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High Temperature Deformation Behavior of

Fe-base Amorphous High Strength Alloys

Woonhyun Kw on

Department of Materials Engineering, Graduate School,

Korea Maritime University

Abstract

The high temperature mechanical behavior of a Fe-base
amorphous and amorphous matrix composite were fabricated. The
mechanical properties with varying temperature and strain rate
were determined with compression test. Mixture of non-crystaline
and crystaline phases were found usting X-ray diffraction (XRD)
and differential thermal analysis (DTA) tests. Exothermic reaction
obtained at 620C during heating with solid state transformation
from metstable crystalline phase to stable phase. Based on
crystallization temperature, compression tests were performed in the
temperature ranging from 560C to 700C with 20C interval. The
Fe based amorphous matrix composite exhibied considerable peak
stress drop above 640C and strainrate of 5x10°/s. To find the

temperature and strain rate dependence on deformation behavior



below crystallization temperature (Tx), compression tests with wide
temperature ranges 1s under investigation, and relationship between
microstructure, including fracture surface morphology, and

mechanical behavior is being studied.



List of Tables

Table 1. The essential bulk metallic glass alloy system.

Table 2. Comparison of magnetc properties between the metallic
glass alloy and conventional materials.

Table 3. Comparison of core loss between the metallic glass alloy

and silicon steel.



List of Figures

Figure 1. SEM images showing the distinct vein patterns on the

fracture surface of Cus2s5Ti30Zr115Nie.

Figure 2. Empirical deformation map for Zr-base bulk metallic

glass.

Figure 3. Image of (a) FessMniosMoi27Cris56Bs6Y15Co49 alloy (as

Figure

Figure

Figure

Figure

Figure

Figure

cast) and (b) FessCos565124Z165B135 alloy (as cast).

. Result of Fes3sMnio7Mo0127Cris6Bs6Y15C049 alloy with

differential thermal analysis.

. Result of Fes3sMnio7Moi127Cri56Bs56Y15C049 alloy with

differential thermal analysis.

. X-ray diffraction pattern of

FesssMnio7Mo127Cri56Bs6Y15C049 alloy with various

diameter.

. X-ray diffraction pattern of FessC0565124Z165B135 alloy

with various diameter.

. SEM image of (a) FessMnio7Mo127Cri56Bs6Y15Co49 alloy

with 3mm diameter and (b) FessCo056Si24Zr65B135 alloy

with 2mm diameter.

. Appearance of GLEEBLE SYSTEM and fixtures with

specimen installed.

Figure 10. Appearance of fixtures with specimen installed within

the electric furnace.

_iv_



Figure 11.

Figure

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Stress—strain curves for Fes3sMnio7Mo127Cri56B56Y1.5C049
with various strain rate at the isothermal temperature of
(a) room temperature and (b) 580°C, (¢c) 600C, (d) 620C,
(e) 640C, (f) 660TC, (g) 680°C, (h) 700C, (i) 750°C.

12. The change of peak stress for
FesssMnip7Mo127Cris6Bs6Y15 Cosg alloy with at various
test temperature as a function of strain rate.
Engineering stress—strain curves for FessCo0s565124Z165B135
with various test strain rate at the isothermal
temperature of (a) 560°C and (b) 580C, (c) 600C, (d)
620C, (e) 640C, (f) 6607C, (g) 6807C.

The change of peak stress for FessCo0565124Z165B135 alloy
with at various test temperature as a function of strain
rate.

The change of peak stress for FessCo05651242165B135 alloy
with at various test temperature at strain rate 5x10 /s,
Stress-strain curves for FesssMnio7Mo0127Cri56Bs56Y15C049

with various test temperatures at strain rates of (a)

10'/s and (b) 5x10%s, (c) 10°/s, (d) 5x10°7/s, (e)

10%/s, () 5x10 /s, (g) 10 /s,

Stress—strain curves for Fes6Co05651247Z165B135  with
various test temperatures at strain rates of (a) 10 /s
and (b) 10 */s, (c) 5x10 /s, (d) 10 */s.

The change of peak stress for
FessgMnip7Mo127Cri56B56Y15 Cosg alloy with at various

initial stain rates as a function of temperature.



Figure 19.

Figure 20.

Figure 21.

The change of peak stress for FessCo0s5651242165B135 alloy
with at various initial stain rates as a function of
temperature.

Compressive fracture surface of
Fes3sMni97Mo127Cri56Bs56Y15 Cosg alloy deformed at
room temperature with a strain rate of 10 %/s (a) and
higher magnification (b), 600°C with a strain rate of
10 /s (c) and higher magnification (d), 680°C with a
strain rate of (e) 10'/s and (f) 10 "/s.

