations of the piezoelectric properties were explained using
the change of crystal structure.

S12-4 Anisotropic Electrical Properties of Biys(Na,K)ysTiOs;—
based Ceramics Fabricated by Reactive Templated Grain Growth
Reactive Templated Grain Growth % 2 2 | 23} Bi, s(Na,K), s-
TiO Al A2e] 2] 2713 o4

QU 282 oA |22tz “UNIST

Recently developed lead-free incipient piezoceramics are promising
candidates for off-resonance actuator applications with their excep-
tionally large electromechanical strains. Their commercialization
currently faces three critical challenges: high driving electric field
required for delivering the potentially available large strains, large
strain hysteresis inappropriate for precision devices, and relatively
large temperature dependence. Textured Bigs(Nag7sKo22)0sTiO;3-
baed ceramics were fabricated by reactive templated grain growth
(RTGG) method with the viewpoint of improving the strain response
and reducing the driving electric field from grain orientation. Textured
BNKT-based ceramcis show high orientation factor (lotgering’s
factor > 90%), and exhibited large strain values (S>0.45%) at
relatively lower applied electric field (<45 kV/cm), which
corresponds to a normalized strain (S /Emax) of > 1000 pm/V. The
crystallographic orientation of the direction perpendicular to the
casting direction for textured BNKT-based ceramics are <200 >
instead of [002] that is commonly aimed at for tetragonal systems
during TGG process. In this study, we studied the anisotropic
electrical properties of the textured BNKT-based ceramics by
constraining polarization to the in-plane direction to casted surface.

S12-5 Growth of 0.8(NaysBijs)TiO5-0.2(Ca,,Sr,)TiO; Single
Crystals by Solid State Crystal Growth

LE GIA PHAN", I.G. Fisher. Chonnam National University
Ceramics based on (NaysBs)TiO; (NBT) are well-known as
promising candidates for lead-free piezoelectric actuator applications
because of an extraordinarily large strain generated by a field-induced
phase transition. Many modified NBT solid solutions such as NBT-
BaTiO;, NBT-SrTiOs;, NBT-CaTiOs;, NBT-(KsBs)TiOs, etc. were
synthesized to improve the piezoelectric properties. The (1-
x)(Nay sBig5)TiO5-xSrTiO; system exhibits a morphotropic phase
boundary at x=0.2-0.3, leading to higher values of converse
piezoelectric constant d*;3. The piezoelectric properties can be further
improved by producing single crystals of ceramic materials. In this
work, 0.8(Nay sBig5)TiO5-0.2(Sr;.«Ca,)TiO; single crystals have been
grown for the first time by solid state crystal growth technique.
0.8(Nay sBig 5)Ti05-0.2(Sr; «Ca,) TiO; powder with x =0, 0.1, 0.2, 0.3,
0.4 was synthesized by solid state reaction. SrTiO; [001]-oriented
seed single crystals were buried in the powder, pressed into pellets,
and then sintered at 1200°C for 1, 3, 10 and 20 h. The grain size and
single crystal growth distance as a function of Ca concentration were
investigated in detail. Matrix grain growth in the 0.8(Nay sBij5)TiOs-
0.2(Sr;,Ca,)TiO; samples was suppressed compared to that of
0.8(Nay sBig 5)Ti05-0.2SrTiO; samples when sintering for a long time,
therefore enhancing the driving force for single crystal growth,
especially at x = 0.3.

S12-6 Piezoelectrically “Hard-Type” PMN-PT and PMN-PZT
Single Crystals for High Power Piezoelectric Transducers
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Three different types of piezoelectric single crystals [PMN-PT
PMN-PZT (Generation II), PMN-PZT-Mn
(Generation IIT)] were grown by the solid-state single crystal growth

(Generation 1),

(SSCG) method, and their dielectric and piezoelectric properties were
measured and compared. Compared to (001) PMN-PT and PMN-PZT
single crystals, the (001) PMN-PZT-Mn single crystals exhibited a
higher transition temperature between the rhombohedral and
tetragonal phases (Tgy = 144°C), as well as a higher coercive electric
field (Ec = 6.3 kV/cm) and internal bias field (E; = 1.6 kV/cm). The
(011) PMN-PZT-Mn single crystals showed the highest coercive
electric field (Ec = 7.0 kV/cm), and the highest stability of E¢ and E,
during 60 cycles of polarization measurement. These results
demonstrate that both Mn doping (for higher electromechanical
quality factor (Q,)) and a (011) crystallographic orientation (for
higher coercive electric field and stability) are necessary for high
power transducer applications of these piezoelectric single crystals.
Specifically, the (011) PMN-PZT-Mn single crystal (Gen. I1I) had the
highest potential for application in the fields of SONAR transducers,
high intensity focused ultrasound (HIFU), ultrasonic motors, and
others.

S12-7 Growth of Single Crystals of (0.97-x)K 4sNays5,NbO;-
Biys(Nag;KqLio1)osZrOs-x(BiysNays)TiO; by Solid State Single
Crystal Growth and their Characterization

J.G. Fisher", Eugenie Uwiragiye, Muhammad Umer Farooq, Su-Hyun
Moon, Thuy Linh Pham, Dang Thanh Nguyen, Jong-Sook Lee. 775
5

Ceramics based on (KgsNags)NbO; are promising candidates to
replace lead-based piezoceramics such as Pb(Zr,Ti)O; and Pb(Mn3-
Nb,3)O0;-PbTiOs. Recent advances in the KNN system in merging the
phase
transitions have resulted in materials with properties comparable to

rhombohedral-orthorhombic and  orthorhombic-tetragonal

PZT. To improve the piezoelectrical properties yet further, single
crystals can be used. In this work, use of the solid state single crystal
growth technique to grow single crystals of (0.97-x)K.4sNag soNbOs-
Bigs(Nag 7K 2Lio.1)0.sZrO3-x(Big.sNag s) TiO; (KNN-BNKLZ-BNT) is
described. This technique uses conventional ceramic processing
equipment and is suitable for growth of single crystals of complex
composition.

Ceramic powder is prepared by the mixed oxide method. Seed
crystals of KTaOj; are embedded in pellets of the powder and sintered.
Single crystals of the ceramic powder composition grow onto the seed
crystals. The microstructure and structure of the single crystals and
surrounding ceramic matrix is examined using scanning electron
microscopy and X-ray diffraction. The phase transitions of the KNN-
BNKLZ-BNT single crystal are studied using micro-Raman
scattering and relative permittivity vs. temperature measurements.
The ferroelectric properties are also measured.

S12-8 Piezoelectric Properties of (1-x-y)PbZrOs-xPbTiOs-y-

Pb(Niy3Nby;3)O; Ceramics and their Application in Energy
Harvesters
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The structural and piezoelectric properties of (1-x-y)PbZrOs-
xPbTiO;-yPb(Ni;5sNb,3)O5 ceramics were investigated. Specimens
with a large Pb(Ni;3Nb,3)O; content, which have compositions close
to the triple point, show small g3; and ds3 % g3; values because of their
large £733/60. These values increased with a decrease in y (amount of
Pb(Ni;5Nby;3)0;) and the specimens with a rhombohedral structure
near the rhombohedral-tetragonal MPB exhibited large g3; and ds; x
33 values because of their large ds; and small &7/, that can be
explained by their polarization characteristics. Cantilever-type energy
harvesters were fabricated using specimens with 0.38 < x < 0.41 and
y = 0.29. The output power densities of the energy harvesters were
related to the ds, x g3, % k3,” value of the piezoelectric ceramics. The
energy harvester fabricated using a specimen with x =0.39 and y =
0.29, which has a maximum dj; x g3, % k3,°> value, showed the
maximum output power density of 1.01 mW/cm®.

S12-9 Energy Harvesting Charateristics of Piezoelectric Canti-
lever with Interdigitated Electrode
IDE PZT ¢} A H 9] U= spi2d 54

oWl A SR A Bfeoll TSI MEFl zHE! vwlQF?
RYEL T G A8, )
=2 P HRR(520 pCNYE 7 A=
o] glo|Z F| A8 Ao FTut A EE A 23T PZT AE &
ol Interdigitated Electrode (IDE)S ZH® FA S Fa) <13k
=
3

& 9Hd PZTE )83t

P2 FHOZ PZT laminateS A Z3 F §50=014 A 24

5 &3l o Al HE A xS T o] E 300 um F71€] SUS304
AA A 7]gke] AR w0 A 23 PZT laminateS 525}
unimorph WEHH o=] spABIE A8t 3-3 =9 3
EOHLM WHe 548 gelsty] flste] Ao 150 Hz7HA F3k4

WM AT FUEZ oA shul2B e =9 A9 At 5
"3 < Hrtste] 23 F7 344 (bending resonance frequency)S
AL, o] W FepA el wisle] we E9 1Y 545 &4
ate] oA P 2B 9] TS RIS & ATolA] Az
IDE U =32 e au] spll =Bl 100 Hz, 3 Go] 541 Fok¢ &
73 100 KQo| A gs ddstils o ) 3.8 mWe| =
< &9 A9 54103 mW/em?, 0.77 mW/ghem’yS UERN AT
ol 3-1 1 =9 o M o= e 2E 9} v w3}
B} 93 o qA] s A" AdsS VERHITH

S12-10 Flexible and High-performance Piezoelectric Energy
Harvesters for Bio-medical and Electronic Applications
EYME A SPZES T3 o] o] 8F AE H AL}
4
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Innovative electronic-based devices and ideas are undergoing
dramatic development for corporate, military, and medical applications.
Many of these products, including the internet of things (I0T), sensor
networks, and implantable devices, are designed to be compact,
portable, and wireless, which generally involve drawbacks for
periodic replacement of their batteries. A feasible solution is a
sustainable energy source that derives its electric power from the
ambient mechanical and vibrational energy such as human body
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movements, motor vibrations, and ocean/wind waves. Flexible energy
harvesters based on piezoelectric materials that can convert physical
energy into electric power are promising candidates to realize self-
powered flexible electronic systems and as permanent energy sources
for portable, wireless, and implantable devices. To realize high-
performance piezoelectric energy harvesters, high-efficient perovskite
inorganic materials such as ceramic PZT, single crystalline PMN-PT
and PIMNT were utilized as power sources for biomedical and
electronic applications. Especially these flexible piezoelectric
harvesters can be used to artificial cardiac pacemaker, deep brain
stimulation, and wireless sensor node system.

