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FEmBREZBMA L ZETROLZEY V3 =T (3Y-TZP:3mol%Y,0;
Tetragonal Zirconia Polycrystal) i3, il TR & 2RI (B#M) 2R3 2 &I
EFH L, EREECBBMERZ ORI OBMIEESESH b TND, L
ML, Vna=7 kRGN E LT OB B B (TBC:Thermal Barrier
Coating) %4 F— b= [ U v 7 2%} (IMF:Inert Matrix Fuel) D EUHEIZ DT
DIFFEREFNIZ VD, BT 08 ~OiH % B Lo Bt s L L To#
Btk (LEA, BMREER BPIRERZR D) IOV TOREIZD R, KHE TIE
3Y-TZP OEVEFME~D RN F % R 2 72 6D O e+ FRUESAFRBR OBEE & O FEF B
OBIEBRFERE R A BB & L b2, TBC R IMF HBICHEM Sh T\ 5
- 3Y-TZP BEM Bt ORI DV TH AR L7z, .

BPLBEROWPE LV —P—7 T v ¥ 2k (L/F % Laser Flash Method) (2 & V47
ST, BB RET — & OENTEL IS OHE T 3 FESFA Eh TV 3,
Thbb, N—T7 %A AL . RIBEELRCEIRSIETH S, b 3FE
DJFHE - FIEBRKIZONWTRRD L &bz, 3FELHEAL CSRMEO%S
PSSR T OF 3Y-TZP OFMEERZ R | BHREMEIC DWW TR Lz, £, W
OB OB (LB, BMERR, BVREE) 2OV THHBBRF Le, T 0h
B, N—T F A DB X BN CIEBBRET — ¥ OBEREEIINEATH S
Z & BHCRBIEBERME 2 R T 3Y-TZP Bt OGS ITERN O EIRE T—HL T
BHRFAMENNETH D Z LN -o Tz, 3Y-TZP ORRESRITHN 3Wm'K' T
U= T HFEEMRO 1.5~2.0Wm K & i U CREVMEER R L,
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The ceramic-materials, especially grain refining 3mol%-yttria-stabilized tetragonal
zirconia polycrystals, 3Y-TZP, has investigated for the deformation mechanism and
mechanical propertics of super plastically deformed in high temperature. There are
many reports of the thermal properties concerning zirconia-based family materials as
thermal barrier coating (TBC) and also as inert matrix fuel (IMF) although few reports
belong with the super plastically materials which is expected to apply the nuclear
energy field. This paper describes the outline of the neutron irradiation test on the
thermal properties of 3Y-TZP. The measured data of thermal diffusivity for the 3Y-TZP
and the outlines of the thermal prOpertieS for zirconia-based materials applied to the
TBC/IMF are also described in this report.

The thermal diffusivity is measured by the laser flash method. (L/F method) The
analyses of the data are adopted with the 3-techniques regulated on Japan Industrial
Standard (JIS). Namely, it is (Dthe half-time method, @logarithmic and @regression
analysis. The principles of the 3-techniques and its characteristics are explained, and the
measurements of thermal diffusivity for the both materials isotropic graphite as
reference materials and 3Y-TZP are carried out, and discussed to the heat loss. It is
necessary to the correction of heat loss in the half- time method. for measured at high
temperature, and also especially need to the low-thermal diffusivity such as 3Y-TZP. In
the results, the thermal conductivity of 3Y-TZP material has 3Wm™ K™, zirconia-based
family materials has almost nearly 1.5~2.0Wm'K™.

