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1.1 FHROWRLEN

BEDOFEH. ME. BTN, BEHE. L7 oV AREOEBIEORE
REBLHELV. HEOEARESUEVRBHRIERY . RXEALVTERENT
BEREHAZC ENEERR>TETWS, 22T HXBEASATEREE.
TORF VI AREC B A, Bhefit. FESE. B5EREERE OB
EROEIIvI AR, BEAHMBEUTEETECENPEB/IATL 3,

UDURNS., BESERORRE. BRRLEHUT. £33y 7 AWMIHE
BEL, BERIHEVRLORAERSLDE. ERCEHATICSR->THE
NOORAEBI DI, 2EMBARELO2BHULOEMEHA L R EAME
EUTOBABZELOATV S, COETIv I RLLABOEALOB IR, &
FGIVIRELBEOEARMPEERMIENTH Y. CZHRECOLBTOW
ABBARITONRZLS5ER>TE R,

ESIVIRELBORARNETORREOYELSHBE. €I I v I R
LSBEORABRNERI DR, REXOLEFATOBES L HBUTHL <. At
Xp>2BOBACAVIATV3REHE. BRBRESE. 35 k. EE
EBERENTR - RRAUTHAVSATLB[1~3]. BN—V 2. €I 397 X
LRBOBAZEOAEO—FERIL 41,

ChoDBEGEDODHFTHRDLELAHAVOINTVEOUE. 3392, 2B &Y
LHAOEVA VY~ P HRBEAT S35/ ETSH 3. UDURNSE. 4 VY-
PHEAVRES. BAKORMBEE A VY — I HESOMBERAE EESAH
3. 22T AVY—HEAVTEIIv I RELBERERREO 2 THE
BATAEMEBAENEEShTL 3,

ZRNETOWRRE. BEYRELIIVv I AEHRELLLOBEh okt &
EHERMEEUTOREIESE LT, SN (BALER) . SiC GRILESR)
REDEBRILYR LI IV I ARMEELRHENUEVEELR>TETL 3,
—%. HEMOLBELT. BEBE. €53 v 7 ALOREHREESERU T,
Ni-Cr % Fe-Ni RREOMBAESL. BARETOBSHEERU CTERPES
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DAYN—, 7L BREOALOBEABELSATV S, CD& S BAH
HOBADP AT EIIvIX. 2BEAL. RECEEEOOOBNHRZE LT
Bhoh3E50R>TETL 3, |
SV AL SROBARNOENET 322 TS vy A0OKBERE
DUk, BENECEELEOS 3 BAKOERI TH3. CORBRHUTUT
ERHRBEEUTELSh 3,

(1) €339 7REEBEOHATOER
(2) EIIVIA-LBREAABTORE
(3) I3 vIX—LBBEARRECOBEOME

(4) EEFEORE (A V¥ —PHOERE2E)

(5) Zoft

FwRXid. BHRETOES IV I AELBOBAREMNELTEY. (4)0D
BAHEORFCEELVT. ERRUVAEMEBSZEOR» > EEAME. EGHK
REGEBIUVEBERERNV LY. Cho0BAZOFAEBXUBEAHR
ERBIZHEBATFEDVTRFULTV S, $. LEOHFRTE(2)KEEL T



LREOBBARLBY ZEIIVIA—SBERETOMEORISEH IOV TR
HUTV3, 2. AL UVTEEIMER X3RELY L A7 HHBEEO
SEEBRANOEEBEOYUEBLCEEIMEL AL R BILYRBEL KO
B E9I9v 7R/ @BRRECORKEHRYUO DRI 3D ORBHRFRE
UT. MEBEEAFEAVTEI IV I AL LBOREEH LRI UREE
RERDVWTHHEXRXTW S,

1.2 AR X DK

AR, 1. 1#HTRUEESIIVIRAELBEOREGEORT. XL UTHEHME
BAER I3 ELIIVIAEEBORKEGREHA. BARREETSIHHEFREOL
TERHRZBRFU. 93V I AELEBEOBAEBIUVEOEWECHREYT S
—~EOMERRRLIEDRLDDTH 3,

E1ZUHATHY. FRNOWSELHHRODVTERTL %,

B2ETH. FIRXRELLBOBEROMBEARITL., TEUTHEAHREHUTOD
ABOLPSOMEDHRREDODVTAENTV S,

BI3BETE. BEEOMEEBRRAAEXRTHIEIRELIYI N7 B30
BRREEAIN AT ELBORACHEALU. L UTESRETOHREEOL
THRRERE2ANTL 3,

BAETE. BEREOMZEORAHEUT. BHEBOSBERANOESHELH
LIV B2 EREHBMEUT. EEEVIZ7HABBEBEH U CEEEMAE S
TokBERRE2>VWTHERTY 3,

HBOETE. EEEIMEORBEUT. EEEMR L B3EELIY LA TOR
RAAOBHEAAIIBRLYREERAOER L DV TERT VS, Thi
HEULUT. BHECLIIBLYREEAEROERRR DL THBNTY 3,

BOETUE. B3IV IAELBEOEURSEGRBROEARBTITL., ¥
EXEBHEFRODVTREFUTVS, 5399 2&UTER. FEEY L7,
TFLUITREOBILMR LI IV I AOHMRIERBILDRELII VI ATH B2
HE. KILEELHL R,

BT7ETH. HERBREAETHIIEBERERZEIIVI ALLBEOREGK



BAURERZOVWTHENTV 3,
BETUH. €3IV IACEBEORACBIIBSRETORICESCHET
ZEBWRMAREBICERANE LT, NEBHEHH. XREFRELX
DEIIVIAELBLORBEHEODVTRHUVAEABRRZSDLVTHERTW S,
BOBURRTHY. AHRTHEIWRBERERBEUTHERTL 3,
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BIEEIMES ( Field Assisted bonding % % Wt Anodic bonding ) W H
FGAEEEDLIVIEEERERERT 53 HEE U TPomerantz 2K VEFEI .
1960FF W RRIN TV AL 5] TOHEW. Na* 41 F V2 HABRBET B3NS
Fe-Ni-CoR&DEE[ 6]. B—7LIFELERBERBEOESL 7). YV arkxkB
BoREL BIRECHHAIHh TV S, TOEAEXBEULTIR. BAEE 700K
»H1000K. HESEE 200V 2000V ETHZEXhTWS, FUT. ¥
AERBIRODIICHEBIATYVWASL 9],

(1) H3ABBVEB—FZLIFTHhHO7Z7LHVES (& U TN . &
TRAAEUVUTHFELVTBY, ERERERENT S & RREDBY —
FRILBEHT 5,

(2) ZOHE. 7 /—FHE Na' 44 Y RENEL B> R NRIBEEEU 3.
ZUT. NaRZER2NUVTHBREU. 7/ —-FllOo&BEELSIv )
AORBRABNRMEABED 3.