S13-1 The Electrical Characteristics of Fluorine doped ZnON
Thin-film Transistors
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S13-2 Low Temperature Fabrication and Structural Analysis of
1D Titanium Dioxide for Photocatalysis

ALY T, 1A Je72A 9] FEEA 2 F50154 37}
S DB, 82 B 3, 857 E A2 7
Titanium dioxide is one of the most versatile materials related to
various technological applications including gas sensors, dye-
sensitized solar cells and photocatalysis. Electrospinning is one of
simple methods for generating oxide semiconductor nanofibers by
combination with the sol-gel process. However, it is well known most
of the experiments using the electrospinning require more than 500°C
heat treatment. In this study, TiO, nanofibers were fabricated by the
sol-gel process and the electrospinning method. These nanofibers
made of heat-treated at a relatively low temperature of 280°C. Also
these nanofibers were subjected to UV cleaning process. Crystalline
phase, surface morphology, micro structure properties and surface
chemical states of fabricated nanofibers were characterized by XRD,
SEM, TEM, Raman and XPS, respectively. According to XRD
results, nanofibers were composed of the anatase and rutile mixed
phase at the calcination temperature of 280°C. The average diameter

of TiO, nanofibers were about 250 nm. Raman spectroscopy and XPS
results, it was confirmed that the residual carbon. Therefore, the
residual carbon of TiO, nanofibers was removed by UV cleaning. The
photocatalytic properties were evaluated by degradation of methylene
blue under solar light irradiation. The photocatalytic properties of
TiO, nanofibers were better compared to P25 powders. Especially, in
the case of the after UV cleaning TiO, nanofiber samples were
efficiency of about two times compared to P25 powder.

S13-3  Electrodeposition of Metal Oxide Semiconductor Thin

Films for Photosensitive Materials
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S13-5 Recent Progress of Oxide Semiconductor Material and
the Associated Thin Film Transistor

22 HHE BeA 2A9 2 9o EAALE 88 AT
WA e

Recent, oxide semiconductor material such as indium-gallium-zinc
oxide has been well-established as an active layers in display markets
because of low-off current and reasonable mobility. Although the
oxide semiconductor showed acceptable properties regarding device
mobility and stability, the occupation of display market is very
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limited. Thus, many researchers have still looked for combinatoiral
material survey, post-treatement, and alternative deposition process.
In this talk, I will discuss amorphous metal oxide and Zinc oxynitride
semiconductor materials, in terms of physical, chemical, and electrical
properties. Alsl, the associated devices exhibited high mobility
(30~100 cm?V.s) and fleixble applciations under low temprature
process.

S13-6 Nanoparicles for Self-emitting Display Applications
Wi JAAE o] &3 AdF t=EY ] Jle
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Extensive researches on carrier transport and emission characteristics
of nanoparticles have been conducted during past two decades
because the nanoparticles can provide superior functionalities in
display applications. Especially quantum dot semiconductor nano-
paricles with saturated emission characteristics have been successfully
commercialized in LCD applications. Recently, self-emitting devices
using quantum dot nanoparicles have been much interested in the
display and lighting applications because of their advantageous
characteristics such as wide viewing angle, fast response, high color
reproducibility, and thin thickness. The researches on quantum dot
devices have been advanced to all nanoparicles based structure from
hybrid structure of organic materials and nanoparicles because of the
stability and efficiency issues of the organic materials. In this
presentation, we report on the synthesis of nanoparicles for improving
the carrier transport and exciton confinement in the nanoparticles
based self-emitting devices.

G2-1 Accelerated Discovery of Heterostructured Photocatalyst
Materials by First-principles Calculations

o]F A% FEu o] th3 AL DAL L AIATF
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Seeking ideal heterostructured photocatalyst components is extremely
time-consuming and ineffective way because of many requirements
for being good photocatalysts in heterojunctions. In this talk,
computational methods to select ideal photocatalytic materials using
DFT calculations will be introduced. In addition, our recent successful
computational and experimental works where predictions from DFT
calculation guided real materials syntheses in cost-effective way.

G2-2 Synthesis and Characterization of the Nano-sized Nd ¢St 33-
Co00;, Perovskite Oxide Catalyst by Inverse Micro-Emulsion
Method as an OER Catalyst

Inverse Mirco-Emulsion© 2 $4J 3t Perovskite 28] Ndy 65T 35-
Co0s,, OER Catalyst®] $H4J3} 24
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Recently, perovskite oxide catalysts have received attentions because
of their high conductivity, electro-catalytic activity, and stability.
Nano-sized particles are well known to increase the electro-catalytic
activity and electrochemical performance. However, nano structure of
the perovskite oxides is difficult to fabricate because of their high
synthetic temperature. Even with high synthetic temperature, we
successfully fabricated and synthesized the nano-size perovskite
Ndy66S10.33C005.4 (NSC) particles via micro-emulsion method and
characterized its electro catalytic activity and electrochemical
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performance. The synthesized powder has very small size particles
(20 ~ 50 nm) with high specific surface area (12.8 m*g™") as compared
with those fabricated by the conventional process, such as solid state
reaction and sol-gel method. Because of the increased surface area and
nano-size effect, the synthesized powder demonstrates the excellent
catalytic activity for oxygen evolution reaction (OER) and, thus,
outstanding and stable electro-chemical cell performance in alkaline
solution.

G2-3 LiNipsMn; 50, Cathode Material Study for High Voltage
Lithium Battery
3¢ gt Bl ©1AFAA S LiNigsMn, s0, 9= &4 A+
AEF, Jult, BB, A9, FH g
H 7ud s 54 % IAFAEFH aMEAAE FAlel aFske A
71, AR}, S, Y88 A% FEE AT 24, AEY 28
] et 34 g A7) es =Yt AlFrol 7t
whet 21§ o] XA 7} o) F shtE 5 WAL gt
AA ZF oIxA 9 FF AFEEA LiCoO,7t B P A =2 Hol
3L Qlek v CoAl BlF o1&xFAI= Codl 3P E wi g
° 2 A%t 714 #A|, I T A 2l 2 AA ] tigh f3id o
ol M2 = AF9 7lidke] &ds] AP 2L ATt =5 oY
AP ze] FFoA dAl AHE-3aL A& LiCoO,7F 2AGS Ad
317 ol the A wid o] & tiA & F U= M2 AEC o
S A7 kel o] 23 itk 22 Foll A LiNigsMn, 504
F=FAEE 47V ol Y AREA AW 2 F o]Z A
o] 4 A B 2H ke A 7 F Shtol ok 2L} LiNigsMn, 50,
o] A71gkety BEAELS Mt o] 259 EA1 vig- RIZteic) &
Aol A= RF sputtering ©]-8-3} LiNigsMn, 50, 2H2HS -
oA Stainless Steel 7]Z$]ol| Z2bela A g A S Ealo] vt
o] ohFet x4, A71318H 5S4

G2-4 Synthesize of Li,S-P,SsSolid Electrolyte for All-Solid-State
Batteries (ASSBs) via High Temperature & Pressure Technique
(HTPT)

Z27REE T8 AZAAAE LiS-P,Ss A2 /4
oxd, ANE, NEQ, NES. Pt

Inorganic solid electrolytes such as LLTO, LLZO, LGPS and Li,S-
P,Ss have been widely investigated for all-solid-state lithium ion
batteries due to their inherent advantages in terms of safety and
reliability. Among the solid electrolytes, the Li,S-P,Ss glass-ceramics
electrolyte is of interest because its lithium ion conductivity can be
higher than 10? S-cm™ at room temperature. The Li,S-P,Ss solid
electrolyte is typically synthesized through planetary milling, and the
high lithium ion conductive thio-LISICON analog phase is obtained
during a high temperature post treatment process. However, Li,S-P,Ss
particles are obtained by planetary milling process have the tens-of-
micrometer scale particle size and broad particle size distribution.
Reducing the Li,S-P,Ss particle size could significantly enhance the
electrochemical properties of all-solid-state batteries.

In this study, we synthesized the Li,S-P,Ss solid electrolytes by
High Temperature & Pressure Technique (HTPT) and compared to the
conventional mechanical milling technique. The use of HTPT is
shown significantly smaller and more uniform particle size compared
to the mechanically milled sample, thanks to the uniform dispersion
of reactants in an organic liquid by stirring. Furthermore, the HTPT
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sample shows excellent electrochemical performances due to the
more intimate contact with the active materials such as LiCoO,,
LiNiCoMnO,, suggesting that the technique is promising for the
preparation of Li,S-P,Ss solid electrolyte.

