
KME 705

KME 705

MoSi2 matrix composites for components 
exposed to HT oxidation and hot corrosion 

Yiming Yaoa, Erik Strömb

a) Chalmers University of Technology
b) Kanthal AB



KME 705

Aim of KME 705
• MoSi2-based composites without pressure-assisted sintering having 

improved fracture toughness and mechanical properties over 1200˚C.

• Hot-corrosion resistance at T =  1200 – 1300˚C. 

Background of KME X05; x = 1, 3, 4, 5, 7
• MoSi2-based composites reinforced with  30 vol.% ZrO2 had 2.5 times 

higher toughness than pure MoSi2 in 1990.

• Toughness measurements were based on crack length measurements 

around Vickers indents (1981 paper).
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Toughening effect of ZrO2 in MoSi2



Summary of results from previous projects

• Project 105
+ Developed and patented a MoSi2-20 vol.% ZrO2-10 vol.% MoB-5 vol.% SiC composite

HV10=9-10 GPa, Kc=7-8 MPa·m1/2, RT-bending strength > 450 MPa, creep rate reduced >1 order of magnitude at 1100°C/10 MPa compared to Kanthal Super.

- Required very high sintering temperature → unfavourable surface modification
- Poor oxidation resistance → lower amount of second phase (from 30 vol.% to 15 and 20 vol.%)
+ Prototype guide vane for gas turbine by water-jet machining!
- Cyclic oxidation test at 1100°C; 3-5 mg/cm2 after 500 cycles (still quite poor)

• Project 305
+ Alloying process → reduced oxide content on feed-stock powders (Mo0.9Cr0.1)Si2-15 vol.% ZrO2, improved sinterability

Kc= 6 MPa·m1/2 (KIC = 4.2 MPa·m1/2) , improved As Sintered oxidation resistance at 1400°C for 100h compared with that of the AS unalloyed composites.

• Feasibility study of prototype heat shield of reduced dimensions by conventional machining of green body!
• Reduced hardness

• Project 405
+ Optimisation of experimental set-up for oxidation testing
+ Optimisation of material processing
+ Full-scale prototype heat shield made by machining of pre-sintered material!



Summary of results from previous projects

• Project 505

• Mechanical testing at RT and 1200C; Si3N4 reference

• Fracture toughness from SEVNB and 4-point bending – discrepancy between indentation method and SEVNB

• Improved dispersion of second phase → better mechanical properties

• Physical properties measured (CTE, thermal conductivity)

• Prototype guide vane for gas turbine by water-jet machining!

• Cyclic oxidation testing at 1200 and 1300°C disqualifies Cr!!! (1200°C: 15 mg/cm
2

(0.10 Cr) vs <2 (0 Cr) after 500 cycles; 

1300°C: 7 (0.10 Cr) vs 3 (0.06 Cr) vs 2 (0 Cr))

• Cr weakens matrix. Surface condition key to properties!

• Project 705

• Extrusion successful → easier to obtain longer samples; additional heat treatment (e.g. Final Sintering) made easier

• Mechanical testing at RT and 1200°C on extruded samples of AS and FS MoSi
2
-15 vol.% ZrO

2

• SEVNB method for cylindrical samples developed → easier to obtain true fracture toughness

• Creep properties by simple test method

• Feasibility of SiC instead of ZrO
2

for reduced oxide growth rate; elimination of Mo
5
Si

3
surface layer



2004: Prototype guide vane for 30 MW gas turbine by 
water-jet machining starting from 18 kg silicide piece
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2008: Green machining of shield profiles

l blank is ”glued” with wax and cut to remove excess material
l machining from above to scoop out the hollow shape
l glue hollow profile with wax on the aluminium core to machine back side
l Shape distortion during sintering!

Modig 7200
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2010: Full-scale prototype heat shield for industrial gas turbine

l Granulation of MoSi2+ZrO2+additives → CIP → pre-sintering → machining → sintering



Influence of Cr on isothermal oxidation at 1400°C in air
As sintered material benefits from Cr additions.
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(Mo,Zr)5Si3 + Mo5Si3

MoSi2 + ZrO2 ® (Mo,Zr)5Si3 + Mo5Si3

Low pO2

AS in Ar, MoSi2 + ZrO2

Ground (GS), oxidized at 1400°C, 1000h

Mo5Si3

ZrSiO4 + ZrO2

Zr5Si3 + O2   ® ZrSiO4 + ZrO2
MoSi2 + O2 ® Mo5Si3 + SiO2
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Final Sintering at different 
temperatures

FS at 1700°C air for 5 min 

FS at 1715°C air for 5 min FS at 1730°C air for 5 min 

FS at 1700°C air for 5 min 

Protective SiO2





2007 NIST paper

Prep. RT-sf
(MPa)

HT-sf
(MPa)

E-modulus
(GPa)

KIC
(MPa×m1/2)

Hv
(GPa)

KC (VIF)
(MPa×m1/2)

(Mo,Cr)Si2+ZrO2 PLS 293±25 200±27
(at 1200°C, 0.2 mm/min)

310 4.7 ± 0.25 8-9 8 - 9

KS1800 PLS 456±40 >330
(at 1100°C, 1.0 mm/min)

312 ~3 9-10 2 - 3

Si3N4 HP 629±24 294±29
(at 1200°C, 0.2 mm/min)

294 5.2±0.07 13 5



Fracture toughness (SEVNB) for cylindrical sample
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Relative
density (T.D.) 

HV10
(GPa)

KIc (SEVNB)
(MPa·m1/2)

sf , RT
(MPa)

sf , 1200°C
(MPa)

MoSi2-ZrO2 (AS) 98% 9.5  4.4 320 334 ± 13

MoSi2-ZrO2 (FS) 98% 9.0 4.4 357 427 ± 24

Si3N4 (HP) 100% 13.5 5.2 629 294 ± 29



SEVNB and IF measurements on MoSi2 - ZrO2 composite
MoSi2 – 15 vol.% ZrO2 :
PM and extruded, sintered at 1620°C for 30 – 60 min in Ar, final sintered at 1715°C for 5 min in air, r = 6.03 g/cm3, 
silica glassy layer thickness of 5 µm. 

Measurements averaged from 4 pieces of specimens with dimension of f4 x 40 mm.
HV10 (GPa) KC (MPa∙m1/2)

(Anstis’ formula)
KIC (MPa.m1/2)

(3 – point)
KIC (MPa.m1/2)

(4 – point)

NPL UK 9.47 ± 1.11 (on radial direction)
9.03 ± 0.09 (on longitudinal)

3.04 ± 0.47 (on radial direction)
4.41 ± 0.53 (on longitudinal)

- 4.36 ± 0.12

MoT Chalmers 9.55 ± 0.52 (on radial direction)
9.11 ± 0.08 (on longitudinal)

3.14 ± 0.24 (on radial direction)
4.51 ± 0.32 (on longitudinal)

5.05 ± 0.55 4.39 ± 0.52



4-p bending test at 1200°C in air

AS FS
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THE END