Compressive fracture surface of FessCo0565124Z165B135
alloy deformed at (a) 600°C with a strain rate of 10 /s

and (b) room temperature with a strain rate of 5x10 °/s.

_Vi_



LLRE!

o
il
o)

B’

4

ze)

Jo

Ty

fuy

—_—

®
on

K

90 A =

w2t A 5ol

o]

A

ol
k!

L,

v 2 g4

s
a

Atk 5ol A

o] ot

o

0]
2R

Fo17) 3

= ATk ol

ok o
To o

}od

)

Aol =

o E
1 il

543 #7]
A=Z W

71 A A

71e)

o)
=]

=

’

[1 -~ 5] Al

3
Y
2

o

An
LY

Folue pEe ARZA

HH
s

Wobgheh.

o

7}

=
S

2 257}

Hooliklts 3}

24 sog

ki3

3ol 9

s

o oW

)

e
o

o
P

el

"o

B
gl

ze)

my

ol

—_
file)

qr

To-

N/

el

Zo] A I
10
9] t}Hol.

non-Newtonian -

5. O
— =

=
=

o #4st3)

A} 4

e MARA 7
AR BHow

A

o

o
=

F

HF 2] 5} a1 plastic straing

[6,7,11,12]
o] T BT

nanocrystal A4S &3 compositeo] T

A ol A

oF

dr

A=A

ALoll A

Liquid metal

-
s

o] o

Fes3sMni07Mo127Cri56Bs6Y15Co49 &5 2

ol My Ay

3)

FessCo56Si24 ZresBiss &=l o

-
R

74

Tor
e

)
!
alat
Nd

]

ol
T

o
F)!

7
3r

O

.

=

B



SO b

%L

1.1 v 244

Fol Au-SiA 9]

9|

&

A

=3 R
H =

7 (gun)

-
R

1960 v = 2] Duwez

qr

el

]!

-

—

O
)
4K

o

A7} A Ao

)

AR SagelA

)

B

ol

A A

71 Al
=7} T,

A} 7}
t}

A

glot.

Aol

!

vze]

T

=)

ojn

aze)

il

ol

=] 3}

1= =i
SN

]
S

=
T

= o

=

1 gl e et

o)
2
RN
g

olo

B!
To
T
H
wjr

)
+
o
o
2

o

Azs7] 9= 100710° K/s 9 wha

o
=

e

o|J

= o] v}

—_
o

A A

1990 i o]l

FE ol 1~100K/s9] W7t ol A

iz

%

o]

o H=a HAaA

p==
[€)

o)l —L
Eias

Mg A, NiAl, FeAl, ZrA, CuAl, TiA

o, F

St =% injection

w44 2

7 7 = A

= ol &steq AT

casting

"
o
ﬁo
)



H ful R
N TxE Adem we sz oaelA nAas ool Awe]yx
7} ZAkste] AAe) aAe]l 2skAl Wk e thARA ] Bzl

AAeA dr). weps AAFH w9 Tx olate] W& ewdoldA
WA EAT 5 da &
Asol we WAAYATS 24 A AzgHe

moldell B ZA2AAGF A =0 2 TFFS

2 T
43 v AHAdT T BAY AXE AEFH3 QT Table 19 1988 of] A]

20047121 o] oF 16\ 7Fo] Y EFY bulk metallic glasse] 8 5419 1
AdE AsATt.
HAAA g5 AF9 34 A& Aoz dAHE vy 2o

1967 Au-Ge-SiAl 9] fejaoldd w7

19683 Fe-P-B7| H|AA 2%

1969 Pd-Ni-PA ¥ 244 =9 A=

1970 Pd-SiAl Bl 2A A FFolAe 14 = 54
19743 Fe-Cr-Mo-P-CAl el A 2] a1 2] A4

19753 Fe-P-C7l, Fe-P-B7l, Fe-Si-BA ol A 2] A=A
19753 La-AuAlolA 9] 2d %= 54
1980 W AAA A Azt 17}
1983 Fe-Si-B Rl AA A Ao H=a

J|m

€

!

o o O O O O O O O

A

ol
o
o

1519887k A] mlAA A el Aokl 712 dpetoly &8l
%_

geid Fod FUe F= ABE QA Rk 198040



ZHEH o3 AR qFF AT F£53 HEH7 dojwutt}. o=
19843 H% Sy Al-MnA &30 =449 A 2L 19860

2% AbstEo] WHE Aol S FAT M F oli = 19604
ol 7 M AAA FFolAEe PAd-Ni-PAZ A9t 10°K/s o4
L5 F88 oa, dofAe= AsFYE FA o 50 ol she
Ho]X  oF 40um ©]ste] ', oF 100me] MA T gAY 22 FH
A7 dfEel 1 8% A4 Fofbod @A H I, thE Fokd Al &
o] o]Fojd F7F gl wFo] At