G2-5 Defect Engineering toward Strong Photocatalysis of Nb-
doped Anatase TiO,: Computational Predictions and Experimental
Verifications
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Understanding the roles of point defects in optical transitions is a key
to the desirable engineering of photochemical materials. In this study,
the origins of the significantly varying optical and photochemical
properties of Nb-doped anatase TiO, were systematically investigated,
using density functional theory (DFT) calculations and experimental
verifications. We found from DFT calculations that the desirable band
gap reduction of anatase TiO, by ~0.1 eV reported in many of
experimental reports and the resultant improvements of photocatalytic
and photovoltaic efficiencies of Nb**-doped anatase TiO, are due to
the formation of complex (Nby-Vy;)* as the compensator of Nby;*.
Our experiments demonstrated that the O,-rich annealing, which is
expected to increase the concentration of desirable (Nbyi-Vpi)™
complex, narrows band gap of TiO, and strongly enhances the
photocatalytic activity of Nb-doped TiO, particle. On the contrary,
pure TiO, showed rather worse photocatalytic performances when
annealed in O,-rich atmosphere, which is due to the formation of deep
level by O-interstitial defect (O;). Theoretically obtained charge
effective masses could further explain the different photocatalytic
activities of undoped and Nb-doped TiO,.

G2-6 Self-encapsulated Sb-C Nanocomposite with High Capacity
and Stability as an Anode Material for Na-ion Batteries
&F0l& AA§ 1&%, IPAA Sb-C =B &5
Xuan-Manh Pham’, Ngo Duc Tung, ¥t2H3. F ool
Self-encapsulated Sb-C nanocomposite as an anode material for Na-
ion batteries was successfully synthesised using a facile sol-gel
method, followed by calcination in an inert N, atmosphere. The
obtained Sb-C nanocomposite was composed of primary Sn
nanoparticles with the size of ~40 nm encapsulated in carbon buffer
layer. Effect of the carbon content on the electrochemical performance
of the Sb-C nanocomposite was investigated. The Sb-C nano-
composite with an optimised Sb content of 50.87% exhibited the
superior electrochemical performance: almost 77.6% capacity
retention corresponding to 585 mAh g after 300 cycles of discharge-
charge at the rate of C/10. Impressively, the high reversible capacity
of 281 mAh g' was maintained even at the high rate of 10C.
Furthermore, a full-cell composed of Sb-C composite anode and
Na;V,(PO,); cathode exhibited good specific capacity and cyclability,
which enables Sb-C composite to become a promising anode material
for high-performance Na-ion batteries.

G2-7 Conformal Bi-layered Perovskite/Spinel Coating on a
Metallic Wire Network for Solid Oxide Fuel Cells via an Electro-
deposition-based Route
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Solid oxide fuel cells (SOFCs) require low-cost metallic components
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for current collection from electrodes as well as electrical connection
between unit cells; however, the degradation of their electrical
properties and surface stability associated with high-temperature
oxidation is of great concern. It is thus important to develop protective
conducting oxide coatings capable of mitigating the degradation of
metallic components under SOFC operating conditions. Here, we
report a conformal bi-layered coating composed of perovskite and
spinel oxides on a metallic wire network fabricated by a facile
electrodeposition-based route. A highly dense, crack-free, and
adhesive bi-layered LaMnO3/Co;0, coating of ~1.2 mm thickness is
conformally formed on the surfaces of wires with ~100 mm diameter.
We demonstrate that the bi-layered LaMnO;/Co;0, coating plays a
key role in improving the power density and durability of a tubular
SOFC by stabilizing the surface of the metallic wire network used as
a cathode current collector. The electrodeposition-based technique
presented in this study offers a low-cost and scalable process to
fabricate conformal multi-layered coatings on various metallic
structures.

G2-8 Various Factors Affecting SOFC Degradation Under H,S
Containing Fuel

ol@nl’, QJue). Pt

Solid oxide fuel cells (SOFCs) operate under various type of fuel, such
as biogas and syngas, due to their high operating temperature
(>700°C) without the need of pre-reforming. H,S poisoning is an
important issue for solid oxide fuel cells operated with biogas and
syngas. This study investigates the effect of hydrogen sulfide (H,S)
concentration of Ni/YSZ anode-supported degradation rates of
SOFCs. The electrochemical impedance spectra (EIS) of the cells
were measured in pure hydrogen fuel and compared to H,S additives
(before poisoning). The performance degradation was studied with
concentration of HpS (0~50 ppm) at 700°C under a constant current
(500 mA/cm?) condition. In all cases, the H,S contained in the fuel
caused a rapid drop in the cell performance (named 1st drop),
followed by a slow and steady deterioration (named 2nd drop). In the
2nd drop section, the high concentration of H,S accelerated the
voltage loss while the voltage drop was not observed at the low H,S
concentration (5 ppm). For post-test analyses, X-ray Diffraction
Spectroscopy (XRD), scanning electron microscopy (SEM) with
energy dispersive X-ray spectroscopy (EDS), and Raman spectro-
scopy were used. Raman results indicate nickel sulfides were formed
in the anode layer, especially at the high H,S concentration. Thus, the
degradation of SOFCs under H,S containing fuel is attributed to the
formation of the nickel sulfide at Ni anode.

G2-9 A Study of Electrocatalysis of Metal Nanoparticles Sup-
ported on a Mixed Conducting Oxide for High-Temperature
Electrodes
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G2-10 A Study on Adsorption Characteristics of Volatile Organic
Compounds over Flexible Zeolite Nanofibers
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In this study, flexible zeolite nanofibers of Y-zeolite and PVP polymer
composites were synthesized by electrospinning method and thermal
surface partial etching process. In the FE-SEM and AFM analysis,
although the zeolite nanofiber with no thermal surface etching showed
that the zeolite particles were covered by PVP polymer, the thermal
surface etched zeolite nanofiber showed that there were zeolite
particles exposed on the surface of nanofibers. The thermal surface
etched zeolite nanofiber at 400°C had a specific surface area of 816
m%/g, which was similar to the value of the zeolite powders. The
adsorption and desorption properties of toluene over flexible zeolite
nanofibers were investigated as a function of thermal etching
temperature and SiO,/Al,O5 ratio. The higher the SiO,/Al,O; ratio, the
better the VOC adsorption/desoprtion characteristics were observed.

G2-11 Highly Selective Alcohol and Water Sensor based on
Controlled Interaction between Solvent-Fluorophore-Silica
Substrate
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Differentiation of alcohols and water is an important issue of interest.
However, because of similar physical and chemical properties,
d iscrimination of alcohols such as methanol and ethanol is critically
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challenging without conducting sophisticated chemical analyses. In
this presentation, we will introduce a novel type of alcohol and water
sensor based on the controlled interaction among solvent analytes,
organic fluorophores, and a mesoporous silica gel substrate. A
systematic chemical structure design gradually shifts the interaction
of fluorescent diketopyrrolopyrrole (DPP) derivatives with the
mesoporous silica substrate and solvent analytes, which enable an
unique intermolecular aggregation behavior and extreme fluorescence
change of the organic fluorophores upon exposure to the different
alcohols and water. Superior selectivity of the devised sensor system,
which can clearly distinguish among water, ethylene glycol, methanol,
and ethanol, will be demonstrated.

G2-12 Preparation of Silicon Carbide Fiber Mats with Different
Solvent Medium
KHISHIGBAYARKHOSERDENE', 95, 3%,
ol

Flexible silicon carbide fibrous mats were fabricated by combination
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of electrospinning and polymer-derived ceramics route. Poly-
carbosilane was used as a solute with different types of solvent
mixtures such as toluene, xylene, dimethylformamide and acetone at
various volumetric ratio. Each medium showed a great impact on the
electrospinning parameters and it results varied formation of the spun
fibers. The electrospun PCS fibrous mats were cured under halogen
vapor atmosphere and heat treated at 1300°C. The prepared SiC
fibrous mats consist of randomly distributed fibers of approximately
3 um diameter.

S21-1 Improvement of Protonic Ceramic Fuell Cell (PCFC)
Performance through the Electrolyte Optimization

232 3 315 53 Protonic Ceramic Fuel Cell (PCFC)S] 4%
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It is generally known that the total electrical conductivity of
conventional polycrystalline BaZrO; is normally lower than that of
BaCeO; because the grain boundary conductivity of BaZrO; is
significantly lower than that of BaCeO;. However, BaZrOs have fairly
good chemical stability compare with BaCeOs. In order to overcome
these problems, solid solution of BaCeO;-BaZrO; has been introduced
as a new electrolyte composition with good performance and stability
at the same time because the material properties such as conductivity,
stability and sinterability are reflecting the characteristics of the two
systems.

In order to fabricate and evaluate the anode supported type PCFC,
we first fabricate the anode substrate via thermoset molding technique
by using the nickel oxide and electrolyte composite powder granules
which have been prepared by spray dry process. Thin electrolyte film
was coated on the anode substrate via screen printing. For the
electrolyte optimization process, the three types of electrolytes
(BZYCu, BZYCu/BCY and BCZY3) were used. For the fabrication
of the cathode, BaysSr;sCopgFey>05.; (BSCF) perovskite oxide was
used because it has been reported that it shows the best performances
in terms of area specific resistance (ASR) value and the most efficient
material for proton conducting electrolyte. The cathode was coated on
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the dense electrolyte and then electrochemical performance of full
PCFC was characterized at 650-500°C.

S21-2 The Study of Durable Intermediate Temperature-protonic
Ceramic Fuel Cells(IT-PCFCs) with Various Operating Logics
e A4 A8 1Y FALY Z2E Ay A=
AR e A7
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Proton conducting electrolytes have been studied extensively for use
of PCFCs. Recently, it was reported that BaZr;Ceg;Y0.1Ybo1055
(BCZYYDb) material showed a higher proton conductivity at
intermediate temperature (500 - 700°C) below and high chemical
stability in even H,O and CO, atmospheres. In this system of PCFCs,
the water product of chemical reactions is generated in at three phase
boundaries (TPBs) of cathode side. This is why proton passes through
electrolyte from anode toward cathode. This phenomenon makes
complex cathode reactions and result in degradation of electrode. For
the commercialization of PCFCs, it is indispensable not only to
understand these degradation factors, but to provide the solution for
preventing degradation of components in terms of operating logics.
In this work, the button-type single cell was fabricated by uniaxial
pressing method. And then, we suggest several operating logics for
preventing cell degradation.

