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1. MOTIVATION / OBJECTIVES IH 4PDOCTORAL | 28-29 JUnE 202

» Joining of Ti alloys to ceramic materials can contribute to overcome the limitations

that titanium alloys present when the application requires operating temperatures
above 550 °C.

» However, processing of high quality and high strength dissimilar joints between Ti
alloys and ceramic materials constitutes a major challenge!

» Brazing and diffusion bonding are the most reported technologies for metal to
ceramic joining.

» Applying interlayers between of the base materials have been successfully used for
similar and dissimilar joining of metals as well between metals and ceramics by
diffusion bonding.
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The objective of the present work is to study of the feasibility of joining of Ti6Al4V to
Al,O5 by diffusion bonding using Ti thin film and to compare with joints processed using
Ti foils, in addition to apply reduced pressure.

Interlayer materials selected:
i) Tithin films (= 1 um thick)
ii) Tifoils (=5 um thick)
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2. DEPOSITION TECHNIQUE DCE

» Deposited onto the alumina base material by magnetron sputtering

* DC magnetron sputtering

* High purity Ti target

* Base pressure < 5x10“* Pa

* Substrates cleaned by Heating/Etching
* Deposition pressure =0.4 Pa

* Power density: 6.70 x 102 W.mm~

* Total thickness =1.0 um

total thickness
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ém Ti

» The titanium foil (5 um) was purchased from Goodfellow and cutted in rectangular parts

with dimensions of 7 x 7 mm.



3. JOINING BY DIFFUSION BONDING

Parameters:

» Vacuum better than 102 Pa;

» Temperature 900, 950 and 1000 °C;

» Heating rate 5 °C/min and cooling 3 °C/min;
» Dwell time 60 minutes;

» Contact pressure.

Device (stainless steel) used to keep the pressure
contact of faying surfaces during the experiments
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Interlayer

Ti6Al4V

Set mounted

Set mounted in the furnace
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4. Results and Discussion IIE

4.1 Titanium thin film as deposited

SEM image of cross-section as-deposited Ti thin film
onto Al,O3; with total thickness close to 1 um.
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4.2 Joining Ti6Al4V/ without interlayer / Al203 (1000 °C/ 60 min/ contact pressure)

Ti6Al4V

CEMUP| 10 000 x |15.00 kV| BSED |10.8 mm|Z Cont DB42

SEM cross-section images of the joining



4.3 Joining Ti6Al4V/ Ti (1 um)/ Al203 (900 °C/ 60 min/ contact pressure)

Ti6Al4V

Ti film

@owiofmag O HV [ det |mode | WD
CEMUP | 5 000 x |15.00 kV| BSED |Z Cont|11.0 mm DB36 TiBAI4V(T)A203

SEM cross-section images of the interface with interlayer



4.4 Joining Ti6Al4V/ Ti (1 um)/ Al203 (950 °C/ 60 min/ contact pressure)

Eiae ke | A Chemical composition by EDS of the zones
Z2 ! - Ti (at. %) | Al (at. %) | V (at. %) | Possible Phases
Z1 7um B 88.4 10.4 o-Ti
‘ gl Z2 88.3 10.2 1.5 o-Ti
Z3 76.6 22.3 1.1 TizAl
Z4 80.3 6.7 13.0 B-Ti
- Z5 65.1 33.7 1.2 TisAl
Z4
ORTO| mag HV det WD | mode 20 ym
CEMUP| 5 000 x {15.00 kV| BSED | 9.1 mm |Z Cont DB-23 TiBAI4V (Ti) Al203

SEM cross-section images of the interface
with interlayer



4.4 Joining Ti6Al4V/ Ti (1 um)/ Al203 (950 °C/ 60 min/ contact pressure)

» Nanoindentation  Matrix 8x12 L., =5 mN

Distance between rows =5 um

Distance between columns =3 um
Average value of hardness and E, by
nanoindentation tests in the zones

Reduced
Hardness Young'’s
modules

Parameters

950 °C/ 60
min

QO 418,0
=) 382.9

- 347.8

30,03

2589
3126

2175
2775

- 1761
2424

Hardness (GPa)

1348
- 207.3

9,338
1721

Reduced Young Modulus (GPa)

5,200

137.0
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4.5 Joining Ti6Al4V/ Ti (1 um)/ Al203 (1000 °C/ 60 min/ contact pressure)

Ti6Al4V Interface Al,O4
Ilpm
Z1 231
Z3
Z2
WrosTol mag O HV det WD mode 20 um

CEMUP| 5 000 x |15.00 kV| BSED | 9.9 mm |Z Cont

SEM cross-section image of the interface with

interlayer

CP16 - TIBAI4V _Ti AI203

Chemical composition by EDS of the zones

- Al (at. %) Possible Phases

Z2
Z3
Z4

88.3
77.2
74.5
57.6

11.7
8.9
25.5
42.4

16.0

o-Ti

B-Ti

TisAl
TiAl + TisAl
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4.5 Joining Ti6Al4V/ Ti (1 um)/ Al203 (1000 °C/ 60 min/ contact pressure)

» EBSD Kikuchi pattern indexation

Chemical composition by EDS of the zones

- Ti(at. %) | Al(at. %) | V (at. %) Possible Phases
Z1 88.3 11.7 —

a-Ti
Z2 77.2 8.9 16.0 B-Ti
Z3 74.5 25.5 - TisAl oL 5052
Alumina_AI203 _Cl 0.56
74 57.6 42.4 - TiAl
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4.6 Joining Ti6Al4V/ Ti (1 um)/ Al203 (1000 °C/ 60 min/ contact pressure)

» Nanoindentation  Matrix 8x12 L., =5 mN

Distance between columns = 3 pm Average value of hardness and E; by
. nanoindentation tests in the zones
Distance between rows =5 um

Reduced
Parameter Hardness Young’s
s modules
1
1000 °Cc/ 2
60 min 3
4
- 5% | Ticalv | Inteface | ALO; |
B 0
V) a¥
;’ ~ 37,60 O
g Tn/ 11um
[ 3180 9
s = Z1 2.3u1
= = 1
(:3 26,00 F% D
1348 o Z3

- 20,20

9338
14,40

5200

8,600 Z2

L mag O HV det WD | mode 20 ym
CEMUP | 5 000 x [15.00 kV| BSED | 9.9 mm |Z Cont CP16 - TiBA

Op
\I4V_Ti AI203
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4.7 Joining Ti6Al4V/ Ti foil (5 um)/ Al203 (950 °C/ 60 min/ contact pressure)

i I 3 oy & 258 s 100 um
s s N2 N . e ——

OM cross-section images of the interface
with interlayer
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» Using monolithic thin films as interlayer material sound joints were obtained at 950 and 1000°C, just by
putting the Ti coated alumina in contact with the Ti6Al4V base material.

» Due to diffusion a reaction zone constituted by titanium aluminides forms, whose thickness increases with
temperatures and holding time.

» The hardness and reduced Young modulus maps obtained by nanoindentation corroborate the
microstructural characterization and allowed the different reaction layers composing the interface to be

clearly distinguished.
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