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CHARRCTERIZATION OF Al,O0,/TA6V AND Zr0O,/TA6V CERAMIC-METAL INTERFACES

C. PEYTOUR, F. BARBIER, P. BERTHET and A. REVCOLEVSCHI

Laboratoire de Chimie des Solides, UA CNRS 446, Université Paris Sud,
Bat. 414, F-91405 Orsay Cedex, France

Resumé - Des lialsons par brasage actif ont &té réalisées entre
1’alliage de titane Ti1~6RL -4V (TAGV) et les céramiques Al:0x at L, .
L’alliage de brasure utilisé a la composition Cu 40Ag-5T1. Des ireactiang

chimigques complexes se produlsent dans la zone 1nterfaciale et
conduisent & la formation de phases de differentes compoczibions. Le
compose Cux(T1,Al1)a0 est observé a l’interface birasure/ceramicgue. A
proximité& du métal de base, des phases 1ntermé&talliques Cu-Ti1 sont
observees. Les microstructures dezs interfaces TASY/AL 0. et TALYV/ 21D,
sont trés semblables alors gue les propriétes mécanlgues présentent deg
differences notables : la resistance a la traction mezuree pceurr le joint
TAG6V/ALz0x (3 MPa) est ties i1nferieure & celle du jJoint TAGY/Z2r0;

(150 MPa).

Abstract - Alumina and zilirconia were jeoined to a Ti1-¢Al-4% alloy (TALY)}
using an active braze of composition Cu-40Ag-ST1. The interface rregion
14 shown to pe very complex, consiztingy of numerous lavers of varying
composlition and thickness. The chemical interaction of the biraze with
the ceramic results 1n a Cu,(T1,A1)40 layer. Adjacent to the Ti-£51 AV
base metal, a series of Cu-Tir 1ntermetallic phawes 1 chbearved. The
TACV/AL,0s and TALV/Zr0; 1nterface regionsg exhibit ratheir si1m1lar
microstiructures. However, the mechanical properties of the jointz in
these two systems are very different. The tensile stirength of the joint
12 granificantly lower 1n the case of TAGY/A1202 (GMPa) than for
TAGV/Zr0z (150MPa).

1 - INTRODUCTION

In many current i1ndustrial applications, ceramics must e JI21ned Lo a metal o
to a metallic alloy. Examples 1nclude engine components. &lectronic devio
and ceramic/metal composites. The processes developed to form <trora and
reliable joints have to overcome the largely diftering piroperties of ceramia
and metals /1/. There are three maj)or types of Joininm teohrilauss

(1) mechanical joining, (2) direct Jjoining, or (3) indairect jcining 727, .
Brazing 1s one of the commonly employed i1ndirect techniques for whith mstal
oraze alloys including active elements (2.9., Ti) were developed 1n oirdaer Lo
modify the chemistry of the ceramic surface and hence, to 1merove the wabthinag
of the ceramic by the ligquid braze /2,3/. The i1nteraction between the metal
and the ceramic determines the structure of the 1nterface and hsnce the

properties of the system. 1t 1s therefore important Lo understand and control
the chemical reactions which occur at the ceramic/metal i1nterface. Moreover,

the mechanical properties of the J1o1nt have to be known for a complete
characterization of the 1nterface. , The work presentacd here conzgishts Lt Lhe
1dentification of the microgstructure and composition of 1nterfacial compounds
formed upon brazing of titarmium alloy TASY and a2lumina or 2licoenia. Ths
mechanlical pbehaviour of the Jjoints 15 alsco studied and dascussed.

2 -~ EXPERIMENTAL
(a) Materials

The ceramics whilcnh were used are made oy Ceéramigque:s Technigques
alumina is 99.8 % Al20x (average grain size ~ 4 um) and the zuro
partially stabilized with 3 mel. % Y03 (averags grain cizge « CG.3% pm) The

ceramics waere joined by active pbrazing Lo a Ti-6A1-4V wt % alloy desianated a-

ARAY. SV Thie 211Atr e mame ~AE w_Ta s ea /80 2 Ta oA D 4t Lk ooy ~n o
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intergranular phase (78.5T1-3.7A1-17.8V at %). The brazing filler metal 1s
glassy ribbon of Cu-40Ag-5Ti wt % (about 80 um thick) and 1s produced by
Vacuumschmelze GmbH-Germany. Thermal expansion curves of the materials use
this study are presented in Fig. 1, on which one can see a rather similar
behaviour of Zr0z and TAGV.

Samples were prepared 1n disc form, 10 mm 1n diameter and 5 mm thicke The
ceramic surfaces were polished to a mirror finish (2 um diamond) to incres
wetting ; the metallic surfaces had a 8 um diamond polish. Brazing was
performed by heating samples for 2 to 10 minutes in a vacuum furnace

(x 3.10~-5 Torr) in the temperature range 850-890°C, and subszeguently coola
them to room temperature in 4 hours.

