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Hardness and EDM Processing of MoSi> Intermetallics
for High Temperature Ship Engine
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ABSTRACT: This paper describes the machining characteristics of the MoSi>—-based composites through the process of electric discharge
drilling with various tubular electrodes. In addition to hardness characteristics, microstructures of Nb/MoSiy lmminate composites were
evaluated from the wvariation of fabricating conditions, such as preparation temperature, applied pressure, and pressure holding time.
MoSir-based composites have been developed in new materials for jet engines of supersonic-speed airplanes and gas turbines for
high-temperature  gemerators. These high performance engines may require new hard inaterials with high strength and  high
tenperature-resistance. Also, with the exception of grinding, traditional machining methods are not applicable to Hese new materials.
Electric discharge machining (EDM) is a thermal process that utilizes a spark discharge to melt a conductive material. The tool electrode
is almost non-unloaded, because there is no direct contact between the tool electrode and the work picce. By combining a
non-conducting ceramic with more conducting ceramiic, it was possible to raise the electrical conductivity. From cxperimental results, it
was found that the lamination from Nb sheet and MoSiy powder was an excellent strateqy to improve hardness characteristics of
monolithic MoSi,. However, interfacial reaction products, like (Nb, Mo)SiO, and Nb;Sis formed at the interface of Nb/MoSi, and
increased with fabricating temperature. MoSiy composites, with which a hole drilling was not possible through the conventional

machining process, enhanced the capacity of ED-drilling by adding NbSi>, relative to that of SiC or ZrO; reinforcenents,
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MoSi,9F Nbe] EA4x2Z Table 2] Yeh)iciBadrin-
brayanan et al,, 1996). Nb@laje] H o) &A= A5lehe A
95171 Qe Aaidnts dAEE Asidntel e A HE&2 A
BE 97 % HS0) M0 % BHEE 46 % HF) 10 %9 EFEAE
HEtoh Eeig wjolFAo) et s YoM ofFell= 20mm
85 mmzZ St Nbghs, Sl Luicle2wg HEsilth
dafArie AF 04 A(HSE oF UV)E FAJ8 383 A8,
dujele) LEAkES RSk 3 Arle W4 wadelA 8
i, &le AAlagks stk Asdvl 55, Nbis A
Hol ol@w k2 AAste] AzAHT
[able 1 Chemical composition of molybdenum disilicide powder
VoSiy). (mass %)

Mo Si C 9] Fe
63.67 35.80 0.05 042 0.06

lable 2 Physical and mechanical properties of MoSi, and Nb

Property MoSi, Nb
Crystal structure bet bee
Density (Mg/m3) 6.23 8.57
Melting point (K) 2303 2688
Coefficient of thermal
expansion, a(K-1)
at 293K ~6.8x10-6 ~7.3%10-6
at 1473 K ~10x10-6 ~9.6%10-6
Young’s modulus, E(GPa) 440 103
Tensile strength at 293
K(MPa) 325 170
Yield strength at 1473
K(MPa) 325 55
Elongation (%) - 30
Brittle-ductile transition _
temperature( ) 1000~ 1200 -100
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MoSi; #3to)) ZrOy, SiC, NbS,, B8 #3832 20vol% A7kst
MoSi; F&7318EAH BEHARS 2%1623K, 719 30MP,
71X 36ks] R oE eI Hos Azslgrk

0.2mm Nb sheet

Sintered M oSi, sheet

Cold pressure

Preform
preparation

Hot press

I 0.2mm Nb sheet (V,~10%)
[T 1.44mm MoSi, sheet

Fig. 1 Fabricating process of Nb/MoSi; laminate composites

Table 3 Fabricating conditions of Nb/MoSi, laminate composites
by hot pressing.

Volume fraction of Nb sheet (%) 10 T
Fabricating temperature 1473, 1523, 1573,
(Maximum) (K) 1623, 1773

Fabricating pressure (Mpa) 30
Fabricating time (ks) 3.6
Vacuum pressure (Pa) 1.33 X 102

Holding time (90 min) Couling
1773 10 K/min
o
1) Heat-up
- 10 K/min
g 1273
g_ Heat-up Applied pressure
g 18 K/min 30 MPa
B 423 :
Heat-u Vaccum pressure §
RT 15 K/min 1.33x 102 Pa

Processing time, £/ min

Fig. 2 Schematic diagram of hot press processing for the
preparation of Nb/MoSi; laminate composites
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iAol o) BAAEHES Weka, Nbef A= a 2%
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55 ARSSiA Btk

w3,

2.4 ATAIE

MoSi, F&1lgEA B8A8e] Auikes 2 72 AR
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Table 4 ED-Drilling Condition for MoSi> based composites
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Machining condition ] 12
Servo voltage | 4 _‘
Condenser ] G5
core 1.0 Cu
Electrode
plating 5¢m thickness Cu
Dielectric Oil for EDM
MoSi,
& MoSi, -SiC
1 material MoSi, -ZrO,
\ Workpiece plate MoSi, -NbSi,
f Nb/MoSi, -Zr0, |
‘ dimension )
202 x80
’ WxTxL) 80 (mm)

dielectric

Electrode holaer

Tubular

electrode

ageors

workpiece

Fig, 3 Schematic diagram for ED-drilling process
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I g 5 Optical microscope images of Nb sheet after tempered at
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Vig. 7 Micro Vickers hardness of interfacial reaction layers in
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Fig. 9 Cross-section of ED-drilled hole (SEM by (a) X 60 and
(b) X 300)

3.3.2 WHMIIB&Eo| At

Fig. 10 2 Cusg® % Fol= W=o = EDdilling 7133
MoSi, F47HHHE7 B3Alae] 744 s (mm/min)E el
Aotk JFEEEE MoSi-NbSi, , MoSixSiC,  MoSix-ZrO,

MoSi;, Nb/MoSir-ZrQ, =0 2 JEPGTE MoSi, NbSi 9] 7134
5ol whE Z1& MoSirNbSibloll ok gl vls] -8-574(138
20)0] ¥ Si7t @ol ¥FEHY] wE] Vet Anz A
oo



64 ek

NN
o o«
N

<
2 E
c 515
= ;
g g0
£ @
3 s
w
0 ——
MO Si2 MOSi2- MOSi2- MOSi2- Nb /MO
SiC Zr02 NbSi2 Si2-
Zr02

composite

Fig. 10 Machining speed of composites
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