(3) COMEBENBRMEACIVAF AL VELED. 533y P AthREA
UTILEEERERL. BEBELU 3,

BEOMBESRETAWREVT. TOMRHTSA/ &BEESGREDOE PMA
KEXBS2H[10). REROTSAREOER[11], BN TIREEROE
EBl12] RERODVWTHESHh TV 3,

U LARPse. BEXRET. BERBCHETIFARWMREILRL, Bl
WBLETREFEATFROVTIEREIELI PR EATVWRERTOEEL,

FETUE. TIALEBOBRIMBEEGRIVBEBRITS>CER2EHE LT,
ABPOSOMERAMULRBTONSAEEBOERNMMBEALZRAS. BEX
BEFEC2LTRFUVLZBRRDLTEN 3,



2.2 RBRHG &

ARBREERU A Table 2.1 Chemical compositions of glasses
FGARTHEREAT IS used for field assisted bonding
& UNa 08 HEE AL Chemical compositions (mol%)
TRREAEED Si0,- No ["sio, | cao | Mo Na,0 | Al,0, | Zr0, | As,0,
Ca0-Mg0-NaO, R RVEH 1 72 8 ] 15 1 ~ -
2 65 20 10 5 1 1 I
SATH%. FHUL R
3 60 20 10 10 1 1 1
5 ADILF M % w [ 55 | 20 [ 10 | 15 1 1 1
Table 2.1 WER¥T, & 5 50 20 10 20 1 1 1

O ET. No.lli'rﬁﬂﬁiﬁ *A1,05,2r0. and As,0, were added as dorpant

HF X No.2» B No.5W% Si0:-Ca0-Mg0-NaO, RAVEH S ATH 5. HI A& D
GRAVLVEREEBUHEIN.F% U LEDAI. Ag. Co. Cu. FeBXUNITH %, B2RE
BHRE 2mOERODOBHVEY. AMIRDVTWEX3Sun OBBLIUVERE |
mmDEDH O k.

FERCEHULBEAHEBOEARE Fig. 2. ICRT, COEBUEZHER
(M FEETE: TX10°%Pa ) « MER (EXMES . 700kg/em? ) . fngh
P GEFIRBE  NIi—CrEliMo. SEMEMEE  1200K) BIUEENWHE
B(RKRKEE: 500V, BEREHR: 3A) o3, FEAEER. BB
BEFERMTZ (FIZE. Ars N RE) PTOEBRBTETSH V. MBHOER
FEBUEUTNI—Cr2HLV3CERIVBIEHZES (I, KRP) TOX
BRLUUKETH %,

MEAEAFALR Y TOHEOWMER LI EABR. EETHEM T o
—FRELREOMELVR. MBIPIDHBP BT I ABRENTETS 3,
XRTOARFEBERIXBAFCIMOF T 2HBEXN (JIS—K&HEBEX) CLXv#lEU
oo BEEMMABRISOV. IAOKHFEREREBLIUVTROEREEEEER
BFE (FEI00V. 3ABLUS00V. 1.2AD28) BEATHETH 3. HI3 A&
LEOBITONMBESGCSVTRIAEERLEAL. Fig. 2. 1FOBHRMERE
R 50Q&Lk. ERPVTORBRFEE,. BEER. EEERLEOEEINYL
A=Y TH&G U k. -



Standard resistance , [ oil pump
|
) i .
DC power —~ Alumina
supply J“‘""JJ T~ " support
max 500V,3A Vacuum gauge
To vacuum U _\___ - Heater
system | .
-— | < Ceramics
N orer I /!Z \\kt\M tal
eta
rece rde.rch 2 Vacuum / \
j meter i~ Thermo
r_l— . | couple -
Thermo
X-T chi meter
L chT—— l
recorder Strain
ch3 amp  [— 4Ji)1
Load cell

Fig. 2. 1 Schematic diagram of apparatus for field assisted bonding

BREFEOFMIUTO
E59TH 3.

(1)

(2)

Fig. 2. 2 KRV
RERD. HI R
OHEBIUT )
- FUBLXUHRY
—FRl&EDRHE
(S A&
W) BRL XY —
K D1500%F = TH
BT 5, HER.
7 M PEEFHE
HFLLIOBIEY
%

ARF2ERULE

10 15 30
> il 0
™ ~ ~
CT T c 1 L -
(a) (b) (c)
(a) Glass

(b) Cathode side metal

(¢) Anode side metal

Fig. 2. 2 Specimen size and form for field

assisted bonding of glasses to

metals



f&\ 7/—' F M%’
ERBRRCY—-FEE

NeJ1wy sy + ~
¥ 3,
(3) Zoi>wUTH (e)
) (b)
U BB % /( |
~— ST ==
’Fug:z.BLZz:j‘.J: R K\(b)
SWHREU. Fig. (e)
2. leRURBE (a) : Glass (Ceramics)
KETZERET 3, (b) : Metal electrode
. (¢c) : Lead wires
(4) 2ROBIL2EH< (d) : Termocouple
Hic. EEBRR (e) : Alumina for insulate

BEZE(7X10°3%Pa)
Fig. 2. 3 Assembly for field assisted

Wwbl. Fig. 2. 4 bonding of glasses to metals
CRUZ#Y 1D

LT 5, B -
BRI Fig. 2. To : Bonding temperature
IOFREE T, Tb: Bonding time
K@U, B Em“ummﬁ

Uk,

BRE. AEBromAi 3
FE ST % B o 52 ik 28 7 W R
D0.TMPaT 3. LILED X
SRBRFIMTHSIAELED
BEEMMESARZITV. BE

10K /'min

Temperature

50 K /'min

HERXBLFTHGEE. & Time
BHRE. BABEERCEA
AEAFORECOVTHRH
Uk,

Fig. 2. 4 Heat cycle for field assisted
bonding



2.3 HIAEZ7AIULAORENMES

2.3.1 HIAEZ7LIZTLAOBEHMBESEIN T IABL»OMEDTR

HIALLBOBREOMBEERTBL TR, ¥ T00KH» > 1000K O s B kX UED
MBEEUT 20003 1000VBRETHIEThTVE, AWETRIAB» D
BHEORNEOHREDVTRFT I LD, METTOHIRAELEOERH
mEERIT - 2,

Table 2.2 Fig. 2. 2RFRUVREROTERIET S A LHE 2mDAIRKE. 4
WHOOMENZEALSIETCEROMBEEGULEEREETRT, TDOXRTNo.1&No.2
RILEKTBE. BEEM 10min, ENIMEE 200V HE» SO MES 0.034Pak
—ERU. BERERTREILIERLBSA. B8LKTWUBATIORHUL. 773
KTEEGURD >k No. 3N . IDEEARBDSB. ABPOMENE TR
FI23MEDO.TMPall U2 IZETH Y. ABDPOIOMEANRKELTRI LWLV
BOEER STV S, T, ABH»SOMESIN0.TMPaL KE LIFE. No AR
Uk WHEAERE 673K, &Agrlmvthvﬁ%kﬁh BEE. BAE
ETdHBEATI208FDHdhh 3,

BEBEER—EEUTHIALAMOEENMBEARIToREE. BEREEKRM
EHEET R, BEVHRBLTWY. ERERHBAEHCHENT S, BAE
BESRR. BEREEIXNEHRZYPIRPHIPEELT 2, 2O. BXERETZIOR
ETL5RMEAN. AB»SOMEABREVEEELIR>TV 3,

Table 2.2 Effect of external pressure on field assisted bonding
of commercial plate glass to Al plate

Bonding conditins

Current Amount of Bonding
No. Pressure Temp. Voltage Time electricity observed
(MPa) (K) ) (min) (ua) (mC)
1 0.03 773 200 10 13- 34 16 No
2 0.03 823 200 10 80-500 84 Yes
3 0.70 773 200 10 33-200 35 Yes
4 0.70 673 100 10 2- 10 5 Yes




