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ABSTRACT ZrC reinforced Zrg; Ti;4Cujz 5NijoBesz s bulk amorphous matrix composites have been
produced by reaction between added TiC and Zr in molten Zr-Ti—-Cu-Ni-Be glass—forming allay and by
copper mold casting method. The results of optical microscopy, X-ray diffraction, differential scanning
calorimetry and scanning electron microscopy show that the reaction-induced crystalline ZrC particles
with small size uniformly distribute in amorphous matrix. Compared with pure bulk amorphous alloy,
the compressive strength and elongation of the composite are significantly improved. The mechanisms
of in situ ZrC particles synthesis and strengthening are discussed.

KEY WORDS Zr matrix amorphous composite, in situ synthesis, ZrC particle, mechanical prop-

erties

20 42 90 FRRIK, AFTMBRIERBSEHFER
BB TRBEHER. Ed8SNa®Rit, RESYETE
FEEBTHFZRAARBFHFWERRIOIRIERSE
27 12 Hg g REREETUERENR (I
Zryy 2Ti138Cu25NijoBezo s IERMIVERSHEE R,

* EFESEMPIRLBAL G2000067201 MEK S RHEESE
5 EMEMAnATIRE 50274277 FHIRE
WP ER © 2002-07-05, WRIBESHEHY - 2002-10-23
fekms : Rbw, B, 1959 44, BB, Wtx

AUNF 1.0 K/s) T AR R AOYURIER, mBmes
BREE (24 2.0 GPa) FBHARR (4 2%), £V HE A &4
T () BARROERES, FREER Y
btk EEMAESASETFEN ARGET (Nemi
o) WY S RILENE. HNEEA—EES A8
HEERASE e eRBEx FEMEeE BT, wR
HBRALBLRBRS, BEFRm SiC, TiC f1 WC
SER B TR E A H & B g
HEEREGEARHESHISARBENREETES
HEREAEY. (EXSFRRREIMMAL, BESENS
Y R AR IS, SR P LA B B T LA 45X 6 A R



556 & B ¥ #

39%

4. Inoue %5 [ & Wang %5 B RAZT BRI A,
T ZrC BROMREERA SR, A SCRE—RRIE
B ZrC Wbt BdE SR SR s, BLE L e
EREEFMA TiC kK, FHASEHPY Zr FF5
ZRERMERRNAER ZrC BRIFERIEREEK, N
m#&d TIRA ZrC Frias ZIERE SR, R
THAMHNIERIEREES. RBEERNEERE, i
WT ZrC BRLEAL A AR B b I,
1 XBAE

4{%&525} (RFa%, %) A: Zrar42Tire—yCuizs-
NijoBezos. =,y AR NEMA TiC R ZrC, Zr, Ti
TREOHMBRETF4E) RARAREMN (4EF >99.8%),
1 Ti AR E SR &R4 T HIEg BRI HEE.
HERSERAHS, MEHFRU b &HTHERR
St 5—10 pm, SiEEN 98% B TiC ¥. ¥—EEE
# TiC MRERERY 5—10 mm KEER, 588E
—RBERERIRFPESEFREBS A BRENE S
BMEeE RAGEHRKZESSEASRN B PE
1t (BZEN 1x1073Pa), #b/E H Ar SBGETIEZN
4 mm FFBER, WEE NN 2x10° MPa. FlHYEE
BB 210, HARBRITRET ZrC &
LB ERS ¥ (V). B RIGAKU/max-rA X
S (XRD)(CuK,) #HATHE SAPREHET, X
BREREASMEMBRAETRE, RUEBREMRBEES
*H Perkin—ElmerDSC-7 #r#7{{FFT48r. Frf#Hi
SHRIERSIN Ar SEP THTH, BEROEE—MBN
20—30 mg. DSC WiRFLma: In M Zn trE, BAEWN
Big#EN £0.1 K, {ENEREN £0.04 m]. EHETE
7= UH-F1000 KNC BiREH E#1T. KA RS LHE,
HATER Y 4 mmx 8mm, WASEEY 8 x10~4 s~ L,
A JEOLJSM6301 i (SEM) MBS HiRBEESE
JERSNETE R A,

2 LIREER

2.1 XRD B4

& 1 %Em TiC & (RE&4% %, TH) X 6,
12 {1 &&M Zry Tiy4Cuiz sNiygBeoz s S FTIAAE
8 X STESTE. vER, B TiC 4 &MHBRNER
AU BIESFRER K R L nE R afraig. R
BNE, BES ZrC MKMFHEEFF, FHEEE TiC
AR, VERIREE B INED ZrC R RIEMM. 75
X SRS ENE N, A ZRAR ERSHENTIE
8 TiC BRIA B &E&PRAERT ZrC HFEBE
FHEREE BRMTERSA, DEFEMEN TiC ke
EH/ ZrC R ERSBAS 5N 11% 1 15%.
2.2 RAHEA

&l 2 % ZrC (RAECN 15% ME SR B4

Intensity, a.u.

20 30 40 50 60 70 80
20, deg

B 1 ZryTigCuizsNijoBeoz.s EHEBXE SR X &
LR ,
Fig.1 XRD pattern for Zrg;Tiz4Cuj2,5NijpBes2. 5 bulk
metallic glass and the composite (sharp peaks be-
ing from ZrC crystal phase)
1-Zr41 Ti14Cu12 sNijgBe22.5
2-containing 11%ZrC (volume fraction) formed by
addition of 6%TiC (mass fraction)
3—containing 15%ZrC (volume fraction) formed by
addition 12%TiC (mass fraction)
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Fig.2 Optical micrograph of the composite containing

15%ZrC, showing ZrC particles homogeneously
distributed in Zr base amorphous matrix
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Fig.3 DSC traces for Zrg1Ti14Cuja.sNijgBez2.5 bulk
metallic glass (curve 1) and the composite con-
taining 15%ZrC (curve 2)
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Fig.4 Stress—strain curves of compression test for
Zrg1Ti1qCup2.5NijpBega,s bulk metallic glass
(curve 1) and its composites containing 8%ZrC
(curve 2), 15%ZrC (curve 3) and 23%ZrC (curve
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Fig.5 Fracture strength and elastic modulus of the com-

posites as a function of the volume fraction (Vf)lof
ZrC
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Fig.6 Compressed fractographs of the samples containing different contents of ZrC
(a) pure metallic glass, vein-like morphology (b) 8%ZrC, finer vein-like and some of droplets
(c) 15%ZrC, vein-like and more droplets (d) 23%Zr C, brittle fracture surface similar to crystal
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Fig.7 Morphology of a crack on the fracture surface of
the composite containing 23% ZrC
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Fig.8 Multiple shear bands of fracture side surface of the

composite containing 15%ZrC
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