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Glass Forming Ability, Thermal Stability and Microstructure
Characteristics of Zr-Cu-Fe-Al Alloy
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of Sciences; 2.School of Materials Science and Engineering, University of Science and Technology of China)
Abstract: The Zr-Cu-Fe-Al amorphous alloy was prepared by copper mold casting. The effects of the Al content
and atomic ratio of Cu to Fe on the glass forming ability (GFA), thermal stability and microstructure were inves-
tigated by X-ray diffractometer, differential thermal analyzer and high-resolution transmission electron microsco-
py. The results reveal that the GFA of both Zr;, (Cu,;Feos) . Al, and Zrg. (Cug;sFegs )45 Al, alloy are firstly in-
creased and then decreased with the increase of the Al content. For Zrs;, (Cu,_, Fe, ),; Alg alloy, the glass forming a-
bility is a better when the atomic of Cu to Fe is between 5 ¢ 5 and 8 ¢ 2. The y parameter and crystallization tem-
perature indicate that Zrs, (Cuy;Fe, ;)55 Alg alloy exhibits the excellent GFA and high thermal stability. Moreover,
the HRTEM result of Zr;, (CuysFeys )35 Alg alloy indicates that due to the positive enthalpy between Cu and Fe,
the alloy undergoes liquid-liquid phase separation during the rapid cooling, forming Cu-rich and Fe-rich liquid
phases and then liquid-glass transition occurs, resulting in phase separation nanocrystals in which glassy Fe-rich
nanoparticles with high number density are distributed on the glassy Cu-rich matrix.
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DL @ M AL & & T AR A 4R
FWAERIE AR J) . W G EAE RIS R
HEBR AR T A G . B IR TR S R % 5
SRR L IR AR A R A T RES . AR i AT R
B, 5 HE B 1 HE A LT Sy AT L AR & 6 62 9T BLA ik
Je B R[] ) 25 HE AR A ) . 76 Zr-CuFe-Al R &
AL PR ER A T Ze f Cu/Fe Z 0] AL B 0 AE
% TV J5 I 57 B0CAN (] 19 AT e 45 A 8 R Ik R TR L E L 4
R T HERUR BE . A 308 25 S S5O AORS iy M B 2ok v
JIE SR A A R T ROCE AR T A R SR T
SHMEEZMEKR 5 T a&endEmIL . 75—
Jr Ul Ze F1AL B A KN — 44 kI /mol™, Zr JEF
Al 5 Z (AU EAR 8 AR B AR T S A2 ol 5 0 B 4 4 5
AR TACARRTIE R 425 T & &G E . A
AT ARSI G T AR . Al e — @
JUEI  Zr-Cu-Fe-Al {4 & HE b 88 1 T K. 7T B8 19 )5t 4
S Zr FAL Z AR AR A EAE R i 2 0 ALK 2
SHEEETH ZeoAl b EE T SR, MG
G A — Rk 2E R T O A xR B R R AR R
e S,

2.2 Zrs (Cu— Fe, ) Al B & B R A BE
E

H 85| Zrsy (Cugs Feos) sy Al & 4 A1 S8 BURE 1 85
U iP5 T Culy Fe BEIR X Zrsy (Cuy—, Fe, )y
Als & S AHZS IR e Mg . &1 4 FIE 5 4 52
HRAEN 2 mm B Zrs, (Cu—, Fe, )y Als 45 46 %5 25 [0 5 15
AL XRD B3 K DTA £, v LUE H Zrs
(Cup—. Fe s Als 5 G AL 5 Cu 5 Fe BE/R LA L.
454 XRD 5 DTA 4 #r vl 1.4 Cu 5 Fe BE/R /N F

18

3+ T EeIRAE NG, Y Cuy Fe /R
46 B A4 iRE XRD EE F BT B 00 18 B
W, 4 Cu by Fe JBE K Ho gt — A 19 hnik . WY 656 59 & 25 AH
MU 2K . RIS IR N IR A RS, Y Cu
Fe FEIRFLHGME] 9 « 1 mp, 3lAe vh SO BT 38 1 Al 2
ARSI, AT, 2 Cu 5 Fe FEJRILTE 5 ¢ 5~8: 22
I‘Eﬂﬁﬂ'vzrw(Cul—xFeI)33A18%ﬁﬂgjkﬁ%%ﬁiﬁgﬁﬁﬁo

e e e A{CWA(Fe)=0'1

”""‘“”/\“"“‘"M‘—-—m *{Cuya(Fe)=8:2

B X(Cu)x(Fe)=7:3
I S *(Cuyx(Fe)=6:4

e

CPS

_"_”W/"'\._ s s
e s (CWY/(FE)=5:5

__,..,ij\\_r *(Cu)x(Fe)=46

N i x(CuY(Fe)=37

il W *(Cu)/x(Fe)=2:8

20 30 40 50 60 70 80
20/

E 4 ﬁ'f}'—ﬁ 2 mm é'{J ZI‘59 (Cul—.r Fe.r >33 Als é\/i\% XRD E'ijaﬁ
Fig.4 XRD patterns of Zrso (Cu;—, Fe, )33 Alg

alloy with 2 mm in diameter

¢ x(Cu)/x(Fe)ZQM_
2(Cu)/x(Fe)=8:2

x(Cu)/x(Fe)=7:3

x(Cu)/x(Fe)=6:4

x(Cu)/x(Fe)=5:

