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Pressureless Bonding of 3Y-TZP to Titanium

: Eiji KOGURE', Hirokuni HOSHINO, Takeaki IIDA and Takashi MITAMURA
(Department of Applied Chemistry, Faculty of Engineering, Saitama University, 255, Shimo-ohkubo, Urawa-shi 338)

The pressureless bonding of 3Y-TZP and Ti metal using a bonding agent containing Cu,O-added 5 wt % activated carbon
as a reductant has been investigated, The test specimen consisting of two kinds of the materials in question with the bonding
agent interposed between the two has been heat-treated at 1000°C for 0 min to 8 h, exposed in an argon stream. The average
strength of the test specimens bonded under the conditions of 4°C/min of heating rate and 30 min of treatment time was 53
MPa. An observation of the interfacial composition and an analysis of the micro-constituents have been performed with the
bonded body thus obtained, employing EPMA and SEM with an energy-dispersive-type X-ray analyser. As the result, Cu
produced by the carbon reduction of Cu,O is diffused into the Ti metal to form CuTi, It has been made known that the
structure of the bonded interface comprised of plural layers is as shown below. The reaction layers from 3Y-TZP sequential
to Ti metal are titanium oxides layer (TiO, Ti,0)/Ti-rich layer (Ti with scanty Cu)/Cu-Ti alloy layer (CuTi,). The
most effective parameters affecting the bonding strength are surface roughness of TZP and heating rate when heat-treatment
is conducted. The bonding strength obtained by utilizing a specimen of TZP with 3 um of surface roughness and 20°C/min
of heating rate for 30 min of treatment time was higher than 110 MPa, None of strength degradation has been noticed at all
with the bonding strength of the bonded bodies thus obtained in Ar gas, N, gas, and the air up to 1000°, 800° and 400°C,
respectively, The result implies that the bonded bodies are thermally stabilized,
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Fig. 1.

Effect of bonding agent on bonding strength.

Fig.2. A 3Y-TZP/Ti joint.
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Scanning electron micrographs
heat-treated at 1000°C for 30 min.
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Fig.7. EDAX profiles of the interface for Ti/3Y- TZP joint.
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Cufksr o Ti li~OIE Z 4 U B4R, 210, AW
Ti&BE» 5 OHEIZED TIY) vy FRBEERT H728
THh5H. TiY vy FREiE Z10, & OEERHREE b Ti
DENFIVDTHDO CuBEFENATVS DB L
TWaEFHEND. ULhb, Z0, ic@EL T Ti 0K
RBIE PSR SN D & TBBRITE > T Z10, &S
ULTWbH0EEDNS. Morozumi 513¥ Nb & AlO,
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THb. (3) & (4) O¥—Ih5RAERZIIATE
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Fig.8. Scanning electron micrographs of the bonded
interface of the Ti/3Y-TZP-20 A joint heat-treated at
1000°C for 30 min.
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Fig.12. Effect of surface roughness of ZrO, on bond-
ing strength.
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BEVWLOEEDLNE., LU, 5umil/sdEBRED
LWsETE2RLU. D EDOZE FVEHS 33 um
B THRNICEBEOEMD 2 VWV IHENEICEET 2
A5, 3 um Dl ECRHICEATEICH T 5 B EAE
ZETIEREOKNOBERICZZDOEEONS. &
BoOWETIXY, EBAOHEMS Z2—FIZUT

t7 3y AOHEMS /L OF ERENSEINT
BELTVED, KBtFETIEe oMW ITHRE O _EAS
WEla iz, hid, BEHEFRL L2 T, ERE
A TEMEI &> T2BOMHETE % RimfES IR U
TEETAHIDIT, BHENSEGHMEZRELTHILD
BEAmZMRICT2APHMRNTHSLEBbhs. Ly
UAREAE T, e o0 cRmENREL 2
Hibs UcENTEATE, BEEHEEHLLTHETH
HOMMDIEA A& > THEAShS D EEZHNS. Ll
oz s kv, Z0, BEEHEIZIE 3 um FRE O X H5HE
tcdv@EEFEmt EJ U RS 25 Tl
2 ST 2RV B 5 Enbro 1.

3.8 EEHOBFEFTETICH I IHMTEM
BonlBEHROEEEHMIUCH T 5 BEENZHE
TB5I0, BEEEEFEREE 45°C/min T2BME L T
FRERE R ORERRFEL 7288, 2EmHL, BRIGEL
RHEDODOEABREZBTE L. AOESEE, Bk
Ti &8 % A BR#EE 20°C/min, 1000°C, 0min THEA

50
-O——O———O
401
g
Z
£m—
o
[
o
= 20
°
2 10}
2
11 1 1 4
01530 60 120 200

Keeping time (min)

Temperature: O800°C @900°C A1000°C
Average heating rate : 45°C/min
Atmosphere: N;

Fig.13. Thermal stability in N, of the Ti/3Y-TZP
joint heat-treated at 1000°C for 0 min,
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1064 INaAZT EEBTF S v OENTEES

U FgEEME 43 MPa0b D Th 5. BRFHX
HIZB I 28 &EERZHB L ERZ2FI13CRYT. X
o, BREHSHICHVT0°C £TemEHt
BE LT, 900°C, 200min R LTHEIF2HD1
DBMEZEHELTVWE I ESbbotz, LU,
1000°C T 15 min THIREMBE T T 2 ERAR LN
fo. BABEOENE, BERmIIERsnE Ti Yy
FEOEEEESH S, bbb, EAMEIC TIN %
TN AR LU CEAREEMZR< 372 20 ICREN
EFdaZEnbroT.