Keywords: Thermal Diffusivity, Thermal Conductivity, 3Y-TZP, Laser Flash Method,
Half Time Method, Logarithmic Method, Regression Analysis, Heat Loss,
Isotropic Graphite.
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ZEALY IV 2 = T IEERICB T 2 AL AR S E CRIBIRIC R T 23R
ik Lz Z Lok, LEMARERENICIR IS RFM L 2o
T2 LT LB TND, Db a =7 (ZrO) DEFEZEALIE 1100°CHT D IEH
—SHAHEA~OMERIZEY 4.6 WEREFIET S Z & T, ZURFBRBEEDOEY A
7 MEOTHEDFFE & 725 T 0D, Z ORISR S TH B, RELDV
2= 7 QBN BRIV R AR E ORI E 2 1A Lc | B
TOBABTER DO TH B, BELINa=T RBEEYL T I v 7 A~
C OPPEFBERBRICOV T, BICEE D IC L ARFABHREYES TV H, K
WE TSR COBAEZRFTT B0 b HEERBIERIEDO—2>TH HE
PEER BB RPN E PRI OV TR EIT o 7o, IR T IEEST, FER
H AR O ERAEETHI & L COMA 2K 5 720 Df & 72 5 BUEHE~ DB R
DIFFRICHNT, THEFRERBROMELR~2, ABREHRRIT, BREDHED
B b RIS BT B RIS T b B RIEN D SOCEL T DRSS E LT,
X eV EERTREHIER 10mm X JE & Imm & 2mm O 2 fE5H, &4 5{E & LTz,
bbb ARBERBROE I 3Y-TZP OBYLBRIC I T RAN R0 KT —
HENETHZ LIZhH D,

., BIRRICB T 2R a =T ORRMERR EICh B, T Iy
7 AMBIDNEE & A CEWEEIGE RS OO LT, SRR E L
7w IE 5 DR EAL Y V2 = 7 (3mol% Ytiria stabilized Tetragonal Zirconia
memaswmm%wt?iy&x%%ﬁ@k%&ﬁﬁ%%%ﬁ%ﬂé%ﬁ:
 LITHEE L. BB BB AT % OB OB E I I

NEEEH ST DO DFFRPED 5N TWD, KIC, FFICEILEER B
iR L BEH LR cCoMARE & v B, RSB OGO BLIR
BB 5, F7o. T R RIS 3Y-TZP (2o T BRI BT O ZE#
RF A BRELRDBEDIC, LT T v v a BUR) R Y LB
TEECRAEEB O EZHAR L, BONEHET —% ORKBH RN TFIETH
HoN—T B2 A BE(tp). FEER QEYFSITED SBEOFELZHAT 5, 20
F¥EE VT 3Y-TZP & O EHRFEA 0SB EFEREN OFHEIC OV TS
Sk U7, 3Y-TZP SR OBLBRIL 1000K % 8% 5 MREE Tk, BT —2 &
BRI TR & DFEMR 9 %LL L & 72 3720 KM/ % K 5 1T 3B S IE 28
WETHDHZ &, EHICHBREEE 3Y-TZP DLE, BULBERK OBYRERDIE
FEMRAFIEIC OV Tl L 72 R 2 R B, h
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2. MREERER O3

2.1 EMERRL R OB v L
2.1.1 Hemralet _

X 7RV EER L Te 3Y-TZP 3UBHIR Y — ()23 Bl U 7= 5 C Rk sy
Wit Rz Table2-1 (TR 9, ~HEL OMEEISE, EE 10mm X E & Imm—5 #, &
& 2mm—5 fE, # 10 A THHH, FRBOES Imm & 2mm 362 4% «
25 il 3 50 (EHLE L, FEEHZ OWCERIEDAE E2S 0 B E 5 i+ 5 /-
. BEHOE SEFBICERED Weibull plot R 7z, EDHER, Fig.2-1
(ZRT L B0 1mm 3D Weibull £830 m 13 34.6, 2mm 3BT 27.9 Th D |
EEDHENRBIDOFTNAT Y FRIINENT RS T2,

Table 2-1 Chemical compositions of the sample for 3Y-TZP irradiation test.

Elements Unit Specification Result of analysis
Y203 % 4.95~5.35 5.24
ALO; % 0.15~0.35 0.254
S10, % Max. 0.02 0.006
Fe,O3 % Max. 0.01 Max. 0.002
Na,O % Max. 0.04 0.011
lg-loss % 2.7~3.9 3.40
710, % Bal. Bal.