2(Cu)/x(Fe)=4:6

2(Cu)/x(Fe)=3:7

x(Cu)/x(Fe)=2:8

2(Cu)/x(Fe)=9:1

HIFRA(mW-mg")
HIFR/(mW-mg")

600 700 800 900 1050 1100 1150 1200 1250

T/K TIK
(a) sEFHAC, G 1L (b) &AL

B5 HAZEA2mmeg Zry (Cu—, Fe, )y Al &4 DTA ik i £
Fig.5 DTA heating curves of Zrs, (Cu,—, Fe, )33 Alg

alloy with 2 mm in diameter



Zr-Cu-Fe-Al 5 G HYAE SOE BE J) AR E R AL BUEE MR IE VNG %%

H DTA fm#l 2k mT k45 & & A0 7 250 gk
AR EE (T O AR BE (T R ZRIR B (T o3
VA X BT (AT, =T ,-TOM y[y=T./(T,+
TOIZEWFE 1, AJLLEL A Cu 5 Fe BRI
I 4 A R B R v VRORH IX SEHE E BRI, AR iR
JEE B4 T o R Ao A VA DX 4 K 2 3 B 4 IR Ik 3
M. 24 Culy Fe BEIRLL N 7+ 3 I, & 4 i v WAH IX B
KBl 124.3 Koy ZHEW] LA Cu 5 Fe BE/RIL
ARG s Zrese (Cuy -, Fe, s Al B 4 AR R BCRE 7 e 38
JEBEAR. 2 Cu g Fe BE/R LS 7 ¢ 3 I, & 4 Ak S B JAE
TV SR AR TG — 2. BUR Zrso (Cugs Fegs )y
Al il Zrsy (Cuyr Feos) s Als & G2 AE S B URE 1 B dr . (H
HAE S G S B S 2 mm, DLIE] 6, 1 A B 58
B, Zrs, Cuys Fes Alyy Ml Zrgy s Cuss Fes Al & 4 dE M i A
TE R ST AT 3K 20 mm™™ 19 35 AH 25 55 K 1 D P9 AT RE S
Zrsy (Cui—, Fe, )y AL IR R BRI E T Zr-Cu-Fe-Al H
Ry ) s S B AR AR B URE T B 2%

%‘% 1 Zrs, (Cuy—,Fe, )35 Alg ﬁ'%ﬁ@ﬂﬁ%—"’%?ﬁ
Tab.1 Thermodynamic parameters of Zrs, (Cu,—, Fe, )3; Al alloy

IR T,/K T,/K AT./K Ti/K 4

Zrsg (Cug.gFeg1) 33 Alg 644.8 741.8 97.0 1183.4 0.406
Zrso (CugsFeg2) 3 Alg 648.9 747.2 98.3 1168.5 0.411
Zr59 (Cug.7Feg3) 35 Alg 638.8 763.1 124.3 1161.7 0.424
Zrse (Cug.6Feo.s) 53 Alg 636.5 751.9 115.4 1160.2 0.418
Zrso (Cugs Fegs) 33 Alg 632.8 741.4 108.6 1179.1 0.409
Zrso (Cug.i Fegs) 33 Alg 635.8 730.6 94.8 1165.7 0.406
Zrsg (Cug3Feg.7) 33 Alg - - — 1161.7 —

Zrsy (Cug2 Fegg) 53 Alg - - — 1173.8 -

CPS

Zry(Cug Fey ) Aly

Zry(Cug;Feys); Aly

0 30 & 50 60 70 8
20/%)
B6 HAEAI3mmE Zr, (Cu—, Fe, )y Aly A4 XRD B %
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Effects of Melt Superheating Treatment on Wear Properties of Hypoeutectic

Al-10Mg,Si Alloy
Wang Xin'?, Liu Xiangling*, Niu Yu?, Yang Jun', Yang Xinhua'
(1.School of Material Science and Engineering, Dalian Jiaotong University;
2.College of Mechanical and Electrical Engineering, Jilin Institute of Chemical Technology)

Abstract: The effects of microstructure on the wear properties of hypoeutectic AI-10Mg, Si alloy after melt super-
heating treatment were investigated by means of the grinding-disk friction and wear test. The results reveal that
the primary a-Al phase is converted from fishbone to equiaxed structure, and Mg, Si phase is uniformly distribu-
ted in fibrous and short rod shape after melt superheat treatment. The secondary dendrite interval of Mg,Si phase
is decreased by 58% , and the hardness is increased by 13.5% , meanwhile the wear rate is decreased by 16.49%.
The wear debris is changed from push milling flake type and curl type without melt superheating treatment to
small powder shape. The wear debris are converted from pull-chip and crimp type without superheating treatment
to small powder shape. The spalling area is decreased, and the spalling pit, furrow and extrusion groove become
shallow. The wear mechanism is dominated from adhesive wear, oxidation wear and abrasive wear to coexisting of
delamination wear, adhesive wear and partial oxidation wear, which indicate that the melt superheating process
can improve the wear properties of the alloy.

Key Words: Hypoeutectic AlI-10Mg,Si, Melt Superheating Treatment. Microstructure, Wear Behavior
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