S21-3 A Breakthrough to Improve the Performance and Stability
of Protonic Ceramic Fuel Cells
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Due to the high ionic conductivity and low activation energy in proton
conduction at the low-temperature region under 600°C, protonic
ceramics have been regarded as a promising electrolyte material for
low-temperature solid oxide fuel cells. Among them, yttrium-doped
barium zirconate (BZY) is most promising because of its high bulk
conductivity and excellent chemical stability against water vapor and
carbon dioxide conditions. However, the retarded sintering
characteristics of BZY leads to increasing grain-boundary density and
resistance, resulting in impractically large ohmic resistance in the fuel
cell operation.

In this work, we present a reliable and effective way to improve
performance of protonic ceramic fuel cells (PCFCs) using thin-film-
deposited BZY electrolytes. The novel multiscale-architectured
anodes allow the BZY electrolytes to have much reduced thicknesses
and single-grain columnar structure, providing short and fast proton
conducting path across the electrolytes. As results, the highest level
of power outputs among those of PCFCs have been successfully
achieved in the current study.

S21-4 MnO Exsolved Catalyst Nanoparticle on Layered Perovskite
for Solid Oxide Fuel Cell Anodes

SOFC Anode 8- MnO Nano Particle 1] 7} Exsolution®l Layered
Perovskite Oxide

Sivaprakash Sengodan'", 212 %92, VA€ . 'UNIST, > =14 4/ %} ) e}

Surface decorated electro-catalytic nanoparticles coupled with oxide
materials can effectively improve the electrochemical performance of
solid oxide fuel cells anode. Simple perovskite-type Ry sBay sMnO;_; (R
= Pr, Nd) experiences a stoichiometric phase transition to layered
double perovskite RBaMn,Os.s at high temperature under low pO,.
This phase transition enables a modification in equilibrium positions
to promote exsolution much more uniformly, involving the formation
of MnO rich particles. Clear evidence of MnO nanoparticle exsolution
from layered NdBaMn,Os. s matrix under high temperature reducing
condition was found by transmission electron microscopy. Here we
demonstrate the layered NdBaMn,Os. s ceramic anode matrix with
surface decorated MnO nanoparticles have been fabricated by in situ
annealing of NdysBa;sMnO;; in H, at 800°C. Yttria stabilized
zirconia electrolyte (120 um) supported fuel cell with layered
NdBaMn,Os.s prepared by infiltration generates maximum power
output of 580 mW cm? in wet H, (3% H,0) at 800°C.

S21-5 Cathodic Electrochemical Deposition of Doped CeO;:
Application as a Thin-Film-based Low-Temperature Solid Oxide
Fuel Cell Cathode
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Thin-film-based solid oxide fuel cells (SOFCs) have attracted much
attention due to their capability to lower the operating temperatures
(<600°C) and the resulting extended lifetime and reduced cost,
compared to conventional SOFCs. The low operating temperatures of
thin-film SOFCs require highly reactive electrode materials and thus,
platinum (Pt) is widely considered as a suitable candidate. However,
Pt forms “two-dimensional” reaction sites at the electrolyte-electrode
interfaces and suffers from poor long-term thermo-mechanical
stability. Therefore, there is a strong demand for the development of
robust Pt electrodes with three-dimensionally extended reaction sites.
Here, we fabricated doped CeO,/Pt composite thin-film electrodes to
enhance the electrode reactivity and stability. Nanostructured doped
CeO, layers were coated onto Pt surfaces via a simple, cost-effective
and scalable coating method known as cathodic electrochemical
deposition (CELD). (Sm,Ce)O,.4 (SDC) and (Pr,Ce)O,4 (PCO) were
selected as a coating layer. The resulting structures were examined by
SEM, TEM, XRD, XRF and ICP-MS. An analysis of the AC
impedance spectroscopy (ACIS) of symmetric cells (cathode|
electrolyte|cathode) with doped CeO, coatings revealed that the doped
CeO, layers remarkably improve ORR activity and long-time
durability of the thin-film electrode. These observations provide new
directions for achieving a robust and catalytically active electrode at
reduced operating temperature.

S21-6 Novel Redox Regenerative Layered Perovskite Electrodes
for Symmetrical Solid Oxide Fuel Cells
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Here we report a novel layered perovskite, StGdNiMnyOs.s; xX/y (7)=
4, 1, and 0.25 as the symmetrical solid oxide fuel cell electrode
synthesized by glycine nitrate process. The phase and stability under
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varying the partial pressure are investigated by X-ray diffraction. The
calcined electrode powder found to be single phase in air, while under
reducing condition the electrode exhibits mixed phase. The con-
ductivity measurement under oxidized and reduced condition in the
temperature 800°- 600°C varies with increasing the vy, the activation
energy (E,) for conduction of electron in air favors to Ni rich
composition while under low partial pressure the Mn rich exhibits
higher electrical conductivity. The catalytic activity and redox cycle
test are studied using the electrochemical impedance spectroscopy on
the LSGM supported symmetry cell by swiping the atmosphere from
dry air to pure H, through purging via N,. It is demonstrated an
exceptionally stability for y =1 electrode after ten cyclic redox test,
however, the Ni rich (y =4) composition favors to efficient oxygen
reduction activity and Mn rich (y =0.25) electrode exhibits superior
hydrogen oxidation reaction activity. The variation of conductivity
and catalytic activity are elucidated by quantifying the oxidation state
of the Mn and Ni oxidation state in the electrode using XPS analysis.
Finally, the symmetric solid oxide fuel cell is fabricated using LSGM
supported cell and the I~V characteristics and fuel cell impedance are
evaluated.

S21-7 Investigation of Redox Behavior of Ni-YSZ Anode
Materials for Solid Oxide Fuel Cells
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Nickel- yttrla stabilized zirconia (Ni-YSZ) cermet has been used as an
anode material for solid oxide fuel cells (SOFCs) for more than 20
years. Although Ni-YSZ has various advantages such as high catalytic
activity for H, oxidation and methane reforming, stability in reducing
atmosphere, high electrical conductivity, it exhibits various types of
degradations such as poor redox stability, sulfur poisoning, carbon
deposition. Ni-YSZ anode still suffers from exposure to oxidizing
condition caused by sudden interruption of fuel or sealing problem
like leakage. When exposed in oxidizing atmosphere, Ni-YSZ
experiences significant volume change due to the oxidation of Ni to
NiO, which causes internal cracks and consequent destruction of the
cell.

In this study, the redox stability of Ni-YSZ cermet according to
various conditions such as porosity, pore size distribution, and
composition has been studied systematically. Based on thermo-
gravimetric analysis (TGA), oxidation kinetics of Ni-YSZ were
obtained by curve fitting simulation. The 2-dimensional and 3-
dimensional change of Ni-YSZ were measured by dilatometer and gas
pycnometer, respectively. The morphology of Ni-YSZ was confirmed
by scanning electron microscope (SEM). The both porosity and pore
size of Ni-YSZ was measured by mercury porosimeter. The ratio of
length change was measured using dilatometer.

S21-8 Electrochemical Properties of High Temperature Solid
Oxide Co-electrolysis Cells Using Infiltration Method
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S22-1 Development of Cathode Materials and their Electrodes
for Sodium-Ion Rechargeable Batteries
YEgolLoAaAS 344 2 AF
e AFERFF Y

Widespread and increasing interest in the storage of renewable energy

e

derived from the sun, wind, and water have spurred the development
of energy storage systems made from eco-friendly, abundant, and low-
cost elements. Lithium-ion rechargeable batteries (LIBs) have been
accepted as one of the most representative energy storage and/or
powering systems; however, the gradual exhaustion of natural lithium
resources followed by the rapid cost increase may not guarantee their
consistent use in the future. Thus, non-lithium rechargeable batteries
with low cost and excellent cycle life should be developed for
preparing for the potential lithium crisis.

In general, however, the reversible capacities of most of the cathode
materials for SIBs are much lower for LIBs and need to improvements
in their cycling performance. In addition, the transition metal oxides
with layered crystal structure are highly sensitive to water, which
induce an electrode gelation due to water contamination from air or
the surfaces of cathode particles. Structural instability coming from
complex phase transitions of layered transition metal oxides during
cycling could deteriorate their capacity retention properties.

Thus, in the present talk, recent research achievements on high-
performing cathode materials for SIBs will be discussed.

S22-2  Fast Li-ion Conducting Oxide-based Solid Electrolytes
for All-Solid-State Batteries
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S22-3 Development of Lithium Titanate as Anode Material for
High Power Batteries

I&9 oA E AT HFE R
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Lithium ion batteries (LIBs) are regarded as promising a power
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sources for electric vehicles (EVs) and energy storage systems (ESSs)
due to their long cycle-life and high energy density.

One of the safety issues in LIBs would be the dendritic lithium
growth on the anode surface because the conventional carbon based
materials approach almost 0 V versus Li/Li*. Therefore, a fundamental
solution is to use an electrochemical redox couple with higher
equilibrium potentials.

One of the suitable candidates is spinel lithium titanate (Li;TisO ;)
with the Ti**/Ti** redox couple working at approximately 1.55 V
versus lithium. It have outstanding performances such as negligible
volume expansion during Li-ion insertion/desertion process. However,
the main obstacle of Li;TisOy; is insulating properties. Therefore, the
properties of LisTisO, might not be sufficient for high current
applications before any materials modifications.

