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Abstract: New Fe based multicomponent amorphous alloys have been developed recently based on empirical rules for large glass

forming ability( GFA) . In the present investigation, the master alloy ingot with the nominal composition of Feg Co7ZrioMosW2Bis

(mole fraction, % ) was prepared by arc melting under Tt gettered Ar atmosphere. The Fe-based buttons with different transverse

cross sections were fabricated by arc-melting method, and the d 2.5 mm Fe-based rods were manufactured by injection technique.

Characterization of the ingots and the parameters associated with the thermal stability were carried out by X-ray diffractometry

(XRD) and high temperature differential scanning calorimeter( DSC), respectively. The interval of the supercooled liquid region is
39 K for the Fe based alloy. The GFA of Fe based alloys is relatively lower, to the buttons obtained are all crystallized. The Fe-
based rod exhibites a high Vickers hardness up to HV 1 329. In addition, an amorphous crystalline transition layers are observed in

the rod. This transition zone is caused by unhomogeneous temperature distribution and relatively lower GFA for Fe based alloys.
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1 INTRODUCTION

Metallic glasses fabricated by rapid quenching from
melt were first discovered in 1960'" 2", but because of
the high quench rate requirements( 10* = 10° K/s), only
thin ribbons and sheets with a thickness less than 0. 1 mm
could be fabricated. The synthesis of bulk metallic glasses
(with thickness > 1 mm) was successfully achieved by
Chen in 1970s, but it was limited to those containing no-
ble elements( such as Pd, Pt)"*'. Recently, it was dis
covered that certain metallic glasses can be fabricated
from the liquid state at critical cooling rate from 0. 1 K/ s
to several hundred K/s'* *'. This enables the production
of bulk amorphous alloys with a thickness of the order of
mm or even cm. Based on the achievements obtained in
the research field of bulk amorphous alloys, three empiri-
cal rules have been proposed: (1) multicomponent systems
consisting of more than three elements, (2) atomic size
mismatch above 12% among the main constituent ele-
ments, and (3) negative heats of mixing among their ele-

1681 1t is well known that good magnetic properties

ments
can be achieved from amorphous alloys fabricated by fer-
romagnetic materials Fe, Co and Ni, but extremely high

cooling rate is needed and consequently bulk forms are

unavailable'” . From 1995, a serials Fe-based bulk amor
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phous alloys with relatively large sizes and excellent mag-
netic properties have been developed, e. g., Fe (Al
Ga)-(P, C, B, Si, Ge), Fe(Nb, Mo)-(Al, Ga)-(P,
B, Si), Fe(Zr, Hf, Nb)-(Cr, Mo)-B, Fe(Nb, Cr,
Mo)-(P, C, B), FeCo(Zr, Nb)-(Mo, W)-B, Fe-Nb-
Nd-B. Among these Fe-based amorphous alloys, it has
been found that the GFA of Feg Co7ZrioMosW2Bis( mole
fraction, %) composition is the highest, and the #pmax is
evaluated about 6 mm in diameter in the shape of rod.
But this important empirical result has not been confirmed
by else researchers! """

In this paper, the glass forming ability of Fe-based
alloy is investigated and the amorphous- crystalline transi-
tion layers formed during the melt quenching are dis
cussed. The supercooled liquid region of this alloy is also
studied. In addition, the glass forming ability of alloys is

discussed on the structural and processable point of view.
2 EXPERIMENTAL

The master ingot was prepared by arc melting the
mixture of pure Fe and other metals on a magnetic stirring
water-cooled crucible under a Tt gettered Ar atmosphere.
The crystalline boron in the shape of needles was applied

in order to prepare Fe-based master ingot. The purity of
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all the elements used was more than 99. 5% . The alloy
compositions of Feg Co7ZripMosW2Bs represented the
nominal atomic percentage of the mixture. The Fe-based
little buttons with different transverse cross sections were
prepared in the same arc furnace. The Fe-based rods were
fabricated by injecting the melts into copper mould under
Ar atmosphere. The buttons and rods achieved were cut
off using diamond wheel machine and by means of spark-
erosion. The structure was studied by X-ray diffractometry
(RIGAKU, D/max-rB, Cu Kg,). The parameters associ-
ated with the thermal stability were carried out by NET-
ZCH 404 high temperature differential scanning calorime-
ter(DSC) at a heating rate of 0. 33 K/s. The microhard-
ness was measured under a load of 9. 8 N by FM-7 Vick-
ers hardness tester ( SUZUKI, loading time 15s). The
metallographical structures were observed by optical mi

