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5000 T T T / =T 7 1500 T 7 T
aso0 |- / /
4000 [~ Fe-B base bulk glass n 3 Fe-B base bulk glass W/
& 3500 - / 1 Ginl / ]
= 2000 - /M Fo-P base bulk glass 'g /m
E"zggo = = '5 / Fe-P base bulk glass
2] , Ti-based bulk glass 5 ).’['i-hasedbulkglass
% 2000 |~ A 35
P ‘Zr—bﬂsbﬂ bulk glass _—~"1 2 s00 i Zr-bzsed bulk glass -
T 1500 Pd-besed bulk glass __— g & S0 Pd-based bulk glass ~_ —
5 / xTi allny/.* Stainless steel K Tialloy 3 Stainless sieel]
B 1000 = o Mo based bulk fass = [ g Mi-based bulk glass <
s00 - / La-bz’sid bulkglass . Super high- | La-b;ufi glaﬁmn 3 ruluu égthaél'
PE 7 e o —(%t%w?g[r%% I.-;ucn_gt.h steel /. _Oftg alloy (17075-16) | ng
OD 100 200 oo 00 100 200 200
Young's Modulus (GPa) Young's Modulus (GPa)
38 2, H3 d|yAEgFol thiet of vs. E & Hv vs. E 9 A
e [ (o -.l‘ L
Precrack \ Ovarload
r———
a
8 3. ZrssAl1oNisCuso H3 H|7g§8" Ch F2/9f
oM MAtEHO[E ARz
Fa9 7IAH EAL g Faed. 19 2& e o, Z7r-A4 %2 Ti-A
g da wAZd Fael dis EE, S AE H2 #%s ¢
Young's Modulus)¥ 133G 3% (of) 2 Hl o]
A2 BEMHV)EY #AE HolFa 9lon, A | W&o A4S xgtstal
wE Sd 9P A4A Gl U HelHE (load)] 22 4 9= A
A BolFa Ao vBAGTAN G50l F i H3 AAgddEe 93904
7hste] wel gnadE 9 HjoAs AR (Kc, fracture toughness)s A3 Ayw o
grol F7tste A nlow, 444 e FH Yok ze-A W3 mAA FFel o
gl s o AAsAd e Aert w3 9E 3 Ke # A% 43 Fa 240 wet oF
&g ve A% WA Zhang'®? 5& Zr- 7ol Aol= AT oF 70MPavm A=Y #=
A da v Ed g8 w34 E(bending Holow, a9 3o g9 Hd(crack tip) oA
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of S HoFa 9tk I¥ 3o mEY formation)oll 7}7H-9-9 webx Adg LLE(F
43t (brittle fracture) A& #ZE 4 ¢l AR Ty Ty Atole] #dzh N e
Rom, o]z HE WA HAA Fa 24T S8) A & A Yol ks A
A(plastic defor-mability)e] $8S A ztkst o=z 7gEz 9o old I we ATt
T ok ol Ke #& 7 3mmgl AlHE o A3 Qa4 o)) g E4L o] galol
23 é—xg,sw g, H& 7] ZA3 Kc 248 MEMS #&%& A4¥shy] 3 d4=
grol W WME A (Ki) gkl sfdsrta o]} 120!
= & 5 AN, A adstd Al-A 244§
F(24-36MPavm) Btk ¥ 449 Ti-A 44 3. ¥3 HAAYdT Ax /& 5
A = (54-98MPavm) 3 frAMSH ghs zheTh,
A Zr-A H3 vAAEHE Wi Yy 2A H3 WAATFS AA 5 L(solidification)
A2 (nanocry- stalline particles)E A 71 1233133151 & 7)) (consolidation)® 177100 e) 27}
B AA4d g 4 v Wgtd w3 A e el AT gl
A ol AA FAH me APl A AR AT E +2 % o]-g3fo] M
ol FEEGom oo dig AU ZAE A2AE Azxste WHOEA FAFA(shock
Aale ARt o AL 39 A AlA consolidation), %% 3 (explosive forming),
S AR 4 e HWa uAAgFo] ey %A (sintering), EU4E 2 Sd(hot
I A ZEo]o} st} extru- sion and hot rolling) 5¢ HHo] o]
St B Agdg=] A9 ARA Fael EA of &gt AFAYe Bagta FHA
e AA YA 2 FEol gla AA HA SAHRE Mo RN ol YA AAE uwet
7 #dd EAS UEdr] w59 F AL A Aol A dyA FF7 oyt
AEARS zhe AL ov] & A glvh g o, ol FE AUAZE A EHed W As
H QA o] WEe A4 (plastic defor- oo IAToEN Ha vALddES A
mation)°]2}7] HUE HAWE(viscous de- Abetes ot ol AAHH 5T YA
Ho: roll
Sheath Powder
= (===
Seal Heal
—— — (-T-"_-T-g; —
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UyHze dAaAgs F8 vAdGdHE AT
F ALE FEI] w27 Yz ojof g}, o]
WHS T nAAgE 2y 2 99% 7t
A9 FAUEE zte= HT v AASGES A%
d g Ao RS JAY EAS 48
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% S
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casting), ot=&3(arc melting), LWF &3
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1,43 H8E &2 ¢ gaE Az A gdEdx
H3 v YEE gt= HEAT H3 v|ZE o= dhxdr