In this study, latest progress in our research on the surface
modification and application of Li;TisO, materials is reviewed.

S22-4 Surface Modification of Electrode for Aqueous Recharge-
able Lithium Battery
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Conventional lithium ion batteries (LIBs) applications have been
expanded to large facilities like electric vehicle and energy storage
systems. However, using organic electrolytes which are dangerous,
toxic, environmentally unfriendly and expensive for LIBs can restrict
their applications of large equipment. To overcome this limitation, one
of prospective lithium batteries is aqueous rechargeable lithium
battery (ARLB), which contains water electrolyte instead of carbonate
electrolyte. However, it has not been considered for being a power
sources of practical energy storage devices owing to poor cycling of
the electrode materials in electrochemically fragile aqueous
electrolyte solution.

To relieve this failure, we have focused on the improvements of
cathode materials for ARLBs via surface modification with using
different types of coating materials such as oxide, salt and ceramic
materials. In this work, we improved the electrochemical performances

of cathode by surface modification of the surface of the particles of
cathode. The physicochemical and electrochemical properties of
surface modification of cathode were investigated by XRD, SEM,
EDS, XPS and electrochemical methods. This result demonstrates that
the surface coating of cathode greatly improves the cycling
performances. Based on these data, we can suggest that the surface
modification of the electrode materials can conduct an important role
in improvement of the electrochemical performances of the active
material in ARLBs.

S22-5 Carbon Coating on SSiOx Core-Shell Nanoparticles for
Li-ion Battery’s Anode
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We synthesized nanocomposite anodes for lithium-ion batteries
consisting of carbon enwrapped Si/SiO, core-shell nanoparticles in
order to address the poor cycling performance of silicon and the low
initial coulombic efficiency related to SiO,-based materials. In
particular, we used varying carbon coating times to examine the
effects of carbon growth on the amorphous SiOy layer that critically
determines the nanocomposites’ electrochemical properties. Through
careful microstructure analysis, three steps for carbon growth on SiO,
are suggested. Furthermore, the effects of this stepwise carbon growth
on the electrochemical properties of the nanocomposites are
investigated. Finally, the optimum carbon coating condition for best
electrochemical performance of the nanocomposites is proposed.

S22-6 Investigation of the Effect of Binder for the Silicon
Electrode
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Silicon or silicon-based composites/oxides are attractive as high
capacity anode for the next generation LIBs. This is because Si-based
materials exhibit a considerably high theoretical capacity compared
with conventional graphite anode. However, the huge volume
expansion/contraction of the silicon based-material takes place
through electrochemical lithiation/delithiation. This leads to the
electrical isolation within the electrode of active material powder and
binder, which induces insufficient cycling performance.

In this study, we briefly introduce the effect of binder for the silicon-
based electrode. We also investigate the effect of new binder candidate
for the silicon-based electrode with thermal treatment.

G3-1 Sintering Behavior of Ag-Ni Electrode Powder with Core-
shell Structure
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G3-2 Fabrication of in-situ TiC-Fe; A 1 Cermets by Mchanical
Alloying

ZN1AA F29 23 in-situ TiC-Fe;Al cermets #|&
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Cermet is a composite material with a ceramic-based hard phase
comprising carbide, nitride, and oxide, and a metal-based binder phase
including Ni, Co, or Fe. The material thus combines the high hardness
and resistance to heat, oxidation, and abrasion of a ceramic with the
toughness of a metal. Titanium carbide has high hardness, resistance
to oxidation and abrasion while iron aluminide has proper ductility as
well as good strength and excellent oxidation resistance up to high
temperatures. Therefore, it can be expected TiC-iron aluminide
cermet to have excellent mechanical properties as a cutting tool and
a wear-resistance material.In the present study, TiC-Fe;Al-based
cermet was produced by an in-situ process using powdered Ti, C, Fe,
and Al as the raw materials. Mechanical milling was used to
accelerate the in-situ reaction between the raw powders. The effects
of the TiC volume fraction on the microstructures and mechanical
properties of the milled powder and sintered cermet were examined.
After 48 h of milling each mechanically showed an abrupt decrease
up to 580 MPa at 90% TiC volume fraction. and 50 MPa for 30 min
to obtain sintered bodies also consisting of only TiC and Fe;Al phases.
The hard phase, TiC, had a size of 100 - 300 nm with overall uniform
distribution decreasing as the volume fraction of TiC increased. The
hardness of each sintered body showed a linearly increasing tendency
according to the increase in TiC content, the hardness for 90 vol% TiC
cermet being as high as 1813Hv.

G3-3 ALOs-TiO,/SiO,-Zr0O, Based Porous Ceramics from Particle-
Stabilized Wet Foam
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The Al,05-TiO,/Si0,-ZrO, based porous ceramics are prepared from
particle-stabilized wet-foam by direct-foaming. Firstly AL, O;-TiO,
suspension was prepared by mixing TiO, suspension to an equimolar
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amount of a partially hydrophobized colloidal - Al,O5 suspension to
form AL, TiOs on sintering. The secondary ZrO,-SiO, suspension was
prepared using the equimolar composition, and to obtain the ZrSiOy,
ZrTiO,, and mullite phases in the sintered samples, the secondary
suspension was blended into the initial suspension at 0, 10, 20, 30 and
50 vol.%. The air content in the wet foam was recorded up to up to
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87%, Laplace pressure from 1.38 to 2.23 mPa and higher adsorption
free energy at the interface of approximately 2.62 x 10" to 10.27 x
107" J with an outstanding foam stability of 87%and also rheological
test were carried out to know the viscous property of the suspension.
The final suspension was foamed, and the wet foam was sintered from
1400°C to 1600°C for 1hr. The phase identification was accomplished
using X-ray diffraction, DTA/TGA, and a microstructural analysis
was performed using FESEM.

G3-4 Fabrication and Optimization of Clay Bonded SiC Flat
Tubular Membrane Support for Microfiltration Applications
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SiC have excellent structural and mechanical properties and also have
High
processing temperature increases cost of SiC products and thus limit’s

excellent properties related to membrane performance.

its use. In this study we have fabricated SiC based ceramic support
layer by clay bonding technique. Kaolin, well-known clay was used
as binder for silicon carbide particles. Three different powders of SiC
on the basis of particle size were used to fabricate through extrusion
method and which turns it into flat tubular form. The resultant
supports are sintered at 1300 - 1500°C in air, and evaluated for their
structural properties, pore characteristics and permeability. It is
evident from the study that we can produce a support layer with small
sized SiC powder having high open porosity, high strength with less
pore size and less permeability, in comparison with large sized starting
SiC powder. Also the support layer produced could be used as stand-
alone membrane for 1 um particles.

G3-5 The Effect of Initial Pore Condition on Mechanical
Properties of Ceramic-Resin Hybrid Block
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Due to improved medical care and quality of life, interest and demand
for dental restorations in patients of congenital/acquired tooth defect
are increasing worldwide. Recently CAD/CAM technology is being
highlighted. CAD/CAM materials, as crown material, can be classi-
fied as polycrystalline ceramic, metal and resin composite material.
Also research on composite materials, which is a method of collecitng
the advantage of each materials, is actively pursued. As a CAD/CAM
materials, the hybrid block containing both zirconia with good
mechanical properties and resin with good machinability is typical
composite material.

The purpose of the study is investigate the effects of initial pore
conditions of porous zirconia ceramics on the mechanical properties
of zirconia-resin hybrid block fabricated by the infiltration process.
Porous zirconia ceramic support, containing the pore former
(Polymethylmethacrylate, PMMA) with various particle size, were
sintered at 1200°C temperature, air atmosphere, and then were
fabricated by infiltration process (thermal polymerization) of the
resin. To characterize the zirconia-resin hybrid block, bulk density,
BET measurement, wear resistance, elastic modulus, 3-point bending
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strength, x-ray diffraction (XRD), and scanning electron microscope
(SEM) analysis were employed.

G3-6 Novel Processing to Wet Foam and Porous Ceramics
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This study presents a novel method to study the stabilization
mechanism of wet foams in concentrated colloidal suspension. The
thermodynamic instability of wet foam bubbles in water due to the
large and highly energetic interfacial area is the main challenge of
processing such foams from colloidal suspension. Smaller bubbles
under pressure diffuse into larger bubbles. This is known as Ostwald
ripening, and it results in coarsening of the wet foam. Hence, the
bubble size distribution broadens. To optimize the bubble size and the
stability of wet foam, the adsorption free energy and Laplace pressure
of micro- and nano-particle stabilized colloidal suspensions are
investigated. Porous ceramics with more than 80% wet foam stability
can be prepared easily with this novel approach. The sintered foam
shows a particle free energy of 1.7 x 108~ 3.2 x 10*kTs and pressure
difference of 0.4 mPa to 0.25 mPa for colloidal Al,Os, SiO,, AL, TiOs,
and SiC particles with particle size of 0.4 pum, respectively.