COERIE AFALAOEREMBERBLTW. 4B»r>30MEEA R
MRBBY., ChETITOOTELEEOEEMMBES LB UTLIVEVES
BE. BEEETOREMTEEER 3,

2.3.2 H53ALBEERO7LIZLOES

Fig. 2. 5 CHBRHRHA I AEBEBEROAIZBAULLESD. BAKONEE
BEE27RT. BROAE. (a)DESREDB 23 hEETHEEL. Z20BAEEE
CHEETH S5, EROAB(DIDIIRCEFREAhVIEEEL. BAREN AR
CBEBIEAI AR AIEREINTZEUTERM ok, (c)BLU(dIER
ROAMEHTFARBEEURBATS 3. (c)RBAULRES. (EEALRD

(a) Glass/Al wire (b) Glass/Al foil

B

[

(C) Glass/Al plate (d) Glass/Al plate
(bonded) (not bonded)

Fig. 2. 5 Appearance of field assisted bonded specimens (a) glass to

Al wire, (b) glass to Al foil, and (c)(d) glass to Al plate,
(d) does not bonded

-10_



>hiFBETH 3. (c)TE. HIANBRAIEOHBEROZELEET LR
SGhB3UNDRENBHON S, COFE. HIALAIOKREBOBEWNH I X
DBEDETB 3 EEZON S, ERRWE, TSXALLBOBERHMBEEARIBL
T, @B&UTan—J. Fe-Ni-Cr&&[ 6] CHBRBOPIVEEBHL
GHhTV3, AMMRBAVESEARD. B330WEIETH hE(a)X(bl)D &S EH
DEEVRVEBEREEGBHTEOIDS. ULDURYBS, HIRXLAREEGR LR
BEOHIABRTOEHORLEDFELR LV, MHEORAOUTLHERHE T
B3ZEWMTES, EZ T UTORRTUHNIAPTOESRELEOEEILLY.
HIAEELRBREDEBAOTHFERHEL 2,

2.3.3 HEMHKBIITEEERZOEER

AGARETLVIZTLAOBRAMBES L BT 3 EEEXMEFORRLCOVT
BETBsLDE. 9. BAEKFE 0nin. BEEN ( SBI»OMES ) %
0.70MPa & —FEWR L. HEREBIURECEERELIE TEHZFOBRENNEE
BiToko #EHT IR

! 1 i |

EUTEWERERAT 7R 800k 0 -Bonded Bonding time : 10min
SEHU B, — X :not Bonded o

: x o

Fig. 2. 68 XSO o y o)
wEEeE~nERe J | o o
= A @
Y. APOHIES g_ % O o o o
BEOOhBEERHE. 2
XEII®EUR-o D> g‘ o o o
rE&RHERY, 2 8O X X x ]
OE» 5. BABESO X *
VHs 200V T 613 o] 1 [ | L

. ‘ 0 50 100 150 200
KOALOBRETREY Bonding voltage (V)
HEETH B LMD
>h3, ThUTOE Fig. 2. 6 Effect of bonding voltage on field

assisted bonding of commercial plate
GEREEZBVTE. & glass to Al plate

-11-



CEANOMBHPETS Y. BABEOVTUREAEE 2K THRARED S
Bholk,

HTHEANEDSh TV S, BAEE 673K, BABENVS XUBAEE
6I3K. EHATBHESOVEWLSEERZHIE. Table 2.2 TESBID s> LR W No.1
PHBUTEERESE. EEEORARHETS 5.

2.3.4 RBRABEBIEIRAREOEE

HETE. HRAIAEZLAISTAQBRENMBALE VT, BaEB3R
DR, BAEESEVEATEOMBBLETS Y. BABEOVLLETY
BEEE GISKUETRANABTS S 2 & RBN L,

22T, BABRBIETRARENOLELHI MR T I LR, RABE
% 200V. BAENE 0.70MPak —EW L. BABESLUBABM Sy
TRETHAREPANLRBERRZ DL TiENR S, Fig. 2. TRARUE LS. BE&
BERAXLTAC

- N 650 | I | I { | L=
&y, L9&a Bonding voltage : 200V
TOESIEER ~

X o O :Bonded
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Table 2.3 Bonding conditions and results for field assisted
bonding of commercial plate glass to various metals

Bonding conditions

Anode Current Amount of Bonding
metals Pressure Temp. Voltage Time electricity observed
(MPa) (X) Q) (min) (ud) (mC)
Co 0.70 723 200 30 14- 210 84 Yes
Ni 0.70 723 200 30 20- 1200 58 Yes
Fe 0.70 723 200 30 115- 350 44 No
Cu 0.70 723 200 30 1750~ 4600 5290 Slight
Ag 0.70 773 200 7 1850-18550 3480 Yes
Al 0.70 673 200 40 3- 27 10 Yes

Table 2.3 WRU R LD, HIAELWUBIUADOERHMBESR BV TH.
BATCERCEVEBAEEARL. BEERECLBRT L. HOLBEEORSE
DIBED 1VRBEECHEER>TVS, ¥2. HOSE2EBRBURLES. 2.3.
1ETHENR &S, BATOERERBRELE -2 BYWIPDPLHIT S0
U, Cub B WiEAREE L REA. Table 2.3 RRULBEANTRERUE
Fhe X3, HOREEF VA EACHEARONS A0BOEILIEED S h
B ok, CuB3VIATEHLRIBE. BAK. 7/ - FHOYS ANBHE
FEUTOWEORED Sk, |

DLEOHEP . HOIRELBOEENMBEARBLTH. SER-DD Y 4
TEAET B ENTES, Thids (DEEERENIE . FEERIEX
BEE-RBROEVDPREHADT BCo. Niv FeB L UAL (IEEERENAE <.
BEBRSBMELACEMUKRYT. BAKTY /- FHOAI ANBLEESED
BN BCUBEUALTH 3o

2.5 HIA/ 2BBRERBTORREY

AZAELBOBERHMBEELBVTE. HIXAANOBEEMIZ &V H S Atk
D N AF2R7//—-Flpohy—FHMeBHIT B, Fig. 2.11c. EXEHM
ROAIZAD7 /- FUBIUAY - FUONBREREPMALK VAU K

RERT. COEMPS. 7/ —FRUTENEBEBBEDUY 10unDNaRZBERE
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Fig. 3. 7 X-ray diffraction pattern for anode side fracture surface of
Cu/ZrOz(ISmolZMgO)/Cu joint bonded at 1073K for 20 min under
electric field of 50V-->750mA
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Fig. 3. 8 SEM photograph and EDX element
analysis results for cathode side
interface of Cu/ZrOZ(ISmOIZMgO)/Cu
joint bonded at 1073K for 20 min
under electric field of 50V-——>
750mA/cm?
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Fig. 3. 9 Microphotographs of both anode and
cathode sides cross-sections of Ni/
Zr0,(15mo1%Mg0)/Ni joint bonded at
1073K for 60 min under electric field
of 100V-->750mA/cm?

