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B B RFpifssEfEd ZrssAlioNisCuso 48054k, U W LR pHMBRHENARERE &
Bk RA X— SHRMSAT T BEMAAR, EARES (SEM) TUETREAEMESR, AHET
FEHFRT TROTHWHEA. EXBEBRBENE, FET W LAEERRAENERALE. E8E
B IR B AIETE], FTARI4& LK 65 mm E 4.3 mm gk W £H0%R Zrss AlioNisCuso 3F
SO A RDRL. 7E— T PO AR 8 A U R0 A P IR R AV 08 L 1R B SEE A 98 R ] BB B R AR Y BUR.
EBWHEN, WSERMULRGHTREEENIERERAES, RS FEER 5 H k.
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ABSTRACT The ZrssAl;oNisCuzg metallic—glass matrix composite with 6.5 cm in length and
4.3 mm in diameter have been produced by using the melt infiltration casting method. The samples
reinforced by continuous tungsten fibers were quenched after infiltration the reinforcement. The mi-
crostructure of the composite was analyzed by x-ray diffraction and scanning electron microscopy at
different conditions. The lower interface reaction and fully amorphous matrix can only be obtained by
a suitable infiltration temperature and time. The conditions were more rigorous compared to those of
making Zr-Ti-Ni-Cu-Be matrix composite due to the lower glass forming ability and higher melting
temperature of ZrssAl;0NisCusg alloy.
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WAERKIIEGE SR % KB TRKHHRE, Hb ZrssAloNisCuso BEERE L
HTARBIER R Tk 30 mm gy ks W MR ESBEA RN ¥ kee, BIREER
iX 1.8 GPa, ;& RH R B A AR R s S A T 2 . S 55 s A i 501, (EXfh & 488
HERAR, FRE T ERNA. E—RELT, ERNBIREER—SBULA 3TV TR, Xt
RE BRI SRR IS AN F S E 8 4 4 v ABH L By 1 B 3F
REZBYIRAER, EEIURIERE S [~ % ZrTiNiCuBel” fl ZrNbAINiCul®l 43
HEMHEERAE (NS, BRNL) SMEFRES, BETEZEEMHNERMERE. Inoue
& D012 T AR T A ZrC RSBALARE) ZrssAlioNisCuso IEGEEESHE. A CHIZL W
22 JHESRAE N Zrss AlyoNisCuso FEfEEEE G PR, BB & o 72 iR B A B (A %ot 37 1 J 7
MITREBHIE .

1 = &8 F &

RS EA R (P T 99.8%) 7E Ti USRI R AR 24 T F B3I B Zrss AlyoNis-
Cug 44 BEESMEEEN 3x10°~3.5x10°. LatiSkabFRYSEIe Fl W 22 B 42 250 um,
KEW 65 mm. ¥ W ZHGSEREAEE S (RIEREBSE W Z8 RIF4H), AEE
HEZER 1x107° Pa. #EAERSGERENERN 4.3 mm. RAFXPIMRAGTE,
T FRAY AT SR I B AT T INA A B, RIEE INAGEEE N 135020 K, i E T HA &R EILE
B 4405 SR NETZSCH DSC 404C {4 £8L) 20 K/min fUEEME X 1113 K. HE4EHK
TR PR TR EE 15 min, REHHIEEFEKE] 1200~1300 K MFIERE, FE&BHR TS
BAR W 2, BEERMEBKPIRER A BEESENREERE THEF NVIRA. KA
RIGAKU D/max-rA X- SERMTEHMY (Cu-K o) HEATRTHHMT, R B4 (JEOL JSM6301F)
SHT W 2R 43 AR B R RV AE 5L, R EPM-810Q B FREMHITR MBS 0. W
22092 SRR RO ET W 2B TE AR G B AR AR ERR B, SRR i A,
W 2 EFE 2 BCES AR RS (SEM) B9 R R T & A A X T FRR A 2

2 % R 5t #

2.1 ERBENRMm

FEBWIRE N 1200 K B R EEA ZAERS (B 1a), BHEES N 1250 K B, £ W 2
BB — KA NVE (B 1b), —EaaBio \ W 2%, 4B REEA SR 1300 K
B, BERNZEKERRE (B 1o, ilHEhm FEEF W ZHBREMAEK, X5EAPIERRD
FI IR B AR S A B DA 2.