Crystallite Size nm Not specified 37

(Grade:TZ-3YSB-E. Lot No.:S301064B)

2.12 BiF v 72V o

3Y-TZP # k% IMTR O SHAFEIRIC B W CRRET 272 DIcEH LizA v
F—% ¥ PN OIS & Fig2-2 108 L A% v R IVIZEHL O Z 4
v MIAKEER T AVI =0 22y MEFERAL, 4 F—F% 71
JTAME ., BB, RIS KL VR S TV A IREREMEE Th 5,
AME & B OB EITE T B ARBE(EE AR TER L=, 3k
AOLNERILEREE~Y 7 ATE A SR, ~U 7 A ALOWRHELET
C—ARBECER Lz, AV F— % v SRR OSSR A
- (A1050 BHSFEEE S v, ABIASRPNENICIE TE L D AR —H—28 2 BeBUBHA
R DL AV T L R = F— 1 AR, TRETEREL A,
B 3% 5B, AR_—HP— 1 BEERLN, & EBRICIZA T — R O

NHLEDZBD AT Y > 7 (SUS3I6-WPA BYNEBE S TS,
AKXy 2O ASMIE. IMTR OBKGHPHBREGOCHZBWT 14
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A 7 VRIS 57 DICREFT SN DT, A T —F v T /VHME
DTS IR E /) 1.76MPa(FME), 0.3MPa(NE) Th D,
2.2 REERER
221 MBI
FHEFRBRET (IMTR) TH#148 V-1 7 /L2003 46 H 17 H —6 H 20 B) KX U#149
YA 7 (2003 4£ 10 A 4 H—11 A 3 B)o@Essdf s, BEAL G4 12k T
786.91 BRI DRI 24T - 72, #148 A 7 IFHEIME IR X 0 BURHIR ] A
(B2 0 A S IR R 76 37h) & f;otﬁ_ . RO#I49 VA 7 )V E CREFRRE
R L7z, ‘
222 TATURE=Z—F/MIC L B kT TR ST
B P E TR EOREIIZER T A v, BT R EOHIEIIZT LR
=7 b =390 AE{AI(TI)-Co} 2l LT **Fe(n,p)**Mn i T PCo(n,
y)0Co R Lo TAERKT B **Mn B X PCo DEREE 7V~ =17 1(Ge)
MIHEIC LD y BOTIC L W BB L, PHTFREEZ RO,
F/M JIERLE D> AR U7z gl P e 7, sl e 73R, BRI & &
- OBRHRHET RO A o F—F v TR AL RS % Fig A-1~A-4 (R
U7e, Fie, sl e 7 PR B R OV sl R P IR o i B — 7 i 3% 4 2.51
X 10%(m?) K1 8.86X10"m?-sHYTh -7z, '
223 EHFEa— R
F/M O B L SZ Wi B B 3 2 7 A7 MV OFHRIZIE, B
YT a— K MCNP4B %, &7 —% 74771 & LTik JENDL3.2 %
HaRERLE,
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3. 3Y-TZP OEILE=R

3.1 BJYLHER L EVriE R |

WYEE W DBV BIAR T B IEERIT U S OVEIET B, R DV ik E
FOLTEFE, 74 /v, BF. BT BT ~F v A FURE
 TH B, EROBEEIIBTFIRORELSEETEN, BT I v 7 20
REV S HE5T BRI TIRE), $2bb74+ /) v OFLETHS,
 BAER K BN OLEDELERT 5 KB RE Q L. FDBOR
EARLE OHBIBEE LTERSNED, bbb,

DT A EESERO x FINCEREIC & o =W, dT/dx B OR
ERAETH D, — R, BESA D5 5 BE 2 IR TTIEN O IEE T 72 B
Wi, 3. )RR TERE F R AR T 5,

G2

m%ﬁ@amﬁwﬂmﬁ%ﬁ$fﬁwa%%mwmkﬂ&@ﬁmﬁ?@%
%Kﬁs‘&)éo ’ » )

a=K/pC, . (3.3)
p@mﬂmﬁﬁﬁ\@@gkﬂ@ﬁ&%ﬂf&égﬁﬁﬁ$Kﬁﬁﬁ%ﬁ
BT CERIND DI LT, BYRHER o IIFEEH BB T CRRE SN D
BThHD, HOHILFRIIONWTOEERENEY J, BEZ C LT NITIEBREK
D(m?* sec )G HRTERES NS, |