BMDEHY —FRTEHI0Oum ORISBERESZ N, 7/ - FUTETHEZEHE
TELI3RILYEBRZERUTLRLVOBED NS, CORY—FRHOBWE. Cuk
OBEEHMFEAGRBVTCEUVLRBEARKRREEXREZELUTVW S, FUT. Y
—FUTECORICBEOEB KX VFEFTCEERBEANER S LI U. 7
J-FRHOBEEGBERFEFTIH,

Fig. 3.10i. Zr0, (15mol %Mg)ENI DAY — FUDSEMEES L UEDX
KKERENPHERERT. CORME. Zr0(15mol Mg ENiZ BIEEIMES
URBERXD. IreNiRERSETIBR2ARUTLIOBED N 3, ZOE
P DZr0s (15mol %MgO) I T ZrY v F. NI TUNIY Y FIRR > TH V. HEH

-30-



TEdEEVERBICEILL
TLW30BRBDHsdH 3,

Fig. 3.11&&27 / — F il
BUAV—-FlloLER
AlEUT. Zr0,(15mol1%
Mg EBEEIMBTEA U 215
BONV—-FHUREBDS
EMEEBLIUDEX K&
AAERDTEREFRT, #
GRETEZES. BAEE
B873K. AWM 40mink
U. ENNEE 100V TEE
EREEN TmA/em2izz N
F5ETRREVLEKR. BE
BIRMEE TOmA /cm® TRE
Uk COBERXHWE. Cu.
NICILEXNTAIOB A B E L
H. BEEERKLIUT
W3, ZOMT (a) &

L Zr02 (15mol %Mg0II &R
(b)) MIIAIHNEBTS 3, yAS
(c) RE. AV—-F AR
EIERVRBETH . Ir
CAIRERAELVTE Y.
MEDFEEDRDO>IN B, Z

.

10pum
DEDIBREWE. Zr0.(15mol o
0 - Fig. 3.10 SEM photograph and EDX element
M0 & Al 2 BIEEN I #% & analysis results for cathode side
Uk By —F Rl RET RS interface of Ni/Zr0,(15mol1ZMgO)/Ni
N joint bonded at 1073K for 60 min
@D ohs. under electric field of 100V-—->

o>, 7ro,(15 750mA/cm?

-31-



o ocH QEV | 80358 INT
FS= 500  KEUEXe = 18EV2CH

3 flil m;l.. |1
HH B i

TUTeEY. 16110 INT “acH 8EV 18139 INT
KEUEXaRAY - HS= 1BEY2CH FS= S00 KEUEX:RQY HS= 1QEUZETH
2CH $7.300 . KEUEXSRAY L B8 :

, !u o

Fig. 3.11 SEM photograph and EDX element analysis results for cathode
side interface of Al/ZrOZ(ISmOIZMgO)/Al joint bonded at 873K
for 40 min under electric field of 100V-->70mA/cm?
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Table 3.1 Bonding conditions and results of field assisted
bonding of ZrO,(15mo17ZMg0) to metals

Bonding conditions Formation of layer
No. Metals Temp. Time Voltage Current Amount of Anode Cathode
electricity side side

(K) (min) (V)  (mA/em?)  (C/cm?)

1 Cu 873 60 100 750 1130 Yes No

2 Cu 973 60 50 1510 3840 Yes Yes
3 Cu 973 60 50 750 1210 Yes Yes
4 Cu 1073 20 50 750 680 Yes Yes
5 Cu 1073 20 0 0 0 No No

6 Ni 873 60 100 750 790 No Yes
7 Ni 973 30 50 750 680 No Yes
8 Ni 1073 60 50 750 2560 ‘No Yes
9 Ni 1073 60 0 0 0 No No

10 Al 873 40 100 70 60 No Yes

TOREARVLAZTHRBREKADOERBAD RV EIh TV I BT
FRETE. Cus NidBVIRAIRZr0(15mol BMID EHIFMI B ABRELEE T
RTEREKY. AY—FHMAEBTOILr—E&EBOERBBIDO R, TOHY—
FROIr—&BREOERR LY. RELV L7 LLBOREREARE L
%o

3.4.2 AREHBPTODIr0,(15M01%Mg0) & CuD BEEEI MBS

3.4. 1Tk EEHTIr0(15m0l %Mg0) E £BOBEENMBARITO. &
FEOAYV—FURETOIr—2BBOEBMR LV BESBONIZERHELHIT
Uk EEHTR. RELCVLAZTAOBERDOOBRTHRAB I LAE L.
HBEHNEBCRELI LI 7 IR T I OEELION S, KAT TR, BE
EINAZF7AOBFERP>OBRFHRABEETHY. BEEAOMR L3R ELY
NIAZT7ORBIFLETHS S FHEN S, £ T Zr0(15mo1 %Mg0) & CuD B
EEIMEE 2 RAPTITL. BEOEAHF ROV TR U k.

Fig. 3.2, 7/ - FHBIUAV—-FHMOELERZC& U T, Zr0.(15mo1 %
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BEORZWLVEIU2Zr0(15mol %Mg0) 2 Cu 0 DBEDB —HBBHT 5 1
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UT. KRFTOREGRBLVTRTHA» OBERENES TH V. Cu0n @
BT A ERCBEORZIWCEYVBILU 2Zr0,(15mol BMgON OB HEHE BITH
hieldD. Cu0DBRLICLBCUEBRIER U AR RdDEFTL NS, EE. K
[P TOBRAMBEZBOTUE. CUOKRRRBBUTVLEHL TORILIZD S
hio e 4.3 THENRSZ LD, GHPZDHERHMER T LBAREE
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Fig. 3.13 SEM photograph and EDX element
analysis results for cathode side
interface of_Cu/ZrOZ(ISmolegO)/Cu
joint bonded in Air at 973K for
60 min under electric field of
50V-—>750mA/cm?
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Fig. 4. 1 Examples of voltage and current

change during field assisted
treatment of plasma sprayed

zirconia coatings at 1073K,

(a) Zr0,(24wtZMg0) and

(b) Zr02(8thY203)
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coating

substrate _59}_"24
Cathode side Cathode side

Fig. 4. 2 Microphotographs and EDX analysis results of electric
field treated Zr02(24thMgO) coatings on Cu substrate
electric field treated at 1073K for 20min under electric
field of 10V-->1000mA
IOVTEEERD 100mARET B3 FTIOVRZERFULK. BEEHREL 1000mA
THRELVR. CORD» S, BHULT IO Zr0.(20wt%BMg0)BH TR & Cukik &
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Fig. 4. 312, EEMMAEFRTD Zr0, (8wt %K Yo05 )% 41 B I & Cud FH 28

-49-



substrate

As coated

.- “' ‘A‘[;“;

v

pkﬁél§§ i f"

j‘l ! T

Anode side Anode side
coat’mg&:
A
‘.» .". t“:',‘ g: i’.

substrate ! Sok”ﬁJ
Cathode side Cathode side

Fig. 4. 3 Microphotographs and EDX analysis results of electric

field treated Zr02(8%wt%203) coatings on Cu substrate

electric field treated at 1073K for 20min under electric

field of 10V-->1000mA
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Fig. 5. 5 X-ray diffraction pattern of as sintered Y-Ba-Cu-O
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Fig. 5. 6 Weight loss of sintered Y-Ba-Cu-O
quenched in LNZ from various
temperature (after heat treatment
for lhr in Air)
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Fig. 5. 7 Temperature dependence of resistance

for sintered Y-Ba-Cu-0 quenched in LN,
from 573K
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Fig. 5. 8 Temperature dependence of resistance