G3-7 Multi-Mixed Particle Effect on Forming and Sintering for

Alumina Slip Casting
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G3-8 Effects of ZrO,-La,0; Co-addition on the Microstructural
and Optical Properties of Transparent Y,0s; Ceramic
ZrOyLa,0; A7 £ o|Eg ot wAl¢tx & 33 54
vtgd 2" ZHU Linlin, A8Fs, AW, 24§, A&7
Commercial Y,0; powder was used to fabricate Y,O; ceramics
sintered at 1600°C and 1800°C with concurrent addition of ZrO, and
LayO; as sintering aids. One group with different contents of La,O;
(0 - 10 mol%) with a fixed amount of 1 mol% ZrO, and another group
with various contents of ZrO, (0 - 7 mol%) with a fixed amount of
10 mol% La,O; were compared to investigate the effects of co-doping
on the microstructural and optical properties of Y,Oj; ceramics. At low
sintering temperature of 1600°C, the sample single doped with 10
mol% La,0O5 exhibits much denser microstructure with a few small

intragranular pores while the samples with ZrO, and La,0; co-doping
features a lot of large intergranular pores leading to lower density.
When the sintering temperature increases to 1800°C, samples using
composite sintering aids exhibit finer microstructures and better
optical properties than those of both ZrO, and La,O; single-doped
samples. It was proved that the grain growth suppression caused by
ZrO, overwhelms the acceleration by La,Os;. Meanwhile, 1 mol%
ZrO, acts as a very important inflection point with regard to the
influence of additive concentration on the transmittance, pore
structure and grain size. The highest in-line transmittance of Y,0;
ceramic (1.2 mm in thickness) with 3 mol% of ZrO, and 10 mol%
of La,Oj sintered at 1800°C for 16 h is 81.9% at a wavelength of 1100
nm, with an average grain size of 11.2 um.

G3-9 Residual Stress and Mechanical Property of Carbon-doped
TiZrN Coating

@47} =€ TiZrN 289 2% $387 7143 84

FOE", AU KA, 2T, o815 I Py S, 2
EF, =, 2

The residual stress in the titanium nitride lattice improves the
mechanical properties of the coating layer due to the distortion of the
lattice. Substitution of the transition metal in the Ti; MeN (Me=Zr,
Al, Cr, etc.) system has been researched to increase of the hardness
by inducing the lattice distortion. The residual stress through various
element doping has received attention for enhancing the mechanical
properties.

Mechanical property of the titanium-based nitride with the carbon
doping was investigated in terms of the residual stress and the
microstructure. The lattice distortion by the doped carbon was
confirmed with the change of lattice constant using Rietveld
refinement and microstructure analysis. The variation of the compressive
residual stress by distortion in lattice was analyzed through the sin®¥
method.

G3-10 Analysis of Behavior About Uniform Densification in C/
SiC Composites by Chemical Vapor Infiltration

C/SiC B3HA9] CVIZAA 2L NdsE A% A% 4
A7, R At |82 et e, Pz e
The chemical vapor infiltration (CVI) is one of the industrially
prevailed techniques to manufacture fiber-reinforced ceramic matrix
composites (CMCs). Originally developed for the manufacture of C/
C materials, the CVI process could be adapted to the deposition of
SiC matrices using a defined mixture of methyl-trichlorosilane (MTS)
and hydrogen. It is suitable for the production of CMCs of plate or
near net shape of thin thickness. During the CVI process, a reactive
gas mixture of hydrogen and MTS is used to occupy interconnected
open porosity in the fiber preform. Silicon carbide is deposited in
between the carbon fibers by thermal decomposition of MTS at
around 1000 degree Celsius. Although close pores still partially exist
in the preform after the CVI process, the distribution of the remained
pores varies with the infiltration depth of precursor gas that is related
to the gas flow, the temperature and the pressure distribution of the
preform. In this study, the optimum condition for densification was
predicted with the help of CFD simulation and the resultant
microstructure of CMC was demonstrated.

SN G oY - 73 |



20174 si=AMIci2istal A1

Hha g
=1L

G3-11 Thermodynamic Prediction of TaC CVD Coating on
C/C composite in C;Hg-TaCls-H, System

C3He-TaCls-H A A Bad483419] CVD-TaC Coatingol
93y 4%

HEAw'>, 2!, AR R gy r] e, e e

Phase diagrams of Ta-C-Cl-H were constructed according to the
calculation results that showed thermodynamic equilibrium in the
C;Hg-TaCls-H,
compositions as variables. Thermodynamic conditions of various

system considering temperature, pressure and
phases were calculated with FacSage based on the minimization of
Gibbs free energy between reactions. The phase diagram showed a
useful guideline for coating of tantalum carbide by chemical vapor
deposition (CVD). In order to reduce the process variables, the gas
mixture of 10 mole percent of C;Hg in hydrogen gas was used to
deposit tantalum carbide film. The experimental results were
compared with the calculated values. As a result, the ideal condition
for the tantalum carbide coating in the C;Hg-TaCls-H, system were
successfully predicted.

G3-12 Development of Ablation-resistant Ultra-high Temperature
Ceramic Matrix Composites
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G3-13 Evaluation of Microstructural and Mechanical Properties
of Ion Irradiated SiCy/SiC Composites Prepared by EPD and
Hot-pressing

EPD 2 hot pressel] 213 o] & ZALE §H4 SiCy/SiCe] mlA| 24
2 71A14 42| 57}

Pipit', Amit Siddharth Sharma, 53, Arifin Septiadi, &
Yeungnam University

SiCy/SiC composites have been proposed as the main candidates for
the structural components in future fusion and advanced fission
reactors owing to their low induced radioactivity and good irradiation
resistance. Being a covalent and brittle in nature, the fabrication of the
damage-tolerant SiC-based composites has always been a major
challenge. Achieving high density coupled with reasonable toughness
is one of the primary goals associated with the processing of SiCy/SiC
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composites. Processing route were optimized by infiltration of SiC
particulate slurry (matrix) with Al,03-Y,03, Al,03-Sc,0s, and Sc-
nitrate as sintering additives into Tyranno® SiC fabric (reinforcement)
using electrophoretic deposition or vacuum infiltration followed by
hot-pressing. Composites were then subjected to H" ion irradiation at
the doses of 3 x 10" ions/cm®. Fractography and radiation-induced
damage were evaluated by cross-sectional SEM observations.
Mechanical properties of the composites were evaluated by three-
point bending test. Composites with Sc-nitrate exhibited significant
fiber pull-out and less ion-irradiation induced damage compared to
that with the Al,O;-Y,0; and Al,O5-Sc,0; additives. A comparison
of irradiation-induced defect structures in fiber and matrix regions was
undertaken for all the samples and the results of such an investigation
will be presented.

G3-14 Aqueous Electrophoretic Infiltration of SiC-ZrB, Matrix
and the Fabrication of SiC-fiber Reinforced Composites
SIC-ZrB, M= 29) 44 A7) 95 T L siC- 44 23 23
A9 A=

Wahid Muhamad FR". Yeungnam University

In this presentation, the electrophoretic infiltration and the fabrication
of continuous SiC fiber-reinforced SiC—ZrB, (SiC¢#/SiC—ZrB,) ceramic
matrix composites by aqueous electrophoretic deposition and hot
pressing will be reported. By adding a suitable aqueous dispersant and
binder at optimum pH, a well-dispersed suspension containing SiC-
ZrB, nanoparticles was prepared in deionized water. SiC—ZrB, matrix
phase containing Sc,0; sintering aid was effectively infiltrated into
the fine voids of Tyranno™-SA3 fabrics coated with pyrolytic carbon
(PyC) and SiC layers using an AC electrophoretic deposition (AC-
EPD) combined with ultrasonication. A square-shaped asymmetric
waveform with an asymmetry factor of 4 was used for AC-EPD. After
infiltrating the slurry by AC-EPD, 20 layers of fabrics were stacked
and laminated uniaxially under a pressure of 10 MPa at 80°C. Hot
pressing was carried out at 1750°C and 20 MPa for 2 h in an Ar
atmosphere after binder burnout. The composites density, XRD,
flexural strengths, and microstructures of fiber/matrix interfaces and
fracture surfaces will be presented in detail.

G3-15 Post-sintering Heat Treatments for Toughness Enhancement
in Hot-pressed SiC/SiC Composites

B T X SiCySiC B3 A 59 94 A5 A8 22 F A
Amit Siddharth Sharma®. Yeungnam University

Although the methodology of post-sintering heat treatments to
increase the toughness in brittle SiC monoliths has been well-
researched but the same has not been extended in case of SiC/SiC
composites. In this study, the applicability of post-sintering heat
treatments for enhancing tail-extension behavior in SiCy/SiC
composites has been examined. Commercially available Tyranno®™
SiC fabrics with the dual PyC-SiC coatings over SiC fibers were
infiltrated with SiC slurry by electrophoretic deposition. Matrix
volume fraction was adjusted to 40-45 vol.% by stacking SiC green
tapes between slurry-infiltrated SiC fabrics. Densification close to
94% pupeo Was achieved by incorporating 10 wt.% Al,O;-Y,0; as
additive and subsequent hot-pressing at 1750°C, 20 MPa for 2 h in
Ar. Microstructures were tailored by subjecting sintered composites
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to heat treatments at 1100, 1250, 1350 and 1750°C for 5 h in Ar.
Correlation between flexural behavior and microstructure was
explained in terms of fracture energy, in situ-toughened heterogeneous
matrix with interlocking a- and - grains, phase evolution in sintering
additive, role of dual interphases in SiC{-PyC.-SiC. system and
observed fracture mechanisms. Extensive fractography analyses
revealed interfacial debonding at hybrid interfaces and matrix
cracking as the key fracture modes, which are responsible for the
toughening behavior in heat-treated composites.
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S31-2  Trend of Power Module Packaging Technology for HEV/
EV
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S31-3 Challenges in the Development of Silicon Carbide Sub-
strates for Power Device Applications

HIE" A/ A g

Silicon carbide is an important structural material due to its excellent
thermal conductivity, wear resistance, oxidation resistance, and high
temperature mechanical properties. Various industrial applications of
SiC ceramics such as heaters, heater plates, and dummy wafers for

semiconductor processing, capsule materials for nuclear fuel, and gas
seal rings in compressor pump, take advantage of its excellent thermal
conductivity as well as its other properties. Especially, substrate
applications for power device applications require high thermal
conductivity, electrical insulating properties, and excellent mechanical
properties. Generally, achievement in high thermal conductivity
accompanies high electrical conductivity and achievement of electrically
insulating properties accompanies loss of thermal conductivity in SiC
ceramics.