J=D gradC (3.4

Tbb, 33)RD a BWIEEEE D L R—DRTERESZ LT, LR
LIHIN B kL o T BO, |
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3.2 3Y-TZP BEMEIOEYRE R
3.2.1 BNEERERLFEASEH Thermal Barrier Coating, TBC)

Bt L 0 BEE L2 7 M D 3Y-TZP . ZrO, & TR Y05 % 3
mol % (5.15 mass %)EEE A LI TH Y . F & L TIE f(tetragonal, t-
g ECTHH, —JF, TBC & L CEAINTWD YSZ(plasma-sprayed
yttria-stabilized zirconia)ld Y203 % 3~6mol %2 & LMK CTH 5, T

NJ7d(cubic, c-AH)FISHBOD t-HDMT B L IE R E(L v a =Tk
FHEIN TV D, 7T Xv A7 L—Ml LT YSZ OFMRERD V7 $F &
B B RENE, AT V— AR T A RILE HEENICH kS~
Arur Ty rickbErbh T3, BEMEE LT 3Y-TZP Eih o
BFICi, TAZ—ErOANBEZ & T 57201, Y0 BRI/ # i
(B4 100nm UL )PV a =7 & 75 A< 27 L—E L7z TBC DV ER
WG STV B, RIEEHD BRGR % B (Theoretical Densities)63%~99%. i
fiki 8% (Grain Diameter)30~150nm OFEFH I DWW TEYRE R OIR R %
PR BT L hE TD63% GD30nm DOERESRIT=E N D 350°CE Tl
¥10W-m™ K CEARLHERTER 400CEBZ D L hx ZBEML T
<o TD99% GD150nm DBYLERE 2.7 Wem™ K T=IEND 1000°0CE T
K& BBV, —F, BEfdh(monoclinic, m-#H) TD98% GD63nm D#
FERT, BRT64W-m K2R LIREOHEME & HIZET LT 800C
T 3.6Wm' - K' L7225, 20X 9 ICBYRERN UT IRERIFEZ R34 il
MORFEIT, m-AHY v a =T OBEEEH phonon-phonon HEL(Umklapp

~ processes)IC LD XS TWDH BB B TH %5, PG Klemens and

 M.Gell® X 7%Y,0; P =7 /TBC IZTET B R+ L UL s K e Y
5 RALRICHIT D phonon HLEL S BURMEE FICKIETERIZOVT,
GDSnm~1 um OFREROBEEFEZHERHE L, ZO5GOKT
LoV D ERI L 1, Y0 2T A2 kWA A chrona=
FHD O A A DEMB DR R CORBICEENEL DD LIk V&
BT 5 MR RO WEBA 4] Th%, GDSnm OEYRER
X, =|IED 1000°CE T IW-m™ K LT CHERS LIRERFIEIXIZEAL

ORERVAS, GDlpm [N LEHA, REMAITIZEWT 27W-m K,
Z Dk, BEOHME & BTk BT HIRERFEZ R IREREEZET,
FEIE 50T 8wt%Y,05/YSZ %5 6 FEEED YSZ/TBC DIEHMERRIZ DV TR
IR B T o1z, TORE, BVYRER K IZIRADOBHRICH 5 2 & 2l
L7z,

K= —0.90P—0.0040F +0.00026T +9.28 (39
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I 2T, PRALE  (P=9.59 -0.0262H"°, H:ELELRFE)
F:32J7 fti(c-FH) D EL 3R
TARE

TTG R AT LB LT BE 28D YSZ/TBC OEVRE R ORI
FAHEIZ DU TR LI 780D YSZ & il L TR E K F
T 5B, FOFRITRAKL OBERSERHEOBIEF I CH S5 & LTnpM,
YSZ/TBC O#YRFIHRIZKIETHILBGREN 7L = o A H 1300°C —50hr.) D
FER, BVREROBEMMNAE SR, TORKIE~A 70 r Ty 7 N5eE
WAL THD 2 L2 EZRE FHRMBETEMIC L VR L2 L3
K7, 1000, 1200 KT 1400°C — 50he BALEH T L % BYRE R L 4441k
B RIET IOV TTHR7= Trice et al™® 13, 1400°C —50hr. DELERH 2
BRE RS AR, AT cMIcEb-oTEN &Y HEIRERD
BV m-AH Zro, BRI N D16 TH D Z & & XMREIY/ TEM BRI L v B
HHMZ LTV 5, Schlichting et al" I3 E £ IE YSZ 12O\ T 25C—
1000°C DI FEEGFA DBURERZJE LTz, £ DMt 3.3wt%MgO #i4r% E1t
V)V =7 (Partially Stabilized Zirconia, PSZ)FREHZ DWW T BE K N m-FH. t-
FE O c-HD bR A A 2 CEMRE R ZHE U 4SR5 E T m-AH O R A
ZVORENE CEMRERMELS D Z B LW,