Normalized resistance Ro

for sintered Y-Ba-Cu-O quenched in LN,
from 1073K
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Fig. 5. 9 Temperature dependence of resistance

for sintered Y-Ba-Cu-O quenched in LN,
from 773K

-60-



Sintered Y-Ba-Cu-0
Quenching
1073k, lhr,in Air
Quenched in LNZ

X-ray intensity

il

L 1 L 1 |

40 50 60 70 80
20 (degree)

[

N
o
(8
o

Fig. 5.10 X-ray diffraction pattern of sintered Y-Ba-Cu-O quenched
in LN, from 1073K

ASEH. 533K 5 8WBKOWBET InRZRHU. FHETRAUVRBEGOEREIL
2ART. CORD S MMEE E@Lﬁ&#luii@f”ﬂﬂﬁ-’"&bbn\ T g4 8 BE
TBKULTREEF—EOERR->TVWS, TBEK»>23BURRRFIIZS
LPEBTBILAEROS>NT. Fig. 5. 6RLVER LS. THBKH»S &
WURGELLHEEL

RIXODOPSEE Zenchltemp. b S;Lntere(; Y—Ba-‘Cu-O
BEELAEEERUTY 2| ok .
BOZEDB. BAL O || L0 o :
rEzoRETEEA 9 | [T 8%“'——&_
MEOBEREULTL 51— ;§;§;A 2 *
BrExons, Fig. ;Z;V § .
5.11BXU Fig. 5.6 & ° i
e, TBKHREAD =

me. R/ IVER — T
HHEERBTORS S T E— —

LR DERE>TW 3 Anneal temperature (K)

OBED & . Fig.
BROS5N B, Fig Fig. 5.11 Weight increase of sintered Y-Ba~Cu-0

5.12 €. K&, annealed at various temperature for lhr
773K lhrim# U. in Air (furnace cooled)

-61-



FRRAURRFO

EHMERERERT, e R I
o | goooTI o J
:@@b)é\ Y'Ba'cu = 1 OL L) ° % 0 5 °
o ° 7
-0 TT3SKTO (%
Fo—LREVEEN § .
WEREEU. 22KT O
FENMERULTVSO 'QU) 0.5 o Sintered Y-Ba-Cu-0
- N Q hi
BEHSh B, Fig. : UT;‘;BI?,[%hr,in Air
- _ o Quen(':hed in LN2
5.1312, K&m% 673K E ° Annealing
o | 773K,1hr,in Air
T lhrin# U, FhG = 0 Furnace cooling
‘O Py . Y S ST TN DU S X i S ST R S S SN VN

HURBESOEKE 50 100 150. ‘ ‘200. 250 ?OO
_ ) Temperature (K)
HRERYT. CORD

5. LITBK P 2 #1AR  Fig. 5.12 Temperature dependence of resistance for

EPTE2A LR Y-Ba- sintered Y-Ba-Cu-O annealed at 773K

Cu-Offsk#hid. 673K

TO7=— )V TUEHE

WRERERE S, ¥ T

MEWRBHRRUT E " e . in Air

wEOBBHERE. £ | Ang‘é?ﬁid i

A#E. 63KUTO 2 . Furnace cooling |

BETO7o—-ATi D "o

gRAsErEELE 7 | e ]

WORED B h k. . °

Fig. 5.14 . 1173K & |

BOBEERETRS
50 100 150 200 250 300

U7z Y-Ba-Cu-0%Ei% {4
Z2 TIBKT7=o—M U,
HEMFEEEEL 2 Fig. 5.13 Temperature dependence of resistance for
HEBRAOXEEHNSY sintered Y-Ba-Cu-O annealed at 673K
-k ;_:l—ij.o Fi g. 5.

Temperature (K)

-62..



Sintered Y-Ba-Cu-0
Quenching
1173K,1hr,in Air
Quenched in LN2

> .

< Annealing

g 773K, 1hr,in Air

o Furnace cooling

£

)

o

>k AJvhJ~_-ﬁ\-u~\__A-ﬂ«~__’~\f~—J\/\
20 30 40 50 60 70 80

26 (degree)

Fig. 5.14 X-ray diffraction pattern of sintered Y-Ba-Cu-O
annealed at 773K
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Fig. 5.19 X-ray diffraction pattern of as calcined Y-Ba-Cu-O
powders used for spraying
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Fig. 5.20 X-ray diffraction pattern of as plasma sprayed Y-Ba-Cu-0
coating sprayed in Air by Ar-H, plasma

TH23&E26hb, UHDULRBE, CORBRUTERUVEBERBBRIT A
OBREEHRDIDREFTHI - LI Eho. CORUTHERUERERASIZAL
72

REAPTCOTIAIBHIZCKXVERUE Y-Ba-Cu-0Z 8. 7S X TEFHH X
EVTArA A Ar— REFARBEHULRSAEHCEBRZELVU TV S, Fig. 5.
00 KRPTTIAREHHTAE U TAr— L, BEHTARHVTHERULZ Y-Ba-Cu
-ORBRRXEBOXBEHFNY -V RT, CORPS. BERATUE VWL 2HhOFE

-68-



AEDPMERE-TJOMBEFER TS 3 BaClz. CUOBIUY0.DE -T2 THY.
BEHWOBKTERBBBENR YBaCus0rx B U Cup Vo0 OEEWRED 3 h
RV Thid. BHTSAIVBEFTLERIBETHZ22DI. YBaCus07_x B &Y
CupVo0s BRET I MEREPEALERDTSSEEXON S, 2D &
BHIOBERTRPEUTLRY 00 - BEHROEBERHRIZD>N0 3
TENOBEARBEN S, TIAXAIHEBHAEUTArHARHVREAEAr—LE
BHARZAVRBATO. Y-Ba-Cu-0FHRBXEOXBEHRNY -V OZRT
BEAERD hBP ok, BHULETIOD Y-Ba-Cu-0ORBIRERCAKXIRESR
ERE2RU. BEARFHURIRD o 2,

Fig. 5.21ic. LPCT7IXIBHICLVERUL V-Ba-Cu-ORBERE D X #
BN —O-RTe TIAIGEHHAE U TRAr—LEAFALAV. BHF
 IUN—RIE 100TorrDArFEREUVUE, LPCTSAIBEHTLIOERULE
Y-Ba-Cu-ORZ BT FEBEBEVUTBY. ZOXENY-JRBARBTOTIS X
YBHRHOBAREZO ARV, Fig. 521X TRUAKBAEDOYE — 7 852
»ohk, Ihik. Fig. 5.22RRU% Y-Ba-Cu-0MKEEZFF CHMAEL
RPIBEOXREHRENY -JRBEINBZE-JERMUDBDTH 3. Y-Ba-Cu-08yK
REEFHTHABULEEGL D, LEROMKULPCTIXT@AHIC LV
MUk Y-Ba-Cu-ORBREEABORERBEL TR, ©2FV. LPCTS
ARBPEVERU 2 Y-Ba-Cu-0REW. KRPTOTIAIBHM»SEH

As sprayed Y-Ba-Cu-0
Calcination
1273K,6hr,in Air
LPC plasma spraying
Ar-H, plasma
27kW,in Ar(100Torr)

y intensity

X-ra

20 30 40 50 60 70 80
26 (degree)