croscopy( OM, Olympus BH) .
3 RESULTS AND DISCUSSION

In order to investigate the GFA of the Fe-based alloy
with the composition of FegCorZrig-MosW2Bis, several
buttons with various transverse cross sections were pre-
pared by arc melting technique under a Tt gettered Ar at-
mosphere. These buttons have shining surface, but the
XRD results ( Fig. 1) show that only sharp-peak spectra
obtained, that is, no amorphous phase existed in the but-
tons. It can also be seen that the less the size of the but-

tons, the less the crystalline fraction in it.
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Fig. 1 XRD spectra corresponding to transverse

cross sections of Fe-based buttons with

diameter of 3. 1 mm(a), 4.0 mm(b) and 4.7 mm( c)

The Fe-based rods with d 2. 5 mm were fabricated
by injecting the melts into copper mould. They also have
shining metallic luster. The schematic of the buttons and
rods as well as the positions selected for special study of
structure are shown in Fig. 2. The rectangle( Fig. 2( d))
corresponds to the part for optical microscopy (OM) in
Fig. 3. The Vickers hardness testing for Fe-based rods

corresponded to the rectangle is shown in Fig. 2(b). The
parts used for DSC testing are shown in Fig. 2( ¢) (3" and
5" ). Table 1 shows the XRD and microhardness results
of the rods (1* in Fig. 2(¢)), buttons( BI-B3), and
master alloy ingot(MAI) . It should be noted that the less
the transverse cross section is, the higher the microhard-
ness could be achieved due to diminshing the structure
scale of eutectic microstructure.

Table 1 XRD and HV results of rods,
buttons and MAI

Rod 2.5 50.0 4.00 at ¢ 117571329
B1 4.3 3.1 0. 30 c 630 ~ 740
B2 5.5 4.0 0.56 c 720 ~ 800
B3 7.0 4.7 1.01 c 650 ~ 690

MAI - - 86. 00 [ 570 ~ 610

a—Amorphous; ¢ —Crystalline

The amorphous-crystalline transition layers could be
identified through metallographical observation. This zone
located in the cone-shape head( Fig. 2(d)) of the rod.
The zone with gray color was crystalline, yet the zone with
light color was the transition layer from amorphous to crys-
talline structure, which means that amorphous phase was
formed in this region. Thermal stability parameters associ-
ated with glass transition, supercooled liquid region, and
crystallization were examined by high temperature DSC for
the Fe-based rods( Fig. 4). The values of T,, Ty, T,
(where T, is the melting temperature) and AT, for Fe
based rods were 634.5 C, 673.5 C, 1 191.9 C and
39 C, respectively. It has been pointed out that there is
close relation among supercooled liquid region AT, re-
duced glass transition temperature T, (= T4/ T\) and
glass forming ability of bulk amorphous alloys, that is, a
clear tendency for GFA to increase with increasing AT,
and T,/ TL™ . Good bulk glass formers are alloys with
deep eutectics and a high T up to 2/3*). For this Fe-
based alloy, the value of T\, was 0. 53. Maybe this value
was different from other researchers results, but it corre-
sponded the poor GFA in these experiments. Moreover,
other samples cut from upper part of the rod( 5" in Fig. 2
(c)) did not show any exothermal peak in the testing
temperature range. It indicated that this rod has layered
structure and the amorphous phase is concentrated near
bottom transverse cross section.

This fact can be confirmed by Vickers hardness test-
ing of orthogonal and longitudinal sections performed for
the samples ( Figz. 2 (b) ad ( d)).
Bottom part of the rod has hardness of HV 1 329
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Fig. 2 Schematic of Fe-based button and rod and parts selected for testings
(Arabic numerals 1, 3, 5, 7 in Fig. 2(¢) represent respectively testing parts)
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Fig. 3 Amorphous crystalline transition layers

at cone-shaped head of Febased
rod with d 2.5 mm
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Fig. 4 DSC curve for Fe-based rod(3* in
Fig. 2(¢)) with d 2.5 mm

near the surface whose hardness being HV 1 200 at the

center of the rod(1* ). However, at the upper part of the
rod only HV 928 is received for the light color area( 7" ).
The microhardness is decreased to HV 650 in the cone
shaped head of the sample( gray crystalline zone in Fig.
Bl

From that discussed above, we can conclude that the
critical thickness of fully amorphous rods fabricated by in-
jection technique is less than 2. 5 mm for this composi-
tion. Although the rod has more mass than the buttons,
yet the conditions with respect to amorphous forming were
better than the latter. This results caused by the extremely
steep temperature distribution in the melt during melting
by arc. The temperature of the melt is over 3 000 C near
the arc but lower at the bottom contacting with the water-
cooled copper mould. As we reported before, only a lim-
ited temperature range, which we called undercoolable
melts(UCM) , can produce good conditions for glass form-

ing in the Zrbased alloys'?!.