A. Nonferrous metal base B. Ferrous group metal base

Mg-Ln-M 1988 Fe-(Al,Ga)-(P,C,B,Si,Ge) 1995

Ln-Al-TM, Ln-Ga-TM 1989 Fe-(Nb,Mo)-(Al,Ga)-(P,B,Si) 1995

Zr-Al-TM 1990 Co-(Al,Ga)-(P,B,Si) 1996

Zr-Ti-Al-TM 1990 Fe-(Zr,Hf Nb)-B 1996

Ti-Zr-TM 1993 Co-Fe-(Zr,Hf Nb)-B 1996

Zr-Ti-TM-Be 1993 Ni-(Zr,Hf Nb)-(Cr,Mo)-B 1996

Zr-(Nb,Pd)-Al-TM 1995 Fe-Co-Ln-B 1998

Pd-Cu-Ni-P 1996 Fe-(Nb,Cr,Mo)-(P,C,B) 1999

Pd-Ni-Fe-P 1996 Ni-(Nb,Cr,Mo)-(P,B) 1999

Pd-Cu-B-Sn 1997

Ti-Ni-Cu-5Sn 1998

*Ln=Lanthanide metal *M=Ni, Cu or Zn *TM=VI-VII & Ho|g%
2 493 "8l AU FH(tna) ¥ AHAHAZLSE(R)
gt AMAH tmax(mm) Rc(K/sec)

Ln-Al-(Cu,Ni) =10 =200
Mg-Al-(Cu,Ni) =10 =200
Zr-Al-(Cu,Ni) =30 1-10
Zr=Ti-Al-(Cu,Ni) =30 1-5
Zr=-Ti-(Cu,Ni)-Be =30 1-5
Fe-(Al,Ga)-(P,C,B,Si) =3 =400
Pd-Cu-Ni-P =75 0.1
Fe-(Co,Ni)-(Zr,Hf Nb)-B =6 =200
Ti-Ni-Cu-Sn = =200
A4 Tomm x Zel 80mm AEI%. ARAA 4 43 MAATRY $8 L AT 9
DA tmatto]l AAYAH AR &EA
= Fdighr)dle ob Fwekxl FARE #A HA AT TS FEEAE o3 &
sl o) Ax¥ 50m B9 gito ojuf B FelEnt AzxHUY] wEd] ¥3
boRwel mgnu M 48 2sloW 2 Auzel $82 A gtk AT A2 2
A FE AT B U% 342 5 9e % A A% WA wPIRT Ax0%
Aotk & Re @2 tmax w2 EAS BHO s e S os) HadHE Az
A=, Re #ol #HAZFE tha @0l F7He T o AEE HA34 e TR 8 1A
o Inoue §& Pd-A FFAA SuA AFFY 4L dow A4 FE Aol
B20; fluxE F#Fo2M Re #& 1.58 K/sel A WA ES AR TR, AEA
A 0.1 Kfs M gaARen o $1 873 &, $BAE, AANE, 4§ AR, A¥E
o] M3E T3 twng HS SVHAE F S £F 24 9 AFAR 5 g FopllA o
& A g AYoly A= &8d 4 dom x 3¢ H
80 Bl HF) 144 33 (2002, #)
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3. 43 HdEe=el 7|2HMel EN 3 387ts 2of

7N 54 = = = 0
High Strength Machinery structural materials
High Hardness Cutting materials
High Fracture Toughness Die materials
High Impact Fracture Energy Tool materials
High Fatigue Strength Composite materials
High Elastic Energy Sporting goods materials
High Corrosion Resistance Corrosion resistance materials
High Wear Resistance Writing appliance materials
High Viscous Flowability Bonding materials
High Reflection Ratio Optical precision materials
Good Soft Magnetism Soft magnetic materials
High Frequency Permeability High magnetostrictive materials
High Magnetostriction Ornamental materials
Effecient Electrode(Chlorine gas) Electrode materials
High Hydrogen Storage Hydrogen storage materials

Dead weight
Displacement ﬂ
meter Punch Load &
stroke
control box
Punch
pecimen

FID
Temperature
control box
Temperature ‘Thermocouple
e | Moomper [ —
a3 10. olM =4&M N¥ x| 42z Si 28(a, b), £
La-A 3 H|HZA
ool Be Zehry BgARe) FelrAz  ARIE 2E vholar Fr uw 244
S&35t7] fek =Eo] AT 75 AT § dn. dEE HH A 5
43 AT 2ALETY vAxAS e Zte zvAd ZAY AVE ZE
Aloisl7] $1¢h A& A A (precursor material) 2 Fe-Nd-B & Alzxd 99 7]%0] &85 ut
A AHE $E Aok $ULET AN gop
AR #AY B FFo] & FAHUER X w3 B AgAGF S VA% EAY o
a9 4 9on o3 EAE o83t dnt Eol mo]a R qtReAY Ao A (ho-
A 34oze 98 F e 449 27 4 mogeneity) ¥ 573 AP (formability) &
& B} #1147 33 (2002, B
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S o] &3te] MEMS(MicroElectro-Mechanical

System) & "A AA7] FEE 2R 83}
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