Fig. 5.21 X-ray diffraction pattern of as LPC plasma sprayed
Y-Ba-Cu-0 coating sprayed in Ar(100Torr) by Ar-H, plasma
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Fig. 5.22 X-ray diffraction pattern of vacuum heated Y-Ba-Cu-O powders
heated at 1173K for 20min
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Fig. 5.23 Temperature dependence of resistance
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Fig. 5.26 X-ray diffraction pattern of plasma sprayed Y-Ba-Cu-O
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Fig. 5.27 SEM microphotograph and EDX element analysis results
of cross-section of as plasma sprayed Y-Ba-Cu-O coating
by Ar plasma in Air
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Cu
Fig. 5.28 SEM microphotograph and EDX element analysis results
of cross-section of plasma sprayed Y-Ba-Cu-O coating by

Ar plasma in Air, after heat treatment at 1213K for
3hr in air (furnace cooled)
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RBILPCHRT 5 R LV BB E R X 32 E NTETS
V. KRHFTO7o—LERBUTEVEVEETCOREL & v BEN

-75-
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R (BEIEEEE: TX10°Pa ) « MER (BAMES : T00ke/cm ) « fnkk
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b T
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TTOYSABEU R, H L
BATORBRA OB WIT | —tt—ttectrode
RBA IO SR mofl for heater
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SHRIEEDORILS e, w:Water
cY c5

i< hdicEZEY (7
_ Fig. 6. 1 Schematic diagram of bonding apparatus
X 2 > h.
10°%Pa) & U for solid state reaction bonding of

—BOEBRIARET ceramics to metals
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1l BRUVREEE
EHIRET 3,
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gﬁﬁ&ﬁﬁﬂ%*'{fﬁé%ﬁﬁfﬁ Fig. 6. 3 Schematic drawing of assembly for
2REEHME. SEMRYE solid state reaction bonding
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6.3 REILI L 227 EA— M@ OBERRIEEE

6.3.1 BEAHCBIBIRELI NI 7HOTHYEOLE

REILINV AT EAI- B2 OBEBRRIEHEARSV T, FOBABEN.
BEEINVAZTREORANDAI—MgELORBPE. ThREIRELY L2
ZTONRRFEETSTHY ( Siles M0 E) LEBORBWL LB ENHES
DRENTVB[37]. AHMTE. REMCIY L7 EAI—MA20BBKIGES
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WY T7RECILNVAZ 7 CRYFRRELBRILY TS S CaOLISIZSi0,. Al,0s.
MBOREBMBEHA L UTEMEIATEY. THYELUTEEL UTRRREEY
2. ZTCT. BRERERERALBIZESII VI ATOTHYBOEEBLEHOVWTH

NEEHX. FHYBORRI _BHEON LY FREAI LT EAI—NzE S

DEERERAA 2,

Fig. 6. 4. MERBEHAUVLEFTHYEORR I _BHEOI LY 7REILYL
A7 Zr0(11mol1% Ca0dH B K U Zr0.(11mol%Ca0)L DXL EMESHEL T I,
COEEHMS. Zr0.(11mo1%Ca0)H (High impurity type) EZr0,(11mol%Ca0)
L ( Low impurity type) YU THERNBAREL. RADKITLILHED
DN B, TSR, Zr0(11mol1%Ca0) L i Zr0- (1m0l %Ca0) HIZ 2 B HEET 3 &y
A (EDXAHECBVT, Cald. Sils MOREDEEBEEXATEY. HS
ZAHOHTEBEEx2 o0 3) B4R, TOMBUEEERCEETH 3,

Fig. 6. 5i&. HAIRER 823K. HAKMEL 20min. BEESE 50MPal U.
H2Eg ( 7X107%Pa) TZr0,(11mo1%Ca0)H 5 & U Zr0,(11mol %Cal) L & Al —Mg
ERRERRIEEEU. SIRBERZNETUVLERERRT. CORD»E. THYE
DEV Zr02(11mol%Ca0dH DAL UNT. FHYBOHRWVIr0(11mol%
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i

i

Fig. 6. 4 Microphotographs of both high impurity type and low

impurity type Zr0O,(1lmolZ%Ca0)
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e A0SO DEBE R TAI—MZB LTS % A505235 & U A50830D /.
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RIERLZBEEPEHW R > REBIR. Al—MgA 2T OB REILLY LT T}
VI AEDODRBREHUTHEESELUTVWELEDTHZEEL B0 3,

CORIWE, REARVILAZTHOTHYBIAI—MsA L OEAICAEL
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Tensile strength (MPa)
N
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AMBMAMRRS.S.

MM

Zr02/A050 | ZrO2/A5052 | ZrO2/A5083

TB=823K , T8=20min,PB=50MPa,in Vacuum
[ High impurity type (Si02:1.4wt%lo MgO12wt%%)
m Low impurity type (Si02:01wt®. MgQO:trace)

Fig. 6. 5 Effect of impurity in ceramics on
bonding strength of solid state
reaction bonded Zr02(11mOIZCaO)/A1

alloys joints
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EREEDOVWTHNR, Fig. 6. 612, HAEER 823K. HABMLE 20min &
GEN%R S0MPak U, EZEdr ( 7X107%Pa) BLUKRPFTIr0(11mol1%Ca0) L
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UEZEFTORGELUBUTEAUTRRSTVIONBH >3, COEES
EOEEU. SIRABRCBUIWHEHLROBEVELTHED H. Fig. 6. 7
WRT LI, EERFTHEALVLDON Fig. 6. W(a)D i3S REELIY LIS
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SWAIEWEL Al 0 M1
EUVERRBETHFTTSON
BHohk,. Tk, KRF
TOEARXBO TG
DAI—MsALFREIELE
BUTEBY. Al—MgA &%
BRABLUTVWRRELY
NAZTF7EHBELRBR-TL
500D, D2FY,
RERFTOEAGRBV TR
Al—MgEE&BHHDODRR W &
SBILVEEGBECEEU.
FOERUEBIEYWERE

30
g 7
£ 20 ;?
3 —
D %
: 7
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%
O_.
in Vacuum in Air

[ ] zroaa050 Te=823K
/] Zr021A5052 Tg=20min
BRI Zr021A5083  Ps=50MPa

Fig. 6. 6 Tensile strength test results for
solid state reaction bonded Zr02(11
molZCa0)/Al alloys joints bonded in
vacuum and in air

Y NLIZT7ORISCLXVBEERETHLAVERERULEEEZ dN 3,
DED &S, BEAVLIAZT EA—MEEOESRBEARBVTIIZEOD

REMHUBRETHRCEEIh, EEHTOBALEBUTKATTEALLYS
GUBRSHBENKIR S, Chid,. KRR EZIBIULLIVAFEHTLIVERLE

M 5DTHBEEr 603,

in Vacuum Ts=20min

(7x1073Pa)
(a)

icm

_lem  in Air  Te=30min

(b)

Fig. 6. 7 Appearance of fractured surfaces of ZrOz/Al joints

bonded (a) in vacuum and (b) in air
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ESIVIRALEBOAIFEEVTE. 35HANDTI. IrREO0BERIUL
THEUELREROBRNBESELRRE{MEI TS EBM A TVAEL 1], 2O,
TIiERWZIrEEMU A58 R2EHAVESSSHBEBESHESEEL LTI H. Ti—
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OHEHERRBROSSHPTTIREIIVIAKRBRBRHRZEBIL. 53992
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B THRY, ZEIT. A TU LI IV I AL LBEOBEERACEY 24
BHOTIOBEFHOVWTHIHPR TSI ERENELUT. 7L IF ERECU-ATI
GROBEGFREEEEHASIRBEREODVTHEN S,