In this presentation, factors affecting on thermal and electrical
conductivities of liquid-phase sintered SiC ceramics will be presented
and challenging issues to be overcome will be suggested for the
development of SiC substrates for electronic device applications.

S31-4 Lowering the Sintering Temperature and Improving the
Strength of Aluminum Nitride Substrate for Powder Module
Application
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S31-5 Fabrication of Silicon Nitride Ceramics with High Thermal
Conductivity by Gas Pressure Sintering
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S31-6 Research on the Strengthening of the Si;N; Ceramics with
High Thermal Conductivity
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S32-1 Thermal, Mechanical Properties of Environmental/Thermal
Barrier Coatings
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S32-2 Phase Formation and Thermal Conductivity of Oxides in
Zr0,-La,05-Gd,0; Systems for TBC Applications
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S32-3 Evaluation Method for Thermal Durability and Stability
of Thermal Barrier Coatings
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S32-4 Thermal and Mechanical Properties of ZrO, Thermal
Barrier Coatings by Thermal Exposure

Byung-Koog Jang!*, Kouichi Yasuda?, Seongwon Kim?, Yoon-Suk
Oh® and Hyung-Tae Kim®. ‘National Institute for Materials Science,
Japan, *Tokyo Institute of Technology, Japan, ’Korea Institute of
Ceramic Engineering and Technology, Korea

Thermal barrier coatings (TBCs) have received a large attention
because they increase the thermal efficiency of gas turbine engines by
increasing the gas turbine inlet temperature and reducing the amount
of cooling air required for the hot section components. To optimize
TBCs for integration into gas turbines, characterization of the
relationship between microstructure and thermal-mechanical properties
of the coatings is necessary. The purpose of this work is to investigate
the influence of the microstructure as well as porosity on mechanical
properties of ZrO,-4 mol%Y,0; (YSZ) coatings deposited by air
plasma spray (APS) or EB-PVD (electron beam-physical vapor
deposition). The mechanical properties of plasma sprayed YSZ
coatings were evaluated by three-point bending method. The bending
strength, Young’s modulus and residual stress depend on micro-
structure as well as coating distance. TGO (thermally grown oxide)
at interface of top and bond coat was generated after thermally cyclic
test at 1100°C. The hot corrosion between YSZ coatings and volcanic
ash was examined by isothermal heating at 1200°C in air between 10
min and 100 hrs. The thickness of corrosive region at top surface of
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TBCs by the reaction between YSZ coating and volcanic ash was
increased with increasing the oxidation time.

S32-5 Thermal Barrier Coating on Gas Turbine Blades for a
Power Plant
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S32-6 Introduction of EDC-TBC
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S32-7 Relations between Microstructural Defects and Thermal
Conductivity in Plasma Sprayed YSZ Coatings
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S32-8 Thermal Conductivity Performance of EB-PVD TBCs
with different YSZ Microstructures

EB-PVD TBCs®] YSZ w423 W3le] n}& dAE 54
VIE, HAS, WA, MR, F3 8], AE L

& 2}# ¥ (thermal barrier coating, TBC)S 7F2AE Rl 25
Arel A, ks AR Be Sel BAow 2dEd ¥
1

T
=9
Ll

L

N

A48l AAE Al s oz, dAEA o] vhe vysze}
s AbskE MEte ZY o2 dAbd 23E Fofetal 2
2Aot At 29 S A2 At Watksh WRAS '
MCrAlY 8% 22 3538 483k 795 o] 3t TBCs
Az 7IHoRe Ao R EAPEH [ Sl og EEF
21 (electron beam physical vapor deposition, EBPVD)®] AF&-%] 3
Uedl, AApe] B4 WG ELe &8, = 3 45E &
BATEE, TAY A= FH R HE 479 (columnar) T3
£ 7FA Aok

3718 7r2ERlR o]
of] gk A& o] -Fstedof st
g2 F3telA S 71d =
go] ulzslt}. Wi EBPVD TBCE SAMEH ) H]sle] SA%
7] TR E317] gl&o] EBPVD 348 283l AREs} ¢
< TBCs Alx71%9] &H7F Fa¢ olqp7F =aL Ut

AN FEATF-20 4= EBPVD TBCse] PIAF= A sk &
AE=E As] 3 A5 Jd Foly £ dxoa & oo

3k ATAHE e A Fio

ne ™

rlo
rol £ 2

1.

oft
ol o

r

I

o
i

S32-9 Mechanical Behavior of Thermal Barrier Coating Materials
by Indentation, Wear and Fatigue Loading
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S32-10 Characteristics of T/EBC Coating Powders and Coating
Layer for SiC Fiber-Reinforced Ceramic Composite
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G4-1 Cu 371 & n¥ Bi-TeAl A2A ) st & A
Tz Ws A

Phase Analysis and Microstructure Observation for an n-type Bi-
Te Thermoelectric System with Cu Dopant
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G4-2 Novel Processing of Carbon Nanotubes on Zeolite Coated
Carbonized Wood Template by CCVD Method

A &eto|EV} 39 @315 P E30] CCVDE o] 88 Barkef
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Theformation of carbon nanotubes (CNTs) on biomorphic carbon
template (BCT) was studied by three-step processing method. First of
all, natural wood with 20 um poredimensions was transformed into
carbon template by carbonization pyrolysis, then after LTA zeolite

||78 - s3Iy

crystal with the crystal size of 0.3 um was synthesized and
homogeneously coated singlelayer on BCT by an in situ hydrothermal
process. Finally, the catalytic chemical vapor deposition (CCVD)
method was used to synthesize the CNTs on the zeolite coated
biomorphic carbon template (ZCBCT) with acetylene (C,H,) as a
carbon source. In this study, we focused on the varying reaction time
and temperature for the better yield of CNTs and for the
characterization morphology, crystallinity, the yield percentage of
CNTs was evaluated.

G4-3 Synthesis of Carbon Based Nanocomposite Materials and
their Electrochemical Properties

B 71 B A A B A28 S %7
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We have investigated the novel synthesis method of carbon based
nanocomposites, introducing extrinsic defect in the carbon lattice
which enables the metallic nanoparticles generation on the nitrogen
site of carbon nanomaterials. Various metallic/metal oxide based
nanoparticles can be finely generated on the surface of carbon
nanomaterials, and the bimetallic alloy nanoparticles can be also
obtained by the nitrogen doping approach. These carbon nano-
materials with nanoparticles are capable of excellent lithium storage
properties. Furthermore, the metal oxide nanoparticles can be reduced
to the metallic elements with the smaller nanoparticles, and the
agglomeration-free diffusion of metallic element is occured between
nitrogen sites.

G4-4 Improvement of Dispersion Stability in Photopolymers by
Control of Coating Thickness of a Silane Coupling Agent on a
Ceramic Particle Surface

A2te 42 B9 A3 AEYA Y] IRFA 22 o3 L EET
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AlLO; ceramic particles with different coating thickness of a silane
coupling agent (VTES, vinyltriethoxysilane) was dispersed in
commercial photopolymer (3DK-A83B) for stereolithography (SLA)
3D printing process. Al,O; ceramic particles were initially coated with
VTES through a hydrolysis and condensation reaction, and the VTES-
coated Al,O; particles were then reacted with a photopolymer based
on IPN phenomena occurring in the interphase region. The optical
images and the average coating thickness of VTES-coated AlO;
ceramic particles were observed in SEM and TEM. Depending on the
VTES coating thickness on Al,O; ceramic particle surface, the
dispersion stability of ceramic particles in the photopolymer solution
was investigated by Turbiscan and relaxation NMR. The tensile
stress-strain curves of 3D printed objects with the ASTM D638 Type
V structure were investigated as a function of VTES coating thickness
on ALO; ceramic particles surface.

G4-5 Characterization and Magnetic Properties of Mn-doped
LaFeOs Nanofiber Synthesized by Electrospinning

A7) Ao 2 AZE Mno] =9 € LaFeO; Yimgto|H ¢] 4
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Mn-doped LaFeO; nanofibers were successfully prepared by
eletrospinning. The X-Ray Diffraction (XRD) pattern of the Mn-
doped LaFeO; fibers indicated nanofibers with orthorhombic
perovskite crystalline structure without secondary phase. Trans-
mission Electron Microscopy (TEM) image revealed that the Mn-
doped LaFeOj; nanofibers were composed of fine particle about 20-
40 nm. From the XPS analysis, the chemical composition of the Mn-
doped LaFeO; nanofiber was confirmed as stoichiometric LaFeOs;. In
spite of the antiferromagnetic nature of LaFeO; bulk materials, the
Mn-doped LaFeO; nanofibers obtained displayed ferromagnetic
hysteresis loop, with coercivity of 632-160 Oe and remnant
magnetization of 0.098 - 0.289 emu/g were obtained at 10 K. The
coercivity decreasing is due to decreasing crystallite size and
ferromagnetic behavior is due to increasing uncompensated spin at the
surface and the canted internal spin by the tilt of FeOg octahedral units.
Also it is due to difference magnetic moment between Fe** and Mn®**,
Mn*".

