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Material properties
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expansion a, 10° m/K

Material . : Sn50
Properties Al,O4 PLS-SiC Steel Incusil-braze 50Sn48AG2Ti
Company Friatec AG | _ E5K - | Morgan Chem.| KIT, IMF |
Ceramics
Density p / g/lcm? 3.9-3.95 3.0 7.85 9.7 8.3
Strength ¢ / MPa 3501 400 560-710 338 -
Youngs modulus / GPa 380 410 210 76 68
Thermal conductivity A, W/ml 38 145 44 166 -
ffici f th I
Coefficient of therma 8.4 41 110 18.2 _
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SEM-images of ceramic/AgCuTi/steel-joints ﬂ (IT
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S|C-AgCuT|-steeI AI203IAgCuT|IsteeI -
C45E % | o %

= inhomogeneous or no wetting for AgCuTi- and AgCulnTi-brazing filler on SiC

despite a explicit Ti rich reaction zone

= homogenous, seamiess wetting and Ti-reach reaction zone on Al,O4
with AgCuTi- and AgCulnTi-filler
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SEM images of SiC-steel joints S(IT
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S|C-AgCuT|-steeI __ 50Sn48Ag2Ti
C45E o

Sn,Ag eutectic phase

10 um
Ti rich reaction z}yhe

)

= good seamless wetting for SnAgTi-alloys with
Sn = 30wt% above T = 900°C

= thin, inhomogeneous Ti rich reaction zone

= large Ti-particles in inner braze region
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Thermal resistance of ceramic-steel joints

measuring principle of LFA

.|

1. 2.

]
measuring of T =f(t) == o(T)
}\, =Q CP : p
calculation of Ry,
Sjoint — Sceramid + Ssteel + Sinterface
xjoint A’ceramic 7"steel ‘ >"interfacF
Rth
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thermal diffusivity and thermal resistance

of brazed joints
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Shear strength of laser brazed Al,O,/AgCulnTi/steel-joints A (IT
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laser output beam:
non structured: T, = 21 MPa, m = 5,1
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homogenizing optic

fracture probability In(In(1/(1-F)))
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Shear strength of laser brazed Al,O,/AgCulnTi/steel-joints S (IT
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laser output beam:
non structured: =, = 21 MPa, m = 5,1

~ homogenized laser beam:
........... lnon structured: t, = 26 MPa, m = 2,0

B structured steel: T, = 42 MPa, m = 2,1

fracture probability In(In(1/(1-F)))

fracture shear stres
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Shear tests of laser brazed SiC-SnAgTi-steel joints

fracture probability / InIn(1/(1-F))

variation laser beam profile
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Taren = 25 MPa

Keramikbruch in Bereichen mit Reaktionsschicht

Teruch = 19 MPa
-4 | | | |
1.6 2.4 3.9
frature shear stresq | oo
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Tribological testing ﬂ(IT
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disc steel AlISI 1045 (normalised), 206 HV30
pin Al,O; : monolithic, brazed
PLS-SiC : monolithic, brazed
testing samples
Fy = 100 N (2 MPa) 14 - 120
{ 1 2 3 49, 50
air, rel. hum.50% =z '] ¥ 100 _
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Tribological characterisation of Al,O; and PLS-SiC
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Al,O; / steel
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= a lower and more constant friction gradient and

= the highest temperatures.
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Tribological characterisation

average temperatureT,, ., .4
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—AI203 (99,7), monolith

— ALO, (99,7), laser brazed, 2 mm

—ALO, (99,7), laser brazed, 4 mm
AI203 (99,7), glued, 4 mm

T

Al,O,/steel-joints
average friction coefficient g, ¢,,qe

0,5+ 300 -
g O ]
3‘“ 0.4- - % 250 -
c i 3 1
S INC =" 200-
% 034 5 ]
S - S 1504
S 0,2 £
IS — A0, (99,7), monolith S 100
P 1 ——ALO, (99,7), laser brazed, 2mm & -
8 0.17 —AI203 (99,7), laser brazed, 4 mm g 50+
j% 00 AI2O3 (99,7), glued, 4 mm 3: 0 |
"0 5 10 15 20 25 30 35 40 45 50 0

Loading Cycle

5

10 15 20 25 30 35 40 45 50
Loading Cycle

= Al,O;-joints exhibit higher average friction coefficients than the Al,O;-monolith.

= only few differences of average temperature between monolith and joint

: : : . . : S
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Tribological characterisation A(IT
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Al,O,/steel-joints

friction gradient du/dv
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= Al,O;-monolith exhibits the lowest friction gradient du/dv compared to

Al,O;-brazing joints.
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Tribological characterisation N(IT
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PLS-SiC/steel-joints: variation of joining technique
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Tribological characterisation N(IT
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PLS-SiC/steel-joints: variation of joining technique
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Tribological characterisation
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PLS-SiC/steel-joints
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summary ﬂ(IT
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Brazing results

= no reproducable wetting of SiC with AgCuTi-filler

= good wetting of SiC was only achieved with SnAgTi-fillers for Sn fraction = 30wt%
but inhomogeneous Ti-rich reaction layer

= increase of compound strength of ceramic/steel joints with homogenizing optic

= Al,O4/AgCulnTi/steel-joints: from 20 MPa (m = 5) to 42 MPa (m = 2)

Tribological results
= SiC shows a higher and more constant friction coefficient than Al,O,
mm) higher temperatures of 250°C

= influence of joining technique on tribological behaviour

: . : . . : ©
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Thank you for your attention!

Deutsche _ The authors thank the Deutsche
Fﬂrschungﬁgememschaft Forschungsgemeinschaft for suppporting the
Sonderforschungsbereich 483 ,High performance sliding

aFG and friction systems on the basis of engineering
ceramics”.
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