Fig. 6. 8. EZEth ( 7X107%Pa) THARKML 20min. EEEH%E 50MPa
E—ERU. BEEERTLITET A0 Cu-ATid2OERKRISEE BT 0.
S| aRTEHTIREE 2 HllE U

. — —o0— Al03(99.6Wt%s)/Cu-4Ti
RERETT. LBRO so ~% - Al203(99.6wt°/o)/Cu
HR. A—E65%% TB:20min
- Pg :50MPa
&3 Al0;&Cu iz %" sok- In vacuumn(7x1073Pa)
AHREOVTHRL o
- o]
e ZOBDB. Ha Z30-
BEIBRAGEEOLR O a
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BEUEIULTVWAO o
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B BESMWE. Bonding temperature (K)

Cuk DIEE M 20MPa Fig. 6. 8 Effect of bonding temperature on bonding
T550WlH L. Cu-4 strength of Al,03/Cu-4Ti alloy joints

compared with joints of Al,03/Cu
TIEEDRADES
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T8 Al203(99.6wt°,)/Cu Al203(99.6wW1°%0)/Cu-4Ti
973 K ‘ @
1073 K ‘ C ‘
123 K
ZgZOmm,PESOMPa 10mm

Fig. 6. 9 Appearance of fractured surfaces of A1203/Cu—4Ti alloy
joints compared with joints of A1203/Cu bonded with change
of bonding temperature

WJH AOMPaE M ZEDER R > TV %,
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BDEAHEIRVEEZX
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FZT. Al0;&Cu
BLUCU-4TiEL£ED

EHRRICEELCBT 3

REREMTORRK

DVWTKRET 32D,

EAREE N L E Y Fig. 6.10 Microphotographs of bonding
interface for A1203/Cu—4Ti alloy

HBLUSEMIZ &Y joint compared with A1203/Cu joint

B&EUE, Fig. 6.10 bonded at 1173K for 20min under

pressure of 50MPa in vacuum
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SDREPEBRUTVEIONRRID O NS, ¥, BARTORELEUCERY

-86-



2. BERTEH
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iToke. Fig. 6.118
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Fig. 6.11& Fig. 6.
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analysis results for solid state

ohb, oF 0. EHHE reaction bonded Al,05/Cu-4Ti alloy

R T OB R I & (e
KBV TD. 354Kk
TiZ@WMULBRHERETOHEAL 43, 4] AR, CURTIREMU 2 Cu-4Tid 2
FOTIP A0, REARXBRHICKEIHh. BARETTIELERERLEDD
BAGND, 2D, ALLGEDEAGRFEREMULTIOWRIZ LD, Aly0;&Cu
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. ig. 6.12 SEM photograph and EDX line
Ti& Al0z & DRIEI analysis results for solid state
DWTWE. 8.8% T reaction bonded Al,03/Cu joint -
. . bonded at 1173K for 20min under
¥ U RT3, pressure of 50MPa in vacuum

Al203(99.6wt°/)

6.5 ZILEREAGLOBRRERES

6.5.1 SigNs A DEEKKRISES

6.3MBLY 6.4HTE. BILUR LS IV IRATHIXEILY LT
BRUTLVIFELBOEABKISHEARITL. TOBAXREATF ROV TR U
PHEREODVTENRE, KHLUTTE. E593 97 2 UTRENRERILYS
EIIVIATHAZBMERSIURILERERY L. 2B LO0BBRLES
ZITV. ZORAXEAFROVTRHFUAFBRLZ DV THENR 3,

9. FBRUEYRLIIVIREUVUTHERESERE Sis2HV A DEAEHR
Hleo Fig. 6.132. EEFTHARKMEZ 10min. BEE/E100MPas —5FW U
BRAEERERZELIET SisN EAQBEBRRIEEARITV. BABECB LT T
BREOERBLU SDVTHANLEERRZRT., CORT. OMUELRETORE.
CHIWE SisNsBMFTOWMAERT. Fig. 6.14 1. BAFRBCHUT LU LIZ4 &
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KCBFZEIIVIIBHMIRTOHRM TWE. Fig. 6. 7530 Fig. 6. 9 &
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Fig. 6.13 Effect of bonding temperature on

bonding strength of solid state
reaction bonded SigN,/Al joints
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Fractured at interface
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Fractured in Si3Ns

Fig. 6.14 Examples of fracture surface of solid state reaction

bonded SisN,/Al joints
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Fig. 6.15 Effect of bonding time on bonding
strength of solid state reaction
bonded SigN,/Al joints
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Fig. 6.16 Effect of bonding pressure on bonding

strength of solid state reaction
bonded SisN,/Al joints
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Fig. 7. 1 Size of specimens used for friction
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Fig. 7. 2 Schematic diagram of apparatus for friction welding
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Table 7.1 Conditions for friction welding of ceramics to metals and
results of tensile strength tests

Friction | Friction Upset Bonded | Tensile Fractured
Ceramics Metals pressure time pressure area strength | location
(MPa) (sec) (MPa) (mm?) (MPa)
15.6 45.1
Al 10 6 25 19.7 35:3
38.5 34.3
Al,04
Al-4.5wt7Mg 30 6 70 15.9 20.6
30.0 11.8
Zr0,(15mo017%Ca0) Al ) 12 40 15.6 124.6 in
19.6 96.0 Ceramics
28.4 62.7
Al 5 18 25 21.1 59.8
ZrOz(QmOIZMgO) 34.5 33.3
Al-4 . 5wt7Mg 30 12 70 33:1 7.8
PSZ(Y,05) AL 5 18 25 215" >125*
15.8™ >172* at
SisN, Al 5 6 15 15.9 156 Interface
19.7 92.1

* Fractured in adhesive between specimen and jig
** Measured from cross section of joint

(a) SigN,/A1050 (b) Zr0,(9mo17ZMg0)/A1050

Fig. 7. 5 Appearance of fractured surface of friction welded
(a) Si3N4/A1 joint and (b) Zr02(9molZMgO)/Al joint
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Fig. 7. 5&. EIE/I5MPa. EEEM6sec. 7 7y FES 15SMPaD LSS
HTEEU LRSI N AIEBERBRF S X UEEE I5MPa. EEERM 12sec. 77
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Fig. 7. 6 SEM phofograph and EDX element analysis results for
fractured surface of friction welded Zr02(9molZMgO)/Al joint
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Fig. 8.16 XRD results for Si3N4 powders (a) as received, (b) heated

at 1273K

for lhr in vacuum and (c) heated at 1673K for 1hr

in vacuum
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Fig. 8.18 Changes in temperature, chamber pressure and mass peak ratio
during heating of SigN,-50wt7ZNi mixed powders in vacuum,
I;4 and I;g respectively mean intensity of m/e=14(Nitrogen)