1980t o] H=a v AAHE F5o Aol Ao AAAA E Y

AT A7t do] Hrub shuE 1984w PA-Ni-PA 3ol A B0 =

1988 ol A 1993 TiAl wjZaxd 3t 2
I AT A7 42 Tohokuth & Inoue 5o 9af WEEYa, o] o

= AAARSE FF=

HILol= oy v ZAAA Fu= ol&dte X8 A B FEOE

ol g3st7] AT AF7F AFEI U



Table 1. The essential bulk metallic glass alloy system.

Non-Group VI

clements system yvear | Group VI elements system | year
Mg-Ln-MUD 1988 | Fe-(Al, Ga)-(P, C, B, Si, Ge)| 1995
Ln-Al-TM?2) 1989 | Fe-(Nb, Mo)-(Al, Ga)-(P, B, Si)| 1995
Ln-Ga-TM 1989 | Co-(Al, Ga)-(P, B, Si) 1996
Zr-Al-TM 1990 | Fe-(Zr, Hf, Nb)-B 1996
Zr-Ln3-Al-TM 1992 | Co-(Zr, Hf, Nb)-B 1996
Ti-Zr-TM 1993 | Ni-(Zr, Hf, Nb)-B 1996
Zr-Ti-TM-Be 1993 | Fe-Co-Ln-B 1998
Zr—(Ti, Nb, Pd)-Al-TM | 1995 | Fe-Ga—(Cr, Mo)-(P, C, B) | 1999
Pd-Cu-Ni-P 1996 | Fe-(Nb, Cr, Mo)-(C, B) |1999
Pd-Ni-Fe-P 1996 | Fe-(Nb, Cr, Mo)-(P, B) 1999
Ti-Ni-Cu-Sn 1988 || Co-Ta-B 1999
Ca-Cu-Ag-Mg 2000 | Fe-Ga-(P, B) 2000
Cu—Zr 2001 | Ni-Zr-Ti-Sn-Si 2001
Cu-(Zr, Hf)-Ti 2001 | Ni-(Nb, Ta)-Zr-Ti 2002
Cu-(Zr, HO)-Ti-(Y, Be) | 2001 | Fe-si-B-Nb 2002
Cu-(Zr, Hf)-Ti—(Fe, Co, Ni)| 2002 | Co-Fe-Ta-B-Si 2002
Pt-Cu-P 2003 | Co-Fe-Ta-B-5i 2003
Ti-Cu-(Zr, Hf)-(Co, Ni) | 2004 | Fe-(Cr, Mo)-(C, B)-Ln 2004
Ca-Mg-Zn 2004

1) M& Ni, Cu, Zn.
2) TM< Fe, Co, Ni, Cu.
3) Ln< Lanthanide Metals.
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Table 2. Comparison of magnetc properties between the metallic glass

alloy and conventional materials.

H 9 2 9 HZ244d g+
ferrite
I A7 7%
. ~ IMn-Zn|Co-base|Fe-base
50 Ni | 80 Ni
d d
¥EsxEE E 0 Bs(G)| 20,000 | 15500 | 7,400 | 5,000 | 5,800 15,600
223 He(Oe) 0.5 0.15 0.03 0.1 0.005 0.03
FEAE 1,500 6,000 | 40,000 | 3,000 | 60,000 | 5,000
ZH ) F A&, um 20,000 {60,000 {200,000| 6,000 [1,000,000{ 50,000
Z+& v Br/Bs(%) ~ r - 30 80 -

olo
ofo
et

. c1

9k 7], SMPS, choke core
saturable core, inverter
bead core, DC to DC, AC to AC converter

spike Killer, UPS, High frequency transformer

ISDN pulse trans.etc.
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Table 3. Comparison of core loss between

silicon steel.

the metallic glass alloy and

- u Metglass Metglass gk Ad
26055C 260552 ST
= A (%) FegiBi355135C FesB13Sig Feos59i35
AL 1.6T 1.56T 2.03T
2 | AE(W/ke) 0:22 0.17 0.72
; VjWA/kg) & 0.30 0.18 0.28
A | Curie £%(C) 370 415 745
2 % (g/cm’) 7.32 7.18 7.65
a4 A & (%) 75 75 97
A & (Q-cm) 125x10°° 130x10°° 45x10°°
a7 # o 2 150 150 1,000
(m)| ¥ 7 50E(-3) 50E(-2) 0.27-0.3
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Figure 1. SEM images showing the distinct vein patterns on

: . [36
fracture surface of Cu52,5TlgoZr115N16.[ ]
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Figure 3. Image of (a) FessMnio7Mo127Cri56Bs6Y15Co049 alloy (as cast)
and (b) FessCo565i247Zr65B135 alloy (as cast).
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Figure 4. Result of Fes3sMnio7Mo127Cris6BssY15C049 alloy with

differential thermal analysis.

