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Formation and magnetic properties of CuTiZrCo bulk metallic glass

QIU Jun-hua, CHEN Xian-chao, LI Wen-tao, SU Jia-jia, XIE Zhi-wei, YANG Yuan-zheng

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

Abstract: Cusy4Tiy;1Zr162,C0s3 and CusggTiy74Z1164C0s3 amorphous rods with diameter of 3 mm were prepared by
copper mold suction casting process. Their thermal stability, microstructures, phase compositions and magnetic properties
were detected by X-ray diffractometer (XRD), differential scanning calorimeter (DSC), scanning electron
microscope(SEM), energy dispersive spectrum (EDS) and vibrating sample magnetometer(VSM). The results show that,
at a heating rate of 20  /min, the supercooled liquid regions of the two bulk metallic glasses are 59 K and 41 K,
respectively. The small-scale change of Co content in the Cu-based alloy system has little effect on the saturation
magnetization (M;). When the diameters of the samples increase from 3 mm to 5 mm, the magnetic phase with rich Co
and Ti precipitates in the amorphous matrix. Then, the saturation magnetization (M) of the samples significantly
increases.
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Table 1 Binary alloys with deep eutectic point and their
mixing heat 2 3 mm
Binary alloy Eutectic alloy Mixing heat/(kJ-mol ")
Cu-Ti Cuy;Tiyy -9
Cu-Zr CugyZrsg -23
Ti-Co Ti;7Coy3 -28
Zr-Co Zr755C0s1 5 —42 Sample 2(d=3 mm)
Sample 3(4=3 mm)
’ o Sample 4(d=3 mm)
Table 2 Compositions of alloys -
Original designed alloy | Alloy with different Co contents .Sample 5(d=3 mm)
Alloy Composition, Alloy Composition, 20 30 20 ) 60 70 30
No. mole fraction/% No. mole fraction/% 20/(°)
1 CuyeTias 5Zr209C076 6 Cus9Tip7.4Zr164C0s 3 1 XRD

2 Cusp4Tiz71Zr162C04 3 Cus04Tiz7,1Zr16,Cog 3

3 Cusy 7Tigg 321y 5Cos Cuyg.9Tizg 3Z1160C073

4 Cuss 4Tiz4Z19,Cos Cuyo 4Tz 5Zr159C0g2

O 0 3N

5 Cusg, TizoZrs 9Cos Cuyg 9Tz 3Z1157C09 |

Fig.1 XRD patterns of alloy rods with different diameters

Co
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Fig.2 XRD patterns of alloy rods with different Co contents
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Fig.3 DSC curves of sample 2 and 6 amorphous alloys with

diameter of 3 mm at heating rate of 20  /min

3 3 mm 2 6
Table 3

diameter of 3 mm

Thermal parameters of samples 2 and 6 with

AH/
degh
468 24

Sample .. Ty TJ ATJ Tyl

Composition
No. p

2 Cu50A4Ti27AIZr16<2C06A3 396 455 59

6 CU50A9Ti27A4Zr1(,‘4C05A3 406 447 41 459 17

459 AH
2 6
CuTiZrCo
INOVE!"! Co
CussZr3;gTi;oCos
2 mm
ZHANG " Co CugZr3Tij
(CugoZr3Ti10)100-xCox(x=0~5)
3 mm AT,
2 3 mm
CuTiZrCo

Jg 6 17 J/g

LOUZGUINE Cu

Cu<,0Zr30Ti 10

54 K

AT, =59 K
Co

2.2
3 mm  CuTiZrCo

4 4
Co

8 Sample 2, M=7.16 A-m*/kg
Sample 6, M=7.24 A+ mzf’kg
Sample 7, M=6.78 A- m%/k
4
T:.D
=
(‘:? 0 i
- [
3
_4 -
Sample 8, M,=7.06 A-m*kg
S'tmple 9, M =6.85 A ~m*kg
_8 L L
=12 -08 -04 0 D 4 O 8 1.2
HI(MA-m™)
4 Co
Fig.4 Hysteresis loops of samples with different Co contents
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Fig.5 Hysteresis loops of alloys under crystal, amorphous and
partly amorphous: (a) Sample 2; (b) Sample 6

4 2" ¢
Table 4  Saturation magnetization of samples 2 and 6 alloys in

different states

Sample MJ(Am*kg™)
No. Crystalline ~ Amorphous  Partly amorphous
2 7.45 7.16 8.34
6 7.95 7.24 9.14

M,
2.3
SEM 3 mm 6
2 ( 6(a) 6(b))
(
6(c)) 8( 6(d)) X 6(e)) SEM
6(c) 3 (
1 2 3 ) EDS 5
5 2
1 Zr Cu
Co Ti 1 Cu
Zr 3 Cu Zr Ti
Co Ti Co
6(d) (e)
3 ( 4 5 6 )
6 4 Ti Co 5
6 Cu Co
7(a) 7(b) 5 mm
6 2 7 (a)
( L) (
2 ) 2 ( 7(c)) 2
5 7

Table 5 Compositions of different regions in sample 7

Mole fraction/%

Zone
Cu Ti Zr Co
1 53.05  26.05 12.80 8.10
2 49.29  25.95 17.29 7.47
3 32.59  39.28 8.51 19.62

Designed composition  49.90  26.80  16.00 7.30

6 9
Table 6 Compositions of different regions in sample 9
Mole fraction/%
Zone
Cu Ti Zr Co
4 31.51 38.43 8.52 21.53
5 5390 2529 10.17 10.64
6 52.16  26.62 9.90 11.32

Designed composition 48.90  26.30  15.70 9.10
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SEM

Fig.6 SEM images of samples with
diameter of 3 mm containing different Co
contents: (a) Sample 6; (b) Sample 2;
(c) Sample 7; (d) Sample 8; (e) Sample 9

SEM
Fig.7 SEM images of partly amorphous
alloys with diameter of 5 mm: (a) Sample 6;
(b) Sample 2; (c) Enlarged view of region 2
in Fig.(a)

7(b) 2" 3 ( 6 6 3 4 5
34 5 ) 7(a) 6" EDS 7
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7 7(b)
Table 7 Compositions of different regions in Fig.7(b)

Mole fraction/%
Zone
Cu Ti Zr Co
3 50.53 25.22 21.6 2.65
4 81.82 9.64 5.54 3.00
5 46.20  30.74 13.27 9.79

Designed composition  50.40  27.10 16.20 6.30

7 3 Zr
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Ti Co
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