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Cu IR E X CusZrpAl,:Gds & IFREREEN S
TR B 52 M

WEE, AER, HEK, BHUK, HAH, AaRE, HMifE
(ARINKRE MRS REJES:BE, )M 510006)

B O RJUHEIREERI & EAAN 3 mm 1) CusZrpAl,Gds BARAE S &40 BFFT Cu SRR X% A 4 AR B
fed). MR A AR . g5 R SR AE R Cu Mok, 2051 BL 25%F0 50% 1 b #44R At 5 %
m Culkba, JrrlHl& BN 3 mm ARG S SRR OISR 75%aE mi, &4 S5 4R AH;
BRRACLLAFI O 25%I, A &I L AR IR 669 K, diALIRE Y 749 K, A MRAHIX g 80 K; 45 AC LU
50%HET, G4 BEEEAGER R 684 K, KRR 751 K, EATRAHIX b 67 K PR ARLLATI (25%F1 50%) 14
&2 573 KRR 1 h #U0E S, TR RRFIERSE; BB 25% I, 484 673 f1 773 K #ubH )G, &
S I SR B AT I IS AR R, ORI R AR S BRI 50%I, & 673 K B S, A4
T AN S R B A T 3L LIS AR, WA TR, M2 773 K KRB, A CAIREU A T a
FEARI AR AT BN/ A A PIARIR A R A X S A B, A R P 2 1

KEBIF: CuyeZrypAl,Gds &4 BRdEd, Mt Bubre, SR, SRaE, aiEsgy
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Effect of copper billet purity on glass forming ability and
microhardness of CugsZr,,AlGds alloy

XIE Zhi-wei, HU Mei-xian, CHEN Guo-dong, YANG Yuan-zheng, CHEN Xian-zhao, BAI Xiao-jun, SU Jia-jia

(Faculty of Material and Energy, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: A bulk amorphous CuysZr4,Al;Gds alloy with a diameter of 3 mm was prepared by copper mould sucking cast.
The effect of copper billet purity on the glass forming ability, thermal stability and microhardness of the alloy was studied.
The bulk amorphous CuysZr4yAl;Gds alloy with a diameter of 3 mm can be prepared using copper billet with lower purity
to replace copper billet with higher purity in the proportion of 25% and 50%, while the alloy shows the characteristic of
crystalline in the proportion of 75% or above. When the copper billet with higher purity is replaced with lower purity
billet in the proportion of 25%, the glass transition temperature is about 669 K, the crystallization temperature is about
749 K and the supercooled region is about 80 K. When the copper billet with higher purity is replaced with lower purity
billet in the proportion of 50%, the glass transition temperature is 684 K, crystallization temperature is 751 K and
supercooled region is 67 K. The alloys all keep amorphous structure after heat treatment at 573 K for 1 h. The alloys in
25% proportion crystallize after heat treatment at 673 and 773 K for 1 h, which consist of substrate and second fine phase
and have higher microhardness. The alloys in 50% proportion also consist of substrate and second fine phase, and have
higher microhardness after heat treatment at 673 K for 1 h. There are two kinds of microstructures after heat treatment at
773 K for 1 h, white area consists of substrate and second fine phase, and grey area consists of white phase and grey
phase. The microhardness increases sharply.
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Cu-Zr Z2& HATIES BB ) sl 1) — oo f 4
CuyZr100-(X=25%~75%) — 05 4 HLA B AR S E5 F N
B AAR, NG @R i — PR E A M
ST RRE ST RIPEREN L B, RN 7%A1 TR
220 5 mm MHAERAENRS, 4 Zr B EAE 43%~45% 2 |7
A, A BHIX (AT H 55.9 K 48 53.1 KL,
CusZrssAly E5H A 4 W L1 TEM 43 B 45 R R W, T8
FERAK I, BRI R B35 A K i
AT, 24 AL SRR A 8%, JEREA/NT 5 mm
BARAE S, ATx A 50 KU Al S BT A 142
1 A A S BRE s AN [ VA S0 P8 A [ M TR A
ph 2 A T AR T AR A X P X (AR A 5 A A
B Y DTS 2 ] S PO P P 7 € L T P |
DX P Az vy, o 9 I R AIGY  o A Kh R
TEE AR I TR K, B 4 FBH 52 5 T I R I a3
M1 AL Frieh 10%I0, Bkl il & & 1A R
FIPIPE . LR IR KK CuseZrgsAls 742 H
AEASHE IR G ESGHEZ, 75 1 mol/L HCI,
3%NaCl M1 2 mol/L HySO, M T HAT I T 58 ki s
AI5E 4 A A wbED, gesh, EaTfE Cu-zr —
TR Cu-Zr-Al =JC R MEERE F, 750 Y PNl
Ag F1 Bel'"M DL A & PERE -