REGHEKXFERGAANIERTHE (B 22), ERESHEA X- FLEFHEFRIX
FrIEIE (B 2b,c), W RIRTETIE (B 2d) B hn7E L. XPLEAZE 1200 K £-%F 20 min, W X}HESRITE
BIRAE ARG . YEREFERESREREER 5 pm ZZHM RNV Z, FHAEHE B R SH
ERAMEK (K 3a,b). B W IEBSNMEATH EIEFIEHE ZroCu . ZroNi fil ZrAl %G S AHAIE, X&
ma A AHAY B IR ARG, B TR, R BB PR B K & Bl 31.11% (atomic
fraction), B EA & ETIE 5.9%, EEALERRBTE N Zrso.26Als.85Nis.31Cus1.es Ws.g, FZE
WRES T ZrssAlioNisCus 945 SUS4r, MM EAERIESIERREREML. kT W SBHES
FZr, Al, Ni SEEBAREEES RN BN BERN, ERNEZFER TV BEE. HE
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1 BEHEY 20min BREERE W LHBR Zrss AloNisCuso JFRE S HORRH R MR

Fig.1 SEM micrograph of W wire/Zrs5Al;0NisCusp composites processed at infiltration tem-
Infiltration time 20 min; lighter regions

Intensity

B 2

Fig.2

perature 1200 K (a), 1250 K (b) and 1300 K (c),

are W wires, darker regions are matrix, gray regions are interfacial reaction layers

(a@)pure metallic glass
(b)W 20
(c)w30
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W 2358 Zrss AlioNisCuso JERE S
FORHEY X- SHRATH A

X-ray diffraction patterns of cross—
sectioned uniaxially reinforced bulk
metallic—glass composite (infiltration
temperature 1200 K, infiltration time
20 min) with different volume fractions
of tungsten fibers, for comparison, the
patterns of an unreinforced sample of

the matrix material and the tungsten

fibers are given here

Intensity
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261(°)
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38 Zrss Al1oNisCuso JEGEE S B X-
SR E

Fig.3 X-ray diffraction patterns of cross—

sectioned in W wire/Zrs55Al10NisCuso
composites reinforced uniaxially by
tungsten at infiltration temperature
of (a) 1250 K and (b) 1300 K, re-
spectively, at same infiltration time of

20 min
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Table 1 Composition (atomic fraction, %) analysis of the matrix and reaction layer for the com-

posite samples at different infiltration temperature

Infiltration Positions Zr Al Ni Cu w
temperature/K .
1200 matrix 54.86 9.67 5.22 30.03 0.22
1250 matrix 52.9 5.82 6.34 32.36 2.58
reaction layer 17.81 0.89 1.53 3.3 76.47
1300 matrix 50.26 5.85 6.31 31.68 5.9
reaction layer 30.41 1.52 1.72 3.81 62.54

4, ERMER W EBEKN Zr HEREKR. R 1G0T ARRE T ZEEM R LZER
T IREHF AT 4R
2.2 BREEIRm

B 5 %8, 58 lcfith, BAPEXRERKRAE, S 1(b) MFRML, ERM7EREE
FHABR N BERAR N AHREANEIR. X- STERMHESREN, FRITTHE R Wi
SMEFERERERIE. SRS RATESEEER 10 min i, BARKEBERTL2IER,
B W ZEERS BN EE HARN 2B ENE. FRERS W LR F IS 585, £
Prfiet W 2280k (B 6). 78 W ZFREE T 1 # S RERE, HEARKRARERIERE.

g " e M

B 4 W ZRHE ZrssAlioNisCuso FHESE 5 BHEER 1200 K, BFHE 30 min
PR BN T A AT 1 Bt W 22558 Zrss AlioNisCuso JEFRE
Fig.4 Scanning Auger microscopy line scans ShRE R E RN SEM B A
across the W/matrix interface in W Fig.5 SEM micrograph of metal matrix com-
wire/Zrss Al;oNisCuso composites, the posite processed at infiltration temper-
reaction layer formed at the interface ature 1200 K for 30 min

during processing when the matrix was

in the liquid state
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AT TR RS R R SR, MR E SR AL SRR 15 Zrss-
AloNisCuzo HEHBERER, 8 W Z5RKEKRVESEM, HEREEN 1200 K 5
| 1250 K 71 1300 K, W 22 55epk 7 [A] 4 7 1 S AR BRI, B U e, 2R S
SRR, RE W L34 5k 3680 K, W AHE7E 1200 K DA_E#HERE T HR#F 20 min,
BE 1200 K £R#F 20 min DL EAYRTE]. GRFER B FIREN R R EB R E, weTigs)
gedkREk, FEEATKYHE SR TR, ERERA —EEHBRENWHELT,
A A R BRI B e R P S SR S R K.

BT, &SHMAEINRGRE S SRATROE, HFRE - R/ Il XEERE
AT F AR P A RN @S MM 1. MRS &R, BERET W LE 4, &
- REE Bt S BB AR O DA RS A (B 7), LR I E . Lin

% M fE R — PRI RA& & R AR RSB R AR S RE S RIEH LR, HHIER
& ST P S LR B S R BB R R A, SR S 48 R A
RERIG BRI, XA RER . HEEZEN 1x107° Pa i, RAEERE
ARG, A E R, & AT R B AR AR (9.

6 W 2558 Zrss Al oNisCuso IESHE S 7 Zrs5Al10NisCuso 7E 1200 K 4£4% 20 min
PRI S R O B4R HEREXEHER, EEREE LomA

Fig.6 SEM micrograph of the tensile frac- BUMT (REID) ORI &SHE
ture surface of 40% W wire/ZrssAlio— Fig.7 Optical micrograph of bulk ZrssAljo-
NisCuzp composite, the sample con- NisCuso metallic glass (kept at 1200 K
tains variation in fiber length and ver- for 20 min) containing large amount of

tical delamination of fiber and matrix crystals resulting from heterogeneous
nucleation when without preheating

stage

BRI Zrss AlioNisCuso E A BB R B EMIRE BT Zrar2TiissCuizsNijgBegs s %
B o BB R, (BIE R 5 A SRR R RUN, XS54 W 24358 Zry; 2 Tijs sCujgs—
NioBezos IEFET GBI ERIBK. 7E Zrs1.2Tii3.8Cu125NioBesos &, Zr. Ti, Be
S5REARTERY, BRI Si0; B HFE NS4 Tl s g B sk e ik peR | 17,
TIFE Zrss AlyoNisCuso FHES A HIMEE K I TTEE .
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M 1 TEH, 7E 1200 K BIEHRSILEFREZEN, IF W HERIEEFRE. K
HHAHBHYEZE (A 1a), BEHETER (B 2). BREF S 1250K M 1300K &, fHik
TEEHW 2, HAT-ARNE, ERNEFRWHEERES, HATENSEAS, Zr iy
SRIVEMIMT —F, BT ZeW, &B ELawrma 19, R marEkA. FERMAR
THLER W 258 EHFE (8 6), BEER SRR, EENH LA REENE S
B3t B R AR E R BARS. SEREANESIE, MERLN 5.2 mm MEGAME, BR
W 22 SRR ENRAE K ERY, (BFE W ZHHrsins W 2592 E& RIS N N ZE &SHEEHR, |
RAEMB G TH ORI SREEM A 2R, WHAEZHAIMARR T EEWIES
FReE . XAfES W RHMa A% .

3 & 174

KEEREEKEET R &N W LR ZrssAlioNisCuso ERIRIERE S, EEZE
E—EMNE&ET, ZEMESLCBEUR W 25RERENRVEEFERRTEREENE
B FT RS '
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