(b} Migrostructural characterization of brazed joints

Cross sections of the TR&6V/AL,03 and TA6V/Zr0; interfaces were characteriz
by scanning electron microscopy (SEM) and electron probe microanalysis. Ir
addition, transmission electron microscopy (TEM) and electron diffraction
were used to image the phases at higher resolution and to give crystal
structure information.

(c) Mechanical strength measurements of brazed joints

The mechanical strength of the joints was evaluated by tensile tests condl
at room temperature on brazed samples having the configuration representec
Fig. 2. The fracture surfaces were examined by SEM.

102,41/

200,(Y,0,) ZrO
10 TABV 2 TABV

.4 S G
. P

24 br braze

0 200 400 600 800 Tec g 4,5 cm .
Fig. 1 - Thermal expansion curves of Fig9. 2 -~ Micreogiraph showing the ter
TAGY, Al203 and 2r0;. specimen.

3 - RESULTS
(a) Microstructure of brazed joints

Figure 3 i1llustrates the microstructure of a TAV/ALl,03 brazement. The
electron microprobe compositional line scan of this interface (Fig. 3c¢)
indicated that complex chemical reactions occurred between braze aglumina
the titanium alloy. In particular, segregation of Ti to the braze/Alz03
interface was readily seen.

Adjacent to Alz03, a continuous and sinuous laver "a" (x 2-3 um thick) wh
composition 1s 50Ti-35Cu~15A1 (at %) was observed. TEM observation showec
that laver "a" is made of egquiaxed grains that are larger farther from Al,
(Fig. 4a). Very few dislocations were observed in the different grains wh:
were investigated. Electron diffraction 1ndicated that phase "a" has a cut
structure with a lattice parameter a = 11.43 + 0.10 A (Table 1, Fig. 4db).
crystallographic features of this phase are similar to Lhose reported for
ternary oxide CuzTis0 /4,5/. Moreover, the (Ti+Al)/Cu experimental rratio v
found equal to 1.9 which ig 1n rather good agreement with the Ti1,/Cu vatio
the compound CusT140. Therefore. although electron microprobe analysis of
oxXygen is missing, our data lead to the conclu=zion that laver "&a' 15 the
~amnaiinAd Coisf T A1 Y40 with 3.3 < Ti/A1 < 5.6
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Fi1g. 3 - Cross-section of the TA6V/Cu-Ag~Ti/Alz03 interface after brazing :
(a) SEM micrograph, (b) Schematic drawing, (¢) Microprobe line scans showing
the composition variation across the interface. '

Fig. 4 - (a) TEM micrograph showing the microstructure of the Cuz(7Ti,Al)s0
layer adjacent to Alz0x, (b) Electron diffraction of Cuz(Ti,Al)40 ; the zone
axis 1s [0O10].
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‘heo czacbaon b tho Liare wilith Lhe base oetal gave a seijies of interfacial
phases. Agiacent to Taoy, a lamellar structure ("f") waz tormed. It consis
of ar o 11 phase (btlack phase in Miqg. 3a) and a phase "' whose compositic
6P.8T1 24 60U S.0A1 at %. Llectron daffraction showed that "€" has an
hexaaonal structuire (Table 1). A review of the literature relative to crys
structuires of intermetallilc phases /6/ 1ndicated that this phase has
crveatallographic characteristics similar to those of Tiz5Sn and NissSn. Taka
1nto account that the (Ti1+A1)/Cu experimental ratio 1s approximately 3:1 ,
we can propcse the formulation (Ti1,Al)3Cu for phase "&€". Farther, we find
phases "e”. "d" and "¢ which are essentially made of Cu and Ti (Fig. 3c¢).
Phazses "e” and "d” have both a tetragonal structure (Table 1) which is
conslistent respectively wWwith that of the Ti,Cu and TiCu compounds. Concer
now laver "¢, 1t can be deduced from Fig. 3¢ that this layer 1 the compec
Ti2Cus (Table 1). However, 1n zome areas of the "¢" laver, grains containi
up to 12 at % Al were alsc i1dentified. These grains, which have an
oirkhornombic structure (Table 1), can pe i1dentified with the Ti(Cu,Al)as
compound. Last, some discrete particles "b" which are an Ag-rich solutic

are embedded 1n layer "¢,
Table 1

Characteristics of the phases formed in the TA6V/Cu-Ag-Ti1/AL203 joint.

lLavers Crystal Lattice parameters (A) Phases
structures
a o] <

a cubic 11.43 Cuz(T1,Al)aC
o] cupic 4.07 Ag (Cu 1n sc
c tetragonal 3.12 19.9 T1i3Cuaq
e orthorhomblic 4.52 4.46 12.08 Ti(Cu,ALl)4
d tetragonal 3.11 5.9 TiCu
e tetragonal 2.96 10.85 TizCu

a-T1 hexagonal 2.95 4.68 a-—Ta
£

€ hexagonal 5.92 4.73 (T1,Al)3Cu

1

The microstructure of the TA6V/Z2r0; brazements exhibited i1nterfacial
characteriztics which are very simllar to those observed in the system
TAG6V/AL:-0¢, the same 1nterfacial reaction products being formed in the twc
systems . However, some features are different

- It 18 worth noting that the zirconia close to layer "a" is blackened a
brazina, which i1ndicates oxygen deficiency for the ceramic. Thus, ther
a source of oxygen at the braze/ceramic interface because of the oxyge
mobllity 1n Z2r0,. Reversely, no diffusion of zirconium 1n the braze wa
observed.

