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ABSTRACT: This paper describes the machining characteristics of the MoSi, based composites by electric discharge drilling
with various tubular electrodes, besides, Hardness characteristics and microstructures of Nb/MoSi; laminate composites were
evaluated from the variation of fabricating conditions such as preparation temperature, applied pressure and pressure holding
time. MoSi,-based composites has been developed in new materials for jet engine of supersonic-speed airplanes and gas
turbine for high- temperature generator. Achieving this objective may require new hard materials with high strength and
high temperature-resistance. However, With the exception of grinding, traditional machining methods are not applicable to
these new materials. Electric discharge machining (EDM) is a thermal process that utilizes a spark discharge to melt a
conductive materia,the tool electrode being almost non-unloaded, because there is no direct contact between the tool
electrode and the workpiece. By combining a nonconducting ceramics with more conducting ceramic it was possible to raise
the electrical conductivity. From experimental results, it was found that the lamination from Nb sheet and MoSi, powder
was an excellent strategy to improve hardness characteristics of monolithic MoSi,. However, interfacial reaction products like
(Nb, M0)SiO; and Nb,Siz formed at the interface of Nb/MoSi, and increased with fabricating temperature. MoSi,; composites
which a hole drilling was not possible by the conventional machining process, enhanced the capacity of ED-drilling by
adding NbSi; relative to that of SiC or ZrO» reinforcements.
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2.1 XM=
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B Eit) ZaaAs €5 9.9%, F7 02mme| Nb
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MoSi;¢} Nbe] &4 %] & Table 2 ¢} Yeh) ]t} (Badrin-
abrayanan et al., 1996)

Nb#Ale] @) EAste Aaag AA 7 A A
qArts AAEHT Asdrid e AHEE FHE=
97 % HyS04) 90 %, E4H(EX 46 % HF) 10 %2 EFF&9Y
2 Mgk Beag volAd dvtde Wold ¥F
e 20mmx85mmE Hu¥ Nb#g, SFoe 2"
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V)2 A3 387 Asidl, dutde] 2xdsS WA
3] 93] drte WSF BN P, §4L FAn
whg gt A dnt FEF, NbBEE A o]2nd
2 AR dzxAHY-

Table 1 Chemical composition of molybdenum disilicide
powder(MoSiz). {mass %)

Mo Si (o 0 Fe
63.67 35.80 0.05 0.42 0.06

Table 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 ~73%x10-6
at 1473K ~10X10-6 ~9,6x10-6
Young’s modulus, E(GPa) 440 103
Tensile strength at 293 35 170
K(MPa)
Yield strength at 1473 305 55
K(MPa)
Elongation (%) - 30
Brittle-ductile transition
. 1000~ 1200 -100
temperature( C) |
2.2 M=%y

Nb/MoSi, AZEFAaE neZy 2 (=D P20VS
R-16/20)& A}&38le nRFoA 7iddle LT LY
o o3 AzsA-

Nb/MoSi, BEEGATE Fig. 13 o] MoShet 4%
o] Nb#g A7) AuIAFAE AT HAA dHLER
stds & slgtsled ARtk Table 3 7 Fig. 2 & Nb/
MoSi, HA2E§FAT TeTHL AXRATF EHEE
Yeh ok w8, MoSi, B%d ZrO,, SiC, NbSi; #%
& AALE 20vol% F7H3 MoSih, FEUNSFLEA SFA
28 2%1623K, 718 30MPa, 7}4A7r 3.6kse) A
2 pexgafos AFRsYo

0.2mm Nb sheet Sintered MoSi, sheet

A £

g

Preform
preparation

Cold pressure

Hot press

0.2mm Nb sheet (V ~16%)
1.44mm MoSi, sheet

Fig. 1 Fabricating process of Nb/MoSi; Laminate Composites.
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Table 3 Fabricating conditions of Nb/MoSi; laminate composites
by hot pressing,

Volume fraction of Nb sheet (%) 10
Fabricating temperature 1473, 1523, 1573,
(Maximum) (K) 1623, 1773
Fabricating pressure (Mpa) 30
Fabricating time (ks) 3.6
Vacuum pressure (Pa) 1.33 X 10-2

Cooling

1773 10 K/min

Holding time (90 min)

1273

Temperature, T/K

Vaccum pressure FRgiE
133x102 Pa B

Heat-up
18 K/min

Processing time, f/ min

Fig. 2 Schematic diagram of hot press processing for the
preparation of Nb/MoSi» laminate composites
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2.4 ATAIH

MoSi; 54783 E74 BEgAsY Adures: 2 7+ 7
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AHg3tel 2R ET. A FEE #1500 74A) dAuiE @ &
ALOsE-TZ polishingd} g1, 2AZAE 55082 3=
100g(9.8N), 7} 1% 522 3JTh 9H L =33 AE F
A Hx F HAXE W UeiAe 749 HFAE A