G4-6 The Two Dimenstional Electride for Organic Synthesis
F71518 88 1% o3 AASE CaN

AR, A&, FerE) g

Electrides, which are ionic crystals trapping anionic electrons in the
structural cavities, have attracted attention due to their exotic
properties such as a low work function. The first crystalline organic
electride was synthesized from solvated electron, alkali metal-
ammonia solutions, by James L. Dye in 1983. The temperature
instability of organic electride have been solved by the discovery of
room temperature stable inorganic electrides [CassAlsOgs]*"4€7)] and
[Ca,N]™e". The [Ca,N]™e electride showed the delocalized anionic
electrons within the interlayer spacing of ~0.4 nm, showing the low
work function value of 2.6 eV with the electron concentration of ~1.37
x 10% cm™, which are comparable to typical alkali metals. Due to low
work function and high electron concentration, an outstanding
performance in organic chemical synthesis such as with high electron
transfer ability has been anticipated.

In this talk, several inorganic electride utilized organic reactions,
pinacol coupling reactions, trifluoromethylations, transfer-hydro-
genations and hydrodehalogenations, will be introduced as a new
strategy for organic synthetic chemistry.

G4-7 A Limit of the Goldsmid-Sharp Equation and its Alternative
FuzuE AT 349 A% B

A& 2" Zach M. Gibbs?, Heng Wang®, G. Jeffrey Snyder®. ! #+4/
F97]=¢, California Institute of Technology, *Materials Science,
“Northwestern University

Bismuth antimony telluride bulk alloy is one of the strongest
candidates for thermoelectric cooling applications. However, its
narrow energy gap results in a strong increase in minority carrier
conduction above 370 K. In this narrow energy gap, the Goldsmid-
Sharp equation (which is optimized for materials with energy gap
greater than 10 kT) which estimates an energy gap from its Seebeck
coefficient is no longer accurate. Goldsmid-Sharp uses approximated
equations of electrical conductivity and Seebeck that are only valid

in degenerate regimes to estimate energy gaps. However, we perform

full Fermi integral calculations to estimate energy gap of
thermoelectric materials. This work will allow us to see the limit of
the Goldsmid-Sharp equation and suggest alternatives for the

calculation of the energy gap when the gap is smaller than 10 kT.

G4-8 Independently Controlled Electrical and Thermal Con-
ductivities in TiO,-Graphene Nanocomposites

TiO,-Graphene Yi=53A| oA A7 A==} EA==9 ¢
Ao}

GG 932 oA 83 AN I EA 5w A nstitute for Basic
Science (IBS), * §53)7)5¢), * S22 %4

We report synergistically enhanced thermoelectric properties through
the independently controlled charge and thermal transport properties
in TiOp-reduced graphene oxide (RGO) nanocomposite. By the
consolidation of TiO,-RGO hybrid powder using spark plasma
sintering, we prepared the interface-controlled TiO,-RGO nanocom-
posite where its grain boundaries are covered with RGO network.
Both the enhancement in electrical conductivity and the reduction in
thermal conductivity were simultaneously achieved thanks to the
beneficial effects of the RGO network, and detailed mechanisms were
discussed. It led to the gigantic increase in the ratio of electrical to
thermal conductivity by six orders of magnitude and also the
synergistic enhancement in thermoelectric figure of merit by two
orders. Our results present a strategy for the realization of ‘phonon-
glass electron-crystal” through the interface control using graphene in
graphene hybrid thermoelectric materials.

G4-9 Effects of Nanocompositions on Thermoelectric Transport
Properties of Higher Manganese Silicides (HMS)
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We herein report the thermoelectric transport properties of Higher
manganese silicides (HMS, MnSi,, y~1.75) polycrystalline bulks
prepared by a melt spinning (MS) process combined with a spark
plasma sintering (SPS) technique (MS-SPS). Nano-scale grain
structure (100 - 500 nm) were generated due to an ultrahigh cooling
rate of MS process, and the characteristic features of MS ribbons of
HMS could be controlled by tuning of cooling rate. We expect that
the cooling rate of MS and the conditions of SPS effect on the
microstructure and thermoelectric performance of HMS, simultane-
ously. We investigated the effect of microstructure on the electronic
and thermal transport properties to elucidate the feasibility of
nanostructuring approaches for high performance HMS.

G4-10 Functionalized y-Fe;Os; Superparamagnetic Nanoparticle
by Surface Treatment in Acid-Base Atmosphere

AE-G7) 9171904 EAA 2 E T 2F 1-Fe,0; =g A
7153t

ANEs, A, Ak, e, olds, A3, el
Superparamagnetic particles have consistently studied and applied to
several industrial areas. Especially, y-Fe,O; is mostly studied for
superparamagnetic property. Also, y-Fe;O; nanoparticles have a
chemical stability, low cost, superparamagnetic behavior. In this study,
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v-Fe,0; is coated SiO, which called to core-shell structure. Core-shell
structure consist of y-Fe,Os3 nanoparticles to be functionalized with
hydroxyl groups on the surface. Hydroxyl groups on surface prevent
to aggregate y-Fe,O; nanoparticles by electrostatic repulsion. For
surface treatment, Tetracthyl orthosilicate (TEOS) was used as a
precursor to modify the hydroxyl groups by sol-gel method. Surface
treatment of y-Fe,Os; was performed to acid and base atmosphere
respectively and compared with difference of treated y-Fe,O; surface.
These particles were analyzed with Zeta-potential to check electro-
static dispersion stability and FT-IR for the existence of hydroxyl
groups. Additionally formation of core-shell and uniform thickness of
coating layer were confirmed by TEM image. And its magnetic
property of y-Fe,O3; was measured by VSM.

G4-11 Importance of Controlling Charge Depletion Region
Width in Donor-doped TiO, Photocatalyst

TiO, 3&v 9] AsFHESF A9 F24

3 A", Sovann Khan?, 22382 A5 (FHpEY
8p7)2 ol 7g]

It has been challenging to find the optimal conditions for synthesizing
TiO, photocatalysts due to the need to simultaneously engineer
complex factors, such as doping, size variation, and phase trans-
formation. Here, we report greatly improved photocatalytic activity of
polymorphic TiO, nanoparticles by W-doping for band gap narrowing
and Sn-codoping to promote the anatase-to-rutile transformation
(ART). W-doping improves the rate of photo-absorption, while Sn
induces a polymorphic boundary to separate photo-excited electrons
and holes. The ART was achieved even in very small (~10 nm)
particles at a lowered annealing temperature (550°C). The concept of
dual doping with a band gap narrower and an ART promoter provides
a way to synthesize highly active photocatalysts economically.

2]

G4-12 Microstructural Properties of Mg,Si-based Thermoelectric
Materials
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S41-1 Various Optimization Techniques for Efficient Quantum
Dot EL Devices
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S41-2  Exfoliation/Self-Assembly Route to Inorganic Nanostructures
HAZEEE o8 7] TR

HEQ". =it 8

Nanoscale dielectric materials with high permittivity attract
considerable interest because they are essential components in
electronic and energy storage applications. High-k dielectrics with
nanoscale dimension are highly required in electronic devices such as
gate dielectric, nano-capacitor, and energy storage devices (e.g.
ultracapacitor, batteries). However, capacitance of high permittivity
insulators such as perovskite oxide actually decreases as sizes
decreases. Therefore, attempts to design robust, high-k property in
nanoscale has not as yet been solved, and this is a challenging issue
in nano-electronics. In this work, we successfully fabricated multi-
layered nano-capacitor composed of hexagonal boron nitride (h-BN)
and few-layer-graphene (FLG)/exfoliated graphite (EG) via the use of
chemical exfoliation/self-assembled restacking strategy. We observed
unusual size and orientation dependences enhance the capacitance of
the (h-BN/FLG)n and (h-BN/EG)n multilayered nano-capacitor. The
measured dielectric constant is ~24 times larger than the value of
pristine h-BN. For the characterization of the interface between
graphene/graphite and h-BN, we measured the frequency and bias
voltage dependence of capacitance by varying the thickness of the
BN/carbon layer and the number of graphene layers. We suggest a
reason for enhanced capacitance, which is the formation of an
electrical double layer (EDL) due to the space charge at the interface.

S41-3 Quasi Two-Dimensional Transport in Electron-Doped
SnSez
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Two-dimensional (2D) layered dichalcogenide materials have
recently been investigated due to its unique electronic and/or optical
properties. For the practical application, the emergence of metallic
conduction from layered dichalcogenide semiconductor materials by
chemical doping is one of key issues for 2D materials engineering.
Here, we report the occurrence of quasi 2D metallic conduction in the
layered dichalcogenide of SnSe, by the direct Se-site doping with a
halogen element as a shallow electron donor. By precise control of
electron carrier concentration by substitutional doping, semiconduct-
ing to metallic transition in 2D SnSe, material can be accomplished.
When the electron carrier concentration of single crystalline SnSe,
meets the critical value of ~10'® cm™, the optimum Hall mobility of
167 cm?/Vs at 2 K is attained as exhibiting quasi 2D metallic transport
behavior with negative magnetoresistance. Detailed magneto-electrical
characterization reveals that such a high mobility is responsible to the
2D confinement effect with the suppression of homopolar optical
mode phonon by electron shielding.

S41-4 Thermoelectric Properties of Rare-earth Double-filled P-
type Skutterudites
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S41-5 Fabrication of Transparent NiTe, Electrodes via Magnetron
Sputtering Combined with Chemical Exfoliation

29E)Y & 3548 w) P S o8 NiTe, FHAT A=
FARSEA P L W RS E X X

Transparent conductive NiTe, electrodes have been fabricated via
magnetron sputtering followed by chemical exfoliation. The freshly
deposited NiTe, thin films with thicknesses of 9 nm exhibited an
ele