- In both svystems, aluminum 15 detected 1n interfacial layers clese to t
ceramic. However, the Al concentration i1sg lower i1n the case of TA&V/Zr
than for TAGV/AL;0x. This trend indicates some diffusion of Al from
AJ>0x 1nto the braze.

(b) Tensile strength of brazed joints

A can be seen 1n Table 2, the mechanical behaviour of the two types of
samples 1s very different. The fracture surfaces of tihe samples are also F
different (Fig. 5). This can be directly related to the differenrnce between
thermal expansion coefficients of Al:0z., Zr0; and TASY (Fig. 1).

It can be seen that 1n the case of Al;03, fracture has taken place within
ceiramic and 1s mostly i1ntergranular (Fig. 5Sa). Rupture results of propagat
of cracke already formed 1n the ceramic near the interface upon cooling fr
the trazing temperature. In the case of 2r0z, all samples fractured within
Jo1nt area near the ZirOpr =z=urface and in no case rupture had propagated
nside zirconia. Firg. Sb shows a typical fracture surface made of two zone
one predominantly regulai-, the other puckered as can be seen at a higher
magmification 1n Fig. S5c.
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Tensile strength of TA6V/Al203 and TA6V/Zr0z.

Metal/Ceramic Number of specimens Brazing temperature Tensile strength
(°c) (MPa)

TAG6V/Al1203 10 870 *10 S 1

TAGV/Zr02 7 870 %10 150 + S0

Fig. B ~ (a) Fracture surface of a TA&6Y/Al203 sample,
a TA6V/Zr02 sample (ceramic part),

shown in (b),

(a)

the braze area

(b) Fracture surfacse of
(c) Higher magnification of the micrograph
(d) Perpendicular section of the surface fracture (metal part) .

Energy dispersive X-ray analysis performed on the surface of the metal part of
the ruptured test specimen indicates that the puckered portion of the fracture

is made of Cu-Ti phases,
part of the fracture,

Cu and Al

as shown in Fig. 5d. As for the predominantly regular
analysis indicates for Ti,

compositions

similar to those of phase "a". The complementary part of this fracture on the

ceramic part of the broken sample was also analysed,

and the presence of Ti,

Cu, Al was detected. This result indicates that the fracture occurred
nradominantlv within phase "a" in the close vicinity of zirconia.
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4 - DISCUSSION

The 1nterface region 1n the TAG6GV/Alz03 and TA&V/Zr0; brazements 1s very
complex, and consists of numerous layers of varying composition and thick
This result i1ndicates a reactivity of the braze alloy with both the ceram
and the titanium alloy.

The reactivity of the Cu-Ag-Ti braze with Al203 or Zrd:; leads to the form
of the Cuz(T1,A1)40 oxide phase. Such a reaction is not vet well defined
a thermodynamical polint of view. Nevertheless, 1t can pe assumed that Ti
segregates from the molten braze to the ceramic surface because of its
atfinity for oxygen and that oxygen from alumina or zirconia 1s dissolved
the braze. Thence, dissolved oxyuen may react with titanmium to produce
Cuz(71,A1)40 /7/. Such a compound may serve as a transition layer and a
wettable surface that promotes bonding between the ceramic and the THAsY a
The base titanium alloy acts as a source of Ti fo the braze, leading to t
formation of Cu-T1 i1ntermetallic phases. The existence of TizCu, TiCu,
T1(Cu,Al)q and TizCug and 12 1n good agreement with the stable compounds
present in the Ti-Cu phase diagram /8/.

Conceirning now the tensile tests, 1t is also worthwhile to rote that zirce
seems Lo accomodate the stresses introduced by the brazing process, 1n
contrast with what was observed for TAGV/alumina jJoints prepaired wlth a
simllar procedure. The better mechanical behaviour observed with ziirconia
consistent with the similar thermal expansion coefficients of TASY and
zirconlia. We also noted a partial transformation of the 1nitial tetragona
form of zirconia i1into a monoclinic structure. and it 1s well known that s
transformation increases the resistance to orack propagation in 2rox/9/.

S - CONCLUSION

The airfferent interfacial phases formed upon brazirg of TAGY to ZrDz and
to AlzDx were characterized. The chemical interaction ¢f the braze with t
ceiramic results In a Cuzx(Ti1,A1)40 laver. Adjacent to the base mnetal, &
segquence of Cu-Tir1 1ntermetallic phasss is observed. The mechanical piroper
of the joints 1n these two systems are very different. In the case of the
TAGV/2r 0, Joints, a tensile strength of 150 MPa was measuired. This value
high znough for considering application of the brazing procedure Lo real
systems.
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