89 AxE Yo

2.5 7134 HJ}

o] 2)3+ =g (Electrical Discharge-Drilling)7} &

og2E T¥F st 2 FHE
THE HFEE Aoz
) 1 - 40 mme] 7}Fe] 7h53t
th. dFe] hsE oA 250mm, Hd 7tFAF 30
A, HojE2] o]FAE 300X200mmel A PLAsE 7
(SD-IM)Z  AL8-3}4t}h Table 4 & MoSiAl EgAs <]
ED-Drilling £3& WehH A Fig. 33 o] F3a9
go|= AZ(AA 001~40m)S A&Eoz AT FA
of Mzteleg @ HAF7te|=g gt ol R ojFAA Y

¢

N oRAN g4 19 A 25 §8 FHE A
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F5ol FArgel 49 EtFdens AL

ED-Drilling7} 32
hole), HloRl Edol= T FF7|7F9 Y74, &
28 289 #717%& @ (air bleeding pin)3} oA ¥ 3,

Table 4 ED-Drilling Condition for MoSi, based composites

Machining condition 12
Servo voltage 4
Condenser C5
core 1.0 Cu
Electrode
plating 5um thickness Cu
Dielectric Oil for EDM
MoSi,
MoSi, -SiC
material MoSi, -ZrQ,
Workpiece plate MoSi, -NbSi,
Nb/MoSi, -ZrQ,
dimension
(WXTXL) 202 %80 (nm)

dieiectric

Electrode holder

Tubular

electrode

,léa——debris

workpiece ]

Fig. 3 Schematic diagram for ED-drilling process.
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composite)e HH7}Feo} RAFslog F4& He(Cu, Al
Ag % F)F IFAIYE AxA7E 8 § o 54E3
B g9 nAY=st a7sHE F571A 2RA
{Metal Matrix Composite: MMC)7} ¥ 7}Fo} oj4FA Q)
Ao, Az B{A Foe A=AY 9% A=
gho] BA7MFe] shedith AsAEE JAY BEFAe
TiNE, ¢Fuy 7]R] EfAE TiCE FH7isld A7 A
EAZE BHE 5 Avh(ZHA &, 2000)

AFe 7o Ho)= AL A8 MoSi, ¥ MoSis
o SiC, ZrO, NbSi 9 Z3AE AN BdAe @
A& ED-Drillingsl & W #3Ale] T77F $ANEEE
d mXe 9%E vinsigt £ BAEEY 1HE A
usel 47E% $759 7Y 379 FA, EUS
4 $¢ #AnA 2 FAA AxE0)A (Hitachi 5800)
oz A% MoSh FEIHUEA BgARe BA
o dis] Hrisigch WHA=do] 4 EWE #1000 4
#15009] AEZ dvid § 05me] ALOsEZZ polishing
€ AAEAY

3. alfiza ¥ 1

3.1 OM=S|
3.1.1 MoSi; 2449 Nb #9] =3

Fig. 4+ 1523K$} 1773Ke] & olx] neTgaygos
4243 MoSi, dA 9 vlAzAg FFF Aot sty
7Y A AL Z42h, 30MPa, 3.6ksolt). Az2xe] A%
o ma}, 1773Koll A 22§ MoSi,@AlolA vehd 23(E
A A AaHY, XU 23S AU ojdun
2 1523K 2E%ox A &g MoShdde 2Z4des <
79%ARA vlg] 1773Ke] XM= o 94%E Jehi
o}
Fig. 5 Z=93% Nbite] A244S #dF Aot =9
25+ 1473K9} 1623Kojt}. el 1623KZ Nbyle] 2
Aol eftan.

3.2 HFA Zx EM

Fig. 7& 1773K, 30MPa, 36ks¢] zzAoZ A2
Nb/MoSiAZETARS] AETEFo s FxA @A)
o HaE A3 2P e FLEHoR A7 MoSiy B <]
A=E Jehiithk Nbst MoSiste] AlweA 4% (Nb,
Mo)Si/d 3 NbsSigo}e] Axv ztzh HV12473} HV1421& el
Wol, MoSi @Al 8] A=(HV1160)o] 3| 3] =t} o)g} 2
o], AWRIEETL vlEY2HY dudtn, FATAdeN FHY

TS BT 2Elx, AT & Aoz qdE
(19} &, 1999; ol £,1999 )