—7, BEEPTCEHEE40°CEFT, TVIVEHERK
FIC B WO T 1000°C, 200 min R L TH < HRES
bV ENLBLEEEEABE TS EPbho . B
B FEHNIZ & > TRRERFRREZT->TVB DI
BERICEIBEROEE L INKI N5 & Tl I 525,
ENTHLP R VERE CREROEVWEARTHLH L
Nbip ot

3.9 Ti/3Y-TZPHEEDAHZX L

BEAREOMBBERHE SN, RELEY ORI
ROREILE>T Ti/3Y-TZP A4 A H = X LIZDNT
EZR 1. K141 Ti/3Y-TZP 45 2 H = X L DR
K%zRY. HOOERBIIEARZBICEIAIDRETE
WBRHITH 5. T ORED 5, BMBHERE 800°~900°C,
TUT VI TS 5 &, BEEFIOBIEYMKS DR
WETHIC L > T CO, H R E B> TRIERAAEPN
T&E Cu KT 5. COBRETCIIFEEEARE SR
Hed, Cu DB MIGIEE LK. 950°C ¢ Cu
RAHEIT TiflIAEE Lo, —8Ricb T Ti & Cu

3Y-TZP Ti First condition

Cux0 *Active carbon

3Y-TzP| | Ti Heat-treated at 800~900°C

3Y-TZP) Ti Heat-treated at 950°C

Cu Cu-Ti Alloy

ol
ITZPYC £ T Heat-treated at 1000°C
hY
Cu-Ti Alloy
1
3Y-TZP| Ti Final condition
Ti-rich layer
Titanium oxide layer
Fig.14. Bonding mechanism of Ti/3 Y-TZP system.

ORI TH B CuTl, 24Kk d 5. CuTi, X Cu-Ti R
RN HHEIEREES 55 2 & k0 Cu OHBOBE T
Kans Tiy) vy FEs Co-Ti 4B E ORIZHRVEES
RELCIEHLDERBDNSE. 2D &3, BAKDOHE
Wik 2 IR L 28R, By Z0, & Ti )y FED
RETELCIEpHBRBINSG. CORBETIE, 5
202 Cu RS OB DA U3 210, FHEIC Ca SEE L
T RBEARECE-S-TBLTESOEERBELSE X
5. ®IZ1000°C ¢ id Cu 3 @ Ti i~ DILED—B
EFRICE Y, —Hs Cu BT fE > T TIRERD &
Ti RO OB MSE LS. & 2T Zr0, £mic Ti
Dy FENERINS. T, Ti) vy FRBOEKEE
iz Zr0, £ » H —EBEE TR DILHUC & - T Ti D{ERIR
Bt EER L CEGNEZEY, BEEREOHENCES
5. RIEKNICEAREOEBILI TO L iIcss &
Y oV RS AN

ZrOy/Ti Rkt HE/Ti V) v 7 E/Cu-Ti & )E
/Ti &8

ZCTEHEL X, CudiiBuctto T Z10, #H
WwWTiYy FBEERLICEE ZI0, filh 5 DBFED
WA D —E8 Ti ORI PE L1 ETH 5.
Ti ) v FEiE Zr0, IC BRI LT D - 0B E
BrcbB g 2BREREIEH AR TS, ULrd 210, BE4H
2 Ti OEXRBIEY 2R T 5 2 ECBRIZL 58S
OEIMENE 2D THSH. D ERVBES RIS
2 ORI U CIER ICEEE T d 2 120V B EEAH
OFEFICHEEZE T 5. UL, KERETI3FIES
el czh3EEEL2 Y RBE 2L, £ERT S
CudFILEBRUAOHERIZE-> T Ti DEAEITH L
BRIZESHEICHIGR GO T, B TEHNGETH B
Ebpo .

4. & 1F

AW ClEEE S U T HENAAEOEVWERE Ti &
Bkt s 3 v 7 A0hTHERE, alELIIvs
2+ &h53Y-TZP L OEEZEMETR, TVIVE
HEFcESTE. DTIEgsntzgRICDVWTEE
5.

(1) EEFIE LT Cu,0iz5wt % FERRE2EML
rHLOERAWTESET AL, ARFEHEE 4 C/min T,
HEs RIS o 1000°C, %GHERID 30 min (2B W THES
RPN 53 MPa 122 L /2.

(2) BABREBEIRITEZEEITIA-—F—0OHT, &
Bk HOREREEAS, TioME, BABORKE
HE, Z10, oS TH -1z,

(3) 7TrHTYEBKT, 1000°C, 30 min, FER
W 20°C/min, ZrO, HH X 3 um OB TEST S L,
BEE&®mEIT1I0MPall FIET S5 &b o1,
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(4)

INEEDRE A

BoNnEEEROBMETENEZ IR, ER

FRIZB T 400°C, BFRFASHICHBNTL00°C, T
T YBEKHIC BT 1000°C, R 200 min £ L T
LA REZ DL VBN RLEREZHE T AT
5 ENbroT.

AESETIE, BRCABFAMOER, SRRICRRS

WHE{THIETH, MO THFELHECEREDORD

bBEREOBRAERZERTE, EHANEHETHS
ZEBbhot.
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