YSZ ZHEAMBRELER O —IIHE A 5 AR E & LT oS ATk,
DNVa=T EERSTE LTEART LB Fl XX NZP(NaZr,P3O1o) D FlfEAF
FH(Cao.sS10.5Z14P6024, StZ14PsO024, Bar 175Z14Ps 65Si0.35024) % 1L YSZ DEYRE RS
FICET S THEAT 5720 NZPREE 24 E LTIRML TV S, VWb
% NZP/YSZ A WBM R Ch 5, Z D10, 3Y-TZP ¥yKIZ NZP k2 i
BEL, I AR L—IEIC X 0 M TAEE U Co B & B3 509, &
7z, Nicalon/SiC #EFEHC Ni A EOPIE L L T NZP B HRE S

CNTWAID = o, REEEH ﬂﬁl*(c/c' composite) D = i B2 LB 1k g ATt
E LT, ZONZP REFIH LEFIRHE SN THBE,

322 A — k= bV v 7 ZPEBIAIEL (Inert Matrix Fuel, IMF) ~

I, BAIFICBOTRE TV b= A RREHE LTRIAT 572002, A
v Y TREINS FR IV a =T AERMEEKE LS
IMF:EL, Y, PU,Z1 503 ers (x+9=0.15, 2:0.05-0.15) N B &A1, Eepbro 72 /58
BIRPMTHOI TV A, Degueldre et al® 3L o =7 5 IMF K& OVE# B!
MOBIREREZ L/FFEIC L VRN 1250K FTHIEL. A v FU T /=)L
E7 /MU TR Y TIRIIC X B S B O T B~ DR B
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FRAEADOKRE S LBELZZER L CBMREREET ML LT, RETAND
BN BYRERIT 2.0~2.6W-m-K! OIcHh 5 N EEEREHIZIEEAL
RERV, ZEBRRE SN TS, Pba=7 & IMF OFRVREREZFHMT 5
72 T4y 18 J1 % (Molecular Dynamics, MD) ¥ X = L —3 g &7\,
Zr0,-Y,05 ROBRE R 2 ST — 2O D 24 WemT- K L L, 008
VISR A/ TS, ET20 4 v MU T ARMEOHEMN & &b I BYE R TH
DI BN, TOBRBITERIE L TORRBELRRL Y F—E 7 ORER,
M B7-HTh 5 &HE L7=C4Y, , ‘
BRKAF 128U C Pu IR AL (Mixed Oxide, MOX)RREFE LCU 4 7
T B EREHE TP TWSR Np, Am, Cm R ED~ A F—T 7 F )
A F(Minor Actinides, MA) DOFANIBLR TIXFE S TV, MA &K
HHERED O R TIIE Do DWW RBEEMEE CH D, MA ZFAT L2
T 7 F A4 RV aixg MAnZnO) B BET SN T3, FAFRICET
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Fig.4-1 Dimensionless plot of rear surface temperature history at 522.3K. (IG-110).
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oL Logarithmic method I S ]
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. Q 0.6 | a?L2/4a -
i =1L/4
2 o4} ¢ a -
: - .
S o2} .
0.0 | -
|| ex.
—0.2 || source data:Isotropic Graphite a
L | measured temperature:292.4K A
-04 || 0.2>T/T >0.6 n
-0.6 [ 1 L _1 L | \ 1 ]

0.03 0.04 0.05 0.06
. - -1 -1
t (msec )

Fig.4-2 Plot of In(t"> T) vs. t" for experimental data at 292.4K.
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Fig.4-3 Example for Curve Fitting Program method.
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5.1 ZHREUBHETT MR
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- B-22 127" L7z, 4% run number (21 (a)Jii 7 — % . (b)Parker et al DF{E L Btk
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e,
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&
- 10 “(
£ g Al e
= 2
z \ s
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é E N T Eni
=
= 4y % 6.9
E Booa,(t,) “
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21 # aog) = m—
3 e e—— o S ——
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Fig.5-1 Thermal diffusivity in comparison with analysis method and
normalized value with half time method for Isotropic Graphite.