3.3 WEIIE 5§
331 BAE

Fig. 87 Fig. 9% Cu Ho|ZAZoz MoSpBA|&
ED- Drilling7}3& AAIg *¥& Jeld zolth Fig. 9
+ Fig. 8 9] gdo|t}. Fig. 9(b)= (a8 FHd Aoz
W) FHANRE ZAY Koz WA o3 A &
go] BWHAS L & 4 Ao} Fig 9(a)= Fig. 82 MoSip
BAY 7EE FLNM FHo2 G @Holn Fig 9
(b)e Fig. 9(a)d) YRE Y Zeolth Fig 99 (a)
Zo) FZo] 7% B Ax AN FHo] sz
A AT g we} FAEE WA 93 @Ay
&9 7tFEol FAEH AT FWAN HFdo 24
g 23] o A WA APH gEo] 1

Fig. 4 Optical microscope images of monolithic MoSi; materials
sintered at different temperatures. (a) 1623K, (b) 1773K

0 473K

Fig, 5 Optical microscope images of Nb sheet after tempered at
different temperatures. (a) 1473K, (b) 1623K

1500

1400 |-

1300 -

1200

MicroVickers hardness, Hv

1100 |

1000

NbsSis

MoSiz (Nb, Me)Si2

Interfacial Reaction Layer

Fig. 7 Micro Vickers hardness of interfacial reaction layers in
Nb/MoSi; laminate composites fabricated at 1773K under
30MPa and 3.6ks.
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vaea  8pex

(a) (b
Fig. 9 Cross-Section of FD-Drilled Hole (SEM by (2) X 60 and
(b) X 300)

ol iRz 3t ZHopy HFd) 93] WA APs
A7 WEolgn AZEe], 0 AALL 562° Qot. Fig. 9
()= (@)F 3008 i Aoz A4 o8 &§H 25
o d¥7t B9l AEE AL B F U} o) F& 7]
AA Ado)l RART Ho)AE=R lappingo)}t polishing
o o5 AAsE Aol FL& Aoz Agdrh

332 BANFEE] 9%

Fig. 10 & Cuxa¥ 5 o= M=Fo2 ED-drilling 7}
T MoSi;, FEHUAFEA EFAEY 7MEFESE(mm/
min}& veld Zolth 71EEEE MoSi, -NbSi, , MoSis-
SiC, MoSi-ZrO;, MoSi;, Nb/MoSir-Zr0, £o.2 e}
o} MoSi,-NbSi, &} 7}F&4& %7} #E AL MoSi-NbSipu) of
o0& Agel v §8H(1382T)0) ¥ Sivl Ho| TF
HA7) 7o Jepd daz AzEg.

Fig. 11 & 53] WH371g F9 d3F L& Yehd Aol
A BAG nge] oJst Zdo|l AAAA mREPoH
5ol o] A3lA vlrd AL TP =g gloj
TEAEY FRALE B AF B BAN 2nT7} F=2
ey W Rolgta AZEd

4.4 B

Nb# 3 MoSi®2& =31, AZLEE HvE =23}

n
«

ny
o

—

[ TG I = N

machining
speed(mm/min)

MOSi2 MOSi2- MOSi2-

SiC 2102

MOSi2- Nb/MO

NbSi2 Si2-
. 2102
composite

Fig. 10 Machining Speed of Composites

FARY SOBLm

Fig. 11 Tubular Electrode after ED-Drilling
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o AF I2TYHAYPo 2 HFZEFARE AR 22
9 , vtolAZ WAL ATE HrEHo =
8, MoSir>-ZrO,, MoSi»-SiC, MoSi»NbSi, BgA5E 1.&
Ty 2oz 2xse ED-drilling 71EAHS AAEH T
o] Ao d& e Uy Zoh

(1) Nb/MoSLAZEFARY 2245 AT 4y
FANZAN ARLEIF A5 me} 7t
2 1773K, 7+4¥ 30MPa, 7}tR-AA)2HE 3.6ks 9]
AzzA4A M%) £224Y9=E Yehl ok

(2) Nb/MoSi; HZFEFARY AUFIoNAE NbZe
2 33lE Most Sie] dadl 98] (Nb, Mo)Six it
7 NbsSipido]l A7l A& Edth %, JSHFEA
829 Azex A @ AVNSZIES A A
Z3Aqt. -g39] 4Fe Mokt e NbZo=
FAE = Sie o AuiAtin AT 4 g

(3) Nb/MoSi,HZEFARY ARSE s 3,
MoSi 9] AE® Z718tA|T, Nb#e] AxE A9
TLE A=HVIS0)E bl E, AWHRES
o] AxE FAdxACNAM AFEH MoSi; Hof Hl&)
¥il, Nb#t ¥Zol NbsSizite] ZA=7} (Nb, Mo)Si
AEt 24 €S dsi

@) ABH gArtgoers FHsbEo) E/5sd WAt
A MoSih,E&AZE SIC, ZrO.sF Z-& 7Zsialo 1]
8l 4] NbSi;2] ED-Drilling 7}8 457 2713t A
& st
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