It is expected the same
condition in the Fe-based amorphous forming. The melt of
the rod was prepared by magnetic levitation followed by
even cooling of copper mould through injection technique,
so the temperature distribution is more homogeneous by
means of magnetic levitation induction melting than arc
melting. As a result, the injection technique has an ad-
vantage over arc melting method for preparing bulk amor-

phous alloys.
4 CONCLUSION

The alloys with the glass-forming composition Feg;
Co77Zri,oMosW,Bis( mole fraction, % ) was prepared using
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elements with high purity. The XRD spectra indicate that
all the Fe-based buttons have no amorphous phase, but
the crystalline fraction decreases with decreasing trans-
verse cross sections. Different part of the rod with d 2.5
mm exhibits various structure, which leads to different
microhardness and thermal stability. The rods prepared by
injection technique have layered structure and the amor-
phous phase is concentrated near bottom transverse cross
section. The interval of the supercooled liquid region is
39 K for the Fe-based alloy. Homogeneous temperature
distribution can result in good conditions for amorphous
forming. The critical thickness of fully amorphous rods
fabricated by injection technique is less than 3 mm for a

COInpOSitiOII of FegiCorZriogMosW>Bis.
REFERENCES

[1] Busch R, Bakke E, Johnson W L, et al. On the glass form-
ing ability of bulk metallic glasses[ J].
1997, 235~ 238: 327 ~ 336.

[2] Klement W, Willens R H, Duwez P, et al. Norr crystalline

Nature, 1960,

Mater Sci Forum,

structure in solidified gold silicon alloys[ J] .
187: 869 ~ 870.

[3] Liu CT, Heatherly L, Easton D S, et al. Test environments
and mechanical properties of Zr-based bulk amorphous alloys
[J]. Mater Trans A, 1998, A 29(7): 1811 ~ 1820.

[4] HeY, Schwarz R B, Archuleta J I, et al. Bulk glass forma-
tion in the P&NrP system[ J]. Appl Phys Lett, 1996, 69
(13): 1861 ~ 1863.

[5] Inoue A. Stabilization of metallic supercooled liquid and bulk

amorphous alloys[ J]. Acta Materialia, 2000, 48: 279 ~
306.
[6] Inoue A. Synthesis and properties of Tt based bulk amorphous

alloys with a large supercooled liquid region[ J]. Mater Sci
Forum, 1999, 312~ 314: 307 ~ 314.

[7] Inoue A, Shinohara Y, Gook J S, et al. Thermal and mag-
netic properties of bulk Fe based glassy alloys prepared by
copper mold casting[ J] . Mater Trans, JIM, 1995, 36(12):
1427 ~ 1433.

[8] Inoue A, Koshiba H, Itoi T, et al. Ferromagnetic bulk
glassy alloys with useful engineering properties| J] . Mater Sci
Forum, 2000, 343 ~346: 81 ~90.

[9] Nieh T G, MukaiT, Liu CT, et al. Superplastic behavior of

[ 12]

[ 13]

[ 14]

[ 18]

[ 19]

[ 20]

[21]

a Zrr 10A}F 5Tt 17. 9Cur 14. 6Ni metallic glass in the super
cooled liquid region[ J]. Scripta Materialia, 1999, 40(9):
1021 ~ 1027.

Liqun M A, Inoue A. On glass forming ability of Fe based
amorphous alloys[ J]. Materials Letters, 1999, 38: 58 ~
61.

Yoshida S, Mizushima T. Structure and soft magnetic prop-
erties of bulk Fe AFGa P-C-B-Si glassy alloys prepared by
consolidating amorphous powders[ J] . Materials Science and
Engineering, 2001, A304 ~306: 1019 ~ 1022.

Ikarashi K, Mizushima T. Preparation of the bulk Fe- AFGar
P- - B-Si glassy alloys in a ringed form by copper mold cast-
ing[ J]. Materials Science and Engineering