5
-104
—
=
% -15- =)
o
L 0]
8
I
254
-30 T T v T T T T
400 500 600 700 800

Temperature(°C)

Figure 5. Result of Fes3sMnio7Mo127Cri56Bs56Y15C049 alloy with

differential thermal analysis.

_19_



PO e ® o-Fe

®
.3mmr d

2 mm rod

Figure 6. X-ray diffraction pattern of Fes3sMnio7Mo0127Cri56B56Y15C049

alloy with various diameter.
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Figure 7. X-ray diffraction pattern of FessCos65124Z165B135 alloy with

various diameter.
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(a)

amorphous

matrix

(b)

Figure 8. SEM image of (a) Fes3sMnio7Mo127Cri56Bs6Y15C049 alloy
with 3mm diameter and (b) FessCo056Si24Z165B135 alloy with

2mm diameter.
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Figure 9. Appearance of GLEEBLE SYSTEM and fixtures with

specimen installed.

Figure 10. Appearance of fixtures with specimen installed within the

electric furnace.
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Figure 11. Stress-strain curves for Fes3sMnio7Mo127Cri56B56Y15C049
with various strain rate at the isothermal temperature of

(a) room temperature and (b) 580C.
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Figure 11. Stress-strain curves for Fes3sMnio7Mo127Cri56B56Y15C049

with various strain rate at the isothermal temperature of

(c) 600C and (d) 620C.
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Figure 11. Stress-strain curves for Fes3sMnio7Mo127Cri56B56Y15C049

with various strain rate at the isothermal temperature of

(e) 640C and (f) 660TC.
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Figure 11. Stress-strain curves for Fes3sMnio7Mo127Cri56B56Y15C049

with various strain rate at the isothermal temperature of

(g) 680C and (h) 700C.
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Figure 11. Stress—strain curves for FesssMnio7Mo127Cri56Bs56Y15C049

with various strain rate at the isothermal temperature of

(i) 7507C.
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Figure 13. Engineering stress-strain curves for FessCo054S12.42165B135

with various test strain rate at the isothermal temperature

of (a) 560C and (b) 580T.
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Figure 13. Engineering stress-strain curves for FessCo054S12.42165B135
with various test strain rate at the isothermal temperature

of (¢) 600C and (d) 620TC.
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Figure 13. Engineering stress-strain curves for FessCo054S12.42165B135
with various test strain rate at the isothermal temperature

of (e) 640C and (f) 660C.
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Figure 13. Engineering stress—strain curves for FescCos56951242165B135

with various test strain rate at the isothermal temperature

of (g) 680TC.
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Figure 16. Stress-strain curves for FesssMni07Mo127CrissBseY15C049
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Figure 16. Stress-strain curves for FesssMni07Mo127CrissBseY15C049

with various test temperatures at strain rates of (c)

10%/s and (d) 5x10°/s.
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(a)

(b)

Figure 20. Compressive fracture surface of Fes3sMnio7Mo127Cri56Bs6Y15
Cosg alloy deformed at room temperature with a strain

rate of 10 °/s (a) and higher magnification (b).
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(c)

(d)

Figure 20. Compressive fracture surface of Fes3sMnio7Mo127CrissBssY1s
Cos9 alloy deformed at 600C with a strain rate of 10 /s

(¢c) and higher magnification (d).
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(e)

(f)

Figure 20. Compressive fracture surface of Fes3sMnio7Mo127CrissBssY1s
Co4g alloy deformed at 680C with a strain rate of (e)
10"/s and (f) 10%/s.
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(g)

(h)

Figure 20. Compressive fracture surface of Fes3sMnio7Mo127Cri56Bs6Y 15
Cosg alloy deformed at 700C with a strain rate of (g)
10'/s and (h) 5x10 */s.
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(a)

(b)

Figure 21. Compressive fracture surface of FessC0565124Z165B135 alloy
deformed at (a) 600°C with a strain rate of 10 /s and (b)

room temperature with a strain rate of 5x10 °/s.
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