and m/e=16(0Oxygen) in mass spectrum
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Fig. 8.20 Changes in temperature, chamber pressure and mass peak ratio
during heating of SigN,~80wtZAl mixed powders in vacuum,
I,4 and Ij¢ respectively mean intensity of m/e=14(Nitrogen)
and m/e=16(0xygen) in mass spectrum
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Fig. 8.21 XRD result for Si3N4—80thAl mixed powders heated
at 1273K for lhr in vacuum
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Fig. 8.22 Changes in temperature, chamber pressure and mass peak ratio
during heating of SiC powders in vacuum, I;5 and 114
respectively mean intensity of m/e=12(Carbon) and m/e=14
(Nitrogen) in mass spectrum
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Fig. 8.23 XRD result for SiC powders (a) as received and (b) heated
at 1673K for lhr in vacuum
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Fig. 8.24 Changes in temperature, chamber pressure and mass peak ratio
during heating of SiC-50wt%Fe mixed powders in vacuum, I,
and I,, respectively mean intensity of m/e=12(Carbon) and
m/e=14(Nitrogen) in mass spectrum
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Fig. 8.25 Changes in temperature, chamber pressure and mass peak ratio
during heating of SiC-50wtZNi mixed powders in vacuum, I
and I, respectively mean intensity of m/e=12(Carbon) and
m/e=14(Nitrogen) in mass spectrum
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Fig. 8.26 XRD result for SiC-50wtZNi mixed powders heated at
1673K for lhr in vacuum
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Fig. 8.27 Changes in temperature, chamber pressure and mass peak ratio
during heating of SiC-50wtZAl mixed powders in vacuum, 1o
and I;, respectively mean intensity of m/e=12(Carbon) and
m/e=14(Nitrogen) in mass spectrum ’
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Fig. 8.28 XRD result for SiC-50wtZAl mixed powders heated at
1473K for lhr in vacuum
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2 4
Ti + -§A1203 - Ti0 + §Al A G=+4lkcal(at 1273K) (4)

DE3E. TiIKES ALGOEEBTUREOEHIXINLNF -EILAGKHEER
VECVERVILSI. 22T, BRRES>TEURAIETIOARILR EBET R
ODHHIZ LV -DOETR2EZRBUTCHERITSZEE U R,

RADRICEZEX RIBA
A+ B~-=C + D (8)
COARDODRIEBEITT 2DOEXHE.
n Ky = 2 0 (6)
RT

TRENS, $. AQr WRXTEETHh 3B,
AQr = Zv /Gt — ZvGq A (7)
(BIXBLU(TROEHURDESIVTH S,
Kr RIEFEEH
AQ: ! BETRBYBZIXTAOHHIRL¥ —
Gir ‘BETRBUIHMA i O¥XTAOHHIL XL F -
’ P RISERYERT
XTA0HBHIILE -O—KRI.
Gitr = Hir = TSir (8)
Hi: BETRBIIHS i OBELIYIILE—
Sit ‘RMETRBUSIEAIiOIYIOE—
HitBLUS BELVHBC, DEABLEUTRODEASRERIh 3,

Te T
Hit = Hito + fTaCPanT + AHTPfTPCPiszT (9)

Siv= Sire + $0 T 4 Aftre T Coier
To T Tp T T
AHqrp i BE Ty B ZHEBH
1 TH1ERT
2 PHH2BRT
B i OBETRSTS3ELEE Coir W

dT (10)
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Table 8.1 Thermodynamic data for calculation
H(Tg) S(Ty Tp AH(Typ) For phase “1” For phase 2"
Component
cal/mol cal/mol+K K cal/mol Al B1x10‘3 Dlxlos A, Bzx10'3 D2x105
Al ¥1i%2 0 6.769 932 2570 1.9 2.9 7.4
Al,0, ¥1| —400400 12.175 2303 25.71 3.96
i ® 0 7.334 1155 950 2.25 2.52 7.5
Tio ¥ —123000 8.3 1264 820 10.57 3.6 | —1.86 | 11.85 3.0
Tio0s ¥2{ —362000 18.83 173 215 7.31 | 53.52 34.68 1.3 (—10.2
Tia0s ¥2| —586700 30.92 450 2230 35.47 | 29.5 41.6 8.0
Tio, *2| —225500 | . 12.10 2128 17.97 | 0.28 | —4.35
%1 | Termodynamiczeskije swojstwa indywidualnych wieszczestw, 1zd. Akademii Nauk SSRR, Moscow 1962.
42 : Termodynamiczeskije swojstwa nieorganiczeskich wieszczestw, Atomizdat, Moscow 1965.
CpiT = Ai + B.T + C;T2 + DiT_e (11)
TREh 3,
. Table 8.2 Logarithmic coefficients of
)] < ey s .
(6)A» 3 (DR equilibrium logK;p calculated from

& U, Table 8.11ZR
UVkF-y2BVTR
., RICEETH
Kit%2 Table 8.2IZ7R
T, COFEEREZD
. RRERITIR K
3 Al0;DBIXRIET
O. BEI32KWKEBY
PREEEEH Kk
KDL,

data shown in Table 8.1

Temperature (K)
Component
298.15 1000 1323
Al 1.480 2.229 2.679
Al,05 296.202 93.250 73.170
Ti 1.600 2.319 2.661
Ti0 92.650 30.154 24.119
Tiz0s 270.164 86.784 68.906
Tis0¢ 436.879 140.749 111.711
Ti0, 167.943 55.871 45.859
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Al,0; + 3Ti — 2A1 + 3Ti0 (12)
log K133 =—3.438
TRHLSB In Kizps =—7.92 > 0
&%,
BRI & DEUk’.AltTi&Q‘%ﬁftlZJ:5¥7X®§$I*)D=F—®ﬁ_f“7§%
BUTKABES>h 3, _
2In fay + 2In X — 3In f7; — 3In (1—X) = In K+ (12)

P N

In fTi = RT
4Qmax
In 4, = _ﬁ—_ X2 | ' (18)
X Ti—AHLEYFOAIOE LS R

Qnax - BAERIZFROBEL

Qnax=—4350cal/mol. T=132K& UTUDRDOXDER2EBHITHhIE. X=
0.26833 30 3. UkMNoT. Ti:AIBERTIEELIOh, COBORISIE®R
RTREN 3B, |

Al203 + 9Ti = 2TiAl + 3Ti0 (15)

REDESE. AlL0:OBRR XS THUBAETIORRILIREZETADH
HIRALE-QOETEREET I LW LD. HALHWCD AlL0L,OTiIC & 2B
BHRETHAZEBREN B,

R, TIREZ ALG;OBRBEZIEHESIOEERET 3 RHIT. Al,0;-50
VIBTIREMEKEEZEDP, 1323KT 60ninRIGX ¥ k. RIEHEDAI,05-50wt%Ti
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RBEHEDAI-—TIHLAYOLEBADBEREIN I EDS. ALGETIORIERBL
T A0 OBRRESTEURAILTIOARIEBRIBREAEILFEE LTV
ETHOIHTH 3,

DEDERDS. Al 0L Cu-ATiGLOBERXBV T Al 0;OBRTW LT
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Al203-50wt,Ti mixed powders
1323K,60min. in vacuum(2x1073Pa)
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Fig. 8.30 XRD result for Al;04-50wtZTi mixed powders heated at
1323K for lhr in vacuum
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Al203-50wt°/,Ti mixed powders
1323K,60min,in vacuum(2x103Pa)
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Fig. 8.30 XRD result for Al,05-50wtZTi mixed powders heated at
1323K for lhr in vacuum
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