(o, thalf time, o, :intercept x-axis, o :logarithm, o :CFP, o half time_CFP)

1G-110 RIBHFAEHZ DWW TBYEHR DR ERIFEIC BT 2 M TR0 2%
BRO tip JBIZ XV EE LB R 2 Rl LoD FiEE Ol %
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Fig.5-2 Temperature dependence on heat loss factor £, and normalized

value with half time method for Isotropic Graphite (IG-110).
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Fig.5-2 M BB 52372 £ 91T koo K OY CFP/typ D HUTIEIE B LTo, Koo D
EHARILE 72 B n =2 AT/ ATm 28 1.7 DU T O#IPE CIIAMBIREE FHE AT, & B
REDOEN 3%EBZ Z2EENEL, BEEN NIV RESRDEBREDR
WIZIEKRTHOT, ZOFEAZRBELEELUTELRAL LTS, IG-110
B OBERER D DHEWTT 2 &, 1300K £TIEn=1.7 TH D 1400K ZiE 2
HE =17 LRDHOT, MR BILBERE KD S 72 DI E R EEH I
1300K ETE L. tip IS & BT FIEOBAICHBHREHENBATDH 5,
RB. NS HETIE k ZHWAEHA, nid 12 OFEETHEATES L ENT
WD D BRI Z R JAR S Koo 18 L DA IEAE & BB % it LT 5 &, Table
5-1 & O Fig.5-3 1% Lie &2 5 W ERLAE 1000K BT 3% %82 %,

12 r

Thermal diffusivity (m’sec™)
(=23
T

T T T — T L
Isotropic Graphite IG-110

®  o,_raw data 4

® o, correctdata | 4
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0 I
200

Fig.5-3 Temperature dependence of thermal
diffusivity with and without the heat
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Temperature (K)

loss for isotropic graphite.

Table 5-1 Effect of heat loss factor(kz,)
on thermal diffusivity for
isotropic graphite. (I1G-110)

Temp(K) o, U 1gomect diff.

i 300 | 10.0927 | 10.05823 | 0.341%

] 400 | 6.707876 | 6.684981 | 0.341%

- 500 | 4.937944 | 4923297 | 0.297%

] 600 | 3.920114 | 3.902713 | . 0.444%
] 700 | 3.274969 | 3.246432 | 0.871%
1 800 | 2.830801 | 2.78649 | 1.565%
00 900 | 2506158 | 2.444227 | 2.471%
1000 | 2.259604 | 2.17993 | 3.526%

1100 | 2.068057 | 1.97148 | 4.670%

1200 | 1.917327 | 1.805169 | 5.850%

1300 | 1.79788 | 1.671661 | 7.020%

1400 | 1.702863 | 1.564141 | 8.146%

(a1:X107m’sec”) 1500 | 1.627125 | 1.477404 | 9.202%
1600 | 1.56669 | 1.407372 | 10.169%

1700 | 1.518437 | 1.350803 | 11.040%
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Fig.5-4 Thermal diffusivity in comparison with analysis method and

the ratio on half time method for zirconia(3Y-TZP).
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Zirconia (3Y=TZP) unirradiated
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Fig.5-5 Effect of heat loss factor(k, ) on the thermal diffusivity
measured by half time method for zirconia material BQY-TZP).
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Fig.5-6 Teniperature dépendence of specific heat, thermal diffusivity and thermal conductivity
for the zirconia (3Y-TZP) in comparison with the isotropic graphite (IG-110).
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Appendicies

A. Axial distribution of neutron fluence/flux for 02M-73A capsule.
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Fig A-1 Axial distribution of fast neutron (E>1MeV) fluence for 02M-73A.
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Fig A4 Axial distribution of thermal neutron (E<0.683eV) flux for 02M-73A.
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