WA uF R AR Ao NG 4. 18
WFFCIT, R Re FH v 00 58 17 SRk LA TR B sl /N 2 T 1)
SO AR DMV AGAE = IS BRI AT, Ay R I 4l
TR E 1 J5URE, I 75 B JE 2R s, H H T
T A IR 7 T (AR TR TE AR 2D o AU W R
g FR 4T, 30 Gd 38 AR L ) Cu
A Zr, PR PEIE A N AR A IR AR
SFAVEAE 3 mm 5B EHAA 8 mm, WA CES LIk &
SRR, WERARRZERE Cu R4k K iR
77 % S A FEE ()5

KHAEN 99.8%Zr. 99.5%Al. 99.5%Gd Fl 2
FHARIZERE R Cu HRHICH & 42, TP 145 Cu IRREY

R1 2P CulBRILE RS
Table 1 Compositions of two kinds of copper billet

2EEURE, 2 5 Cu R NEE L HArAE 1) Cu
JsokE, PR Cu HOBHIAE o in sk 1 gl E WK-
AR A FE RS . GRS &4, 15
VRGeS AR B DL AR, ST R
R 4 ARG SR B o 45 M. RIHT A 47
FEX B IR KV BRI, H AR 3 mm )
A PR A

K HA D/MaxIIA 7 X 52 AT S M Bk
FERIE5HE, LI A5 AR S A4, MRS Cu K,
R, FEE 20°~80°, FHEEE 0.05 A1 0.1 (°)/s.
KL [ SDT2960 BHHE 43411, 7E DSC-TGA Hixk
T IERIARE ) HE DSC ik, FHEIEAE Y 20 K/mine
4 XRD H1 DSC 404 R, IERE RA RS S5 1)
IRFEHEAT R, 23 9I7E 573 673 F1 773 K MRk 1
h, RETAEER. R R X AT TR
FERI S5 AR A o FXFERT SO J5 78 MVK-H3 B 441
SOOI PR S AR S T R Y S, SR
2 N AT, PREFEATINTR N 10 s, HUS 573 (E. H
FeCly #h IR /K FHH0R MR, AR5 MVK-H3 B4 A1
S T B L.

2 HRSSH

2.1 Cu IERIEEE I CuyZrpAl,Gds & & IER LR AE

R m

KGR R 15 Cu WRHEURHR, AT 4%
FAE0 8 mm ] CuseZryp Al,Gds YRR it & 42 180FF, 78
BEIERE b, 20 HIRL 25%. 50%- 75%F1 100% K854 L
%, FALERARN 2 5 Cu IEHMEE 1 5 Cu K, W
AR 3 mm KRR, H XRD W&l 1 R

HE 1A, AR 25% 0, B4R 3 mm
ARFE A 58 4 AR TR, XRD % EACH B MY T4
38.2°Ab & SKIE(ILIE 1(a)), K 2 %5 Cu HBHELGIER
F) 50%H, FEAEHK 3 mm FRRFERSR R 58 AR S A,
XRD ¥ EAARA BT 38.2°Ab 18 Sk, {H B
AR IMOLE 1(b)). 242 5 Cu HORIHLBIHE =3 75%
1 100%I, TRFE I8 5 58 4 dh A, W 1(e)F 1(d)Fir.

Mass fraction/%

Cu billet No.
Fe Sn P As Ni Bi (6] Cu
1 0.000 5 <<0.000 3 <0.005 <0.001 2 <<0.000 3 <<0.000 3 0.001 1 Bal.
2 0.002 4 <0.001 2 0.008 0.000 9 0.000 3 <<0.000 3 0.001 1 Bal.
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Fig.1 XRD patterns of CuysZryAl;Gds alloy with different

proportions of lower purity Cu billet

5 1(e) (CuyoZry FAFTH AT B R B B LR T 41, W
FRSHIKRLGTREALH K, BN 3 AMiThH
W5 CuyoZr, FAFI(004) (712)F1(426) 751532 .
UL AT, 2 SRR AR LA KT 50% 0,
AR EA N 3 mm M5E S AEmAE S, 2 S
IBHEAR T CugeZrypAl,Gds &4 AR RAE ) o

22 Cu IERIEE X CugZr,Al,Gds IEREERIEE
4 B9 22 M
BRI 25%F0 50%HT, AFER) DSC &k
2 [, Ik DSC i e il 15 ) 350 1 e A U 1 A5 4

L T 25%

50%

650 6',:'5 ?{.}0 72|5 ?50 TII"S 800
Temperature/K
2 UAFILEHHRAERE Cu BEHE CugeZryp Al,Gds 7 8211
DSC ik
Fig.2 DSC curves of CuyZrypAl,Gds alloy with different
proportions of lower purity Cu billet

J1tERdE R 2 Brdl. BRI A, 50% R
BIRRFE AR Ty MR T AL
B T #4EE 25% AR LA 1), AELIE A RAHIX AT HT T
25%M/N e T, 25% AR LU IR R AR Sh B B RE )
TELf, AR RS PEZE A K.

% 2 OAFILHIRALRE Cu SEHE CugeZrpAl,Gds 154821
Ter Txs Tp HIATx

Table 2 Tg, Tx, TP %uATX of Cu462r42Al7Gd5 alloy with
different proportions of lower purity Cu billet

Sample T/K Tx/K Tp/K ATx/K
25% 669 749 756 80
50% 684 751 758 67

3 R 4 TR 53 508 25%F0 50% 824 B A3 13
FEZ: 573 K(a)~ 673 K(b)F1 773 K(c){#ii 1 h J5 1 XRD
B TR, B AT 100%IRFE ) XRD B (L
Kl 3(d)F 4(d)). HERTIL, ToiRad 25%i8 2 50% X
e AR RE, 203t 573 K R 673 K 4235 1 h Bk B,
BRI A ELZ (WL 3(a)F1 3(b), K 4(a)Fll 4(b)),
2 773 K b s, BRI Ak, oA T 38.2°
B3 PR AT S DR PR U 8 kS, A FE P I LR B 22 AT
U, IXLEHTHIES 100%IRFE IATENIEIEAAT IR, AT
W, 28773 K #Ab 35 IR AR 555 5 2 193
WP ASAH A . Ak, LRI 5 Bronii 2 ANRAE
28773 K KBRS 9 XRD BT %0, WA FEAAH [,
HIETEA XA, 25%FARLBIAFE 40.9° 06 42.4°
W Y S B Ak, BRI (EASTIXLEE XRD % IFANGE
T 3K LA 1) 548 S FLA A ™y, I R —

L
WWJMWWM i

fwlww (d) 100%, no heat treatment
R R

(€) 25%, T3 K

M (b) 25% 6%1\}( . M |
- lﬂ‘ll“ﬂw \ i“mmmw
IM , (a) 25%,;'73& . . l
20 30 40 50 60 70 80
260/(°)

3 25% AR L IR e 22 AN [RINR B AL B S 1) XRD 1%
Fig.3 XRD patterns of sample with 25% of lower purity Cu

billet after heat treatment at different temperatures
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(b)50%, 673K
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20/(°)
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Fig.4 XRD patterns of sample with 50% of lower purity Cu

billet after heat treatment at different temperatures

25%., 773K

b
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ALFEJE ) XRD %

Fig.5 XRD patterns of CuysZryAl;Gds alloy after heat

treatment at 773 K with different proportions of lower purity

Cu billet

2.3 HALIEXF CuuZrpAl,Gds RIFIERE S EME

ARl uE=A )

25% FACHLBI AL 573 K AR 1 h B )5,
PRARFFAE S A ZUHHELE 6(a)). HE 6(a)n]
WL, SWAEE T BRI R LA, A A SR
fE; it 673 KRR 1 h 5, A8V, hat
FEARRN AT T I B EE ZAHRIFLBRALEL, 26 —AH(K ()
I N IRSFZ R 1~2 pm, />, A DUAE XRD i
IR AT, FLBRCR ) KL 2~5 um(L
Kl 6(b); & 773 K Rl 1 h 5, 38 AR AR 2,
JOTAHIE R, FLER AR D (LB 6(c)), B T il
{10 JB8 e 3 ) PR AL TR ST 5 i S A SURP AR A
50% AR LLHIAFF IS DR S 2%, 4 573 K R 1 h

o, WARFRAE A A ZURAE, AR L R (W 18
7(a)); 4673 KR 1 hJ5, HIUACER @A IX
B, KEXIRZ, AT R, PR SRR
KA Ak B oA a5 ARk, U X
b AT AR o PR X3P IR BT H AR RT3 L
25%M/MIZ (WK 7(b))s £ 773K 4 1h )5, (I
DR LI, FLp AT AR 2, (HAT AR ST
AN, IR 1 T ABGR SR 2, B
BT SR S (L 7(c))

24 Cu IERIEE X CusZr,AlGds IEREE BHE
EHsm
8 FI7RA 25%A1 50% 554 Q LU BIRRE 28 b B
1 h J5 0 S AR i it P A I A At 2k . i 8

B 6 25% AR L EIRFE G A [F) il B A A B (1 Yl Gl A 41
Fig.6 Microstructures of sample with 25% of lower purity Cu
billet after heat treatment at different temperatures: (a) 573 K;
(b) 673 K; (¢) 773 K
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7 50% AR EL U 28 AN [ B B Y R 412
Fig.7 Microstructures of sample with 50% of lower purity Cu
billet after heat treatment at different temperatures: (a) 573 K;
(b) 673 K; (c) 773K

AU, 7 293 KO IO A R 28 R B 1 S A
TERE(E, SEAMAEN 75%FERT 100%IRFFE () 5 i
53514 HVan514 FHV,N526. AT, ARZHuk
) 5 A A A AR AN 58 4 d A TURE 19 Sl folchet 35 X 31
ANK o PR (10 S8 ARt 55 249 i HA Ak 2 UL 2 1) e T
P, 16773 K WA B mfE . 25% 58 L flatie
S AR 2, 1T S0% AR L B AR 4
573 K F1 673 K A F 5 1) S AR 155 24 e A [ A b 2
AR 25%FARLHIAL, FURTE 773 K b BE)E, B
TR P 2R, 28 HV700, LE 25% [, X ]
BB AT T 21 S0% AR LL BIRAAE o Hh IR E# ARy 1)
TARAZY, R DX AR IR R HOHT H 28 A
ISR AEAE 40 N AR 206 O
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=
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ANTRT P55 AL TR 1) S5 A
Fig.8 Microhardness of CuysZryAl;Gds alloy with different
proportions of lower purity Cu billet after heat treatment at

different temperatures

31 XTFIERmMAAE

K 25 Cu EHRAUE 1 5 Cu BHE, &
ik CussZripAl, Gds & & ARSI REE )7 . IR 1 W] 40,
PP Cu HORHASE S AR, Bi S A 7 2000 LA
A 2 5 Cu B S HEZ 1 Fey Sny P, FIA
2 As AT Nie LLUF A 3 AT T3 BT IR Le 2% T 1)
YER o ESRMNR TR AL 0T, 4 B EITH Cu,
Zr. AL F1 Gd IR 542500008 0.128. 0.162, 0.143
F10.178 nm, 5 FZ%fic# Fes Sn. P As Fl Ni [1J5
T2HA4250 4 0.124. 0.141. 0.109. 0.125 F10.125 nm,
BEHITE S RFUTRE MR ZZ 0k 3
Hlo i 3UAI L, & Fe. As. Ni 5 Cu. Sn 5 Al
MR LI A, it &4 4 P eI
TVRAN ZERIIAE 10% LA F, BRIk, GXEe 4% i W A
FITHESR e . RS IR G, R 4 Hds
USIGf 40, P 5 Cus Zr. Al Gd B BARKIFIRS
e, As 5 Cu. Zr. Al Gd W EA ARG, NA
FFAES K, Fe 5 Zr. Al Gd, Sn 'y Zr. Gd,
Ni 5 Zr. Al. Gd BJRAFHRAH, RHEL BT
N HAT— 5 PR EVE - 2R1M0 A2 Inoue A 3 ML
B IX LR CH —E M EREER, MRS S
AR TCARREIE R k. MR AT B E R
ey, IRk MEIMITALIC b, TRV R . i
ARTIEINAL & G2 o) mid% 8)), BIG TR R )1 R AER
ks
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Table 3 Relative difference of atomic radius between

impurity element and alloying element!'™

Impurity Ar/%

element Cu Zr Al Gd
Fe 3.13 23.46 13.29 30.34
Sn 10.16 12.96 1.40 20.79
P 14.84 32.72 23.78 38.76
As 2.34 22.84 12.59 29.78
Ni 2.34 22.84 12.59 29.78

Ar:[(ralloy_rimpurity)/ralloy] X100%.

R4 PPUCEGEETCRIRA AN
Table 4 Mixing heat between impurity element and alloying

element!"®

Impurity AH/(kJ-mol ")

element Cu Zr Al Gd
Fe 13 =59 -11 -1
Sn 7 —43 4 =51
P -17 -127.5 -20.5 —113.5
As -3 -85 —6 —80
Ni 4 —49 -22 =31

3 fE 4 w40, P AN, M AEhE
—YIn R AR, HIRA VN, Bl Fe 55 Cus
Sn 5 Al. As 5 Cu. Ni 5 Cu, mJANXLEL G n]
ES RN 2 Ta A I, HEAE T R R/ e] a2 n 22 25
ki KFom. W40 0 BRI ECh X, o B
b A FOR G T0 R FE—IITH | BRI ECN X]
Horh BAR T RRAVOTE, WA IUE IS i 410
FEAR B R A SZBn VRIS, RV AR R 0 8 x| A

x4 =x kX (1)
i
e AN VW R SRS VI ]
X’Cﬁ = Xéu + kFe x Xll:e + I(As X XlAs + kNi X XII\Ii (2)
XX? = Xﬁl + I(Sn X Xén (3)

RIS A4 S RAITT Zey Gd IR 142 2250
AR RO, TIEINERT . SEBnAE IR L85 T ik
BEo AR, AFEACLEIGEF, Cu fl AL A RORE
ARG AN, 0 b P s, I I bn f5 B
PRAR K IY R RS R EAN A o

—BOA, B R AR R B R
FAM AR T B, AT HATH R 1A S 1

T30 RHAAEIE Cu EHEIE K CugeZinAlGds £ 46

=
P S
He

BAR ARG ST, B3t dh iz . R4
Bl 7o) 7(c), Wit a X EcE R I AR, K
DIRE LA, TTIAH 50%85 48 ELAFaURT: (1) & 3 BE
oA R . Nk, R 2 5 Cu IR AR mat
Cu i, Cu Ml Al AROREERI, Hesr nifi s ih s,
e B REE D TR, HBfE 2 5 Cu BRG]
MIMER, ARG RO, AU,

BN FEA AL,

32 HALIBHEEIL

AP LG A] B A i 25 3 it sR R FEAN ], 7
P FEFE A SR 1) 25% 548 ik
FERT RT3 mD, PR 23 16 5635 A
PG A o AEAR T AL (573 K) N HUb BRI = 2k
R TCI S BTSSR AT ETE, AR T
ARIRPE(673 A1 773 K) FACERRT, E=ZELUSE AH T
hE, BERACEE T, T ARG 2, S
JEBTE o 50% AR LLATIAE R e oy A0 25 4L ) A
R, PHTA R e 3t A Le . AR T AR
HPE(573 K) N AL LR 4170 9 B I 25% %48
BIRRFEN, AR B AR ks 4 673 K HUkb#E )5,
SRR I EFN AR, by B
SEIL AR S eI AR IWID 4 B AR, PR X S R
FOHT HH (9 38 AR A S B Ty 22 773 KRk
PGS, MBI S, A AR A X
BRLe@Isg R, AT AT 2, S n TR,
IKEX I, E KRR AR, TERCH K
1A ZH S e R R 5 AR RO IR 2 2 A
GNP TR APN 5 X7 I e sl T 4 - 3 |
DL, 2% ] 8 SO A 4 R A B 2 24 v L 8
i

4 £Hig

1) RA4ERARK 2 55 Cu okl PIAKT 50%
LB AR = 15 Cu #okbE, 58K nT LU
FHAEAN 3 mm MEAIEREN CukZrpAl,Gds &
4o

2) 425 Cu R EAR LI i 48 75%E0 0
I, G4 RITEA A,

3) 42 5 Cu IEHIEARELHI N 25%I5, & 811
B AR Ol 669 K, ShALIEIE N 749 K, 1AM
AHIXC A 80K 4L K2 50%0, &4 AL
ILPE Ok 684 K, f AL A 751 K, i A A 67 K.
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4) 25%F1 S0% AR LB 4:4 573 KRR 1 h
HAEHE, PR IRFFAES S R 2 5 Cu EMRCLL
By 25%H, £ 673 F1 773 K kb, ik KR
B AT B ARG, AR I B s

RELBI A 50%IF, 4 673 K #UAbBE G, &4 iRk &
AN TR E AT T H 5 AR, SR AT T

P, & 7713 KPUHE, &4 s HRE T
A FEAAR ) P DX R AN 7 R AH R 5 2
IR K IR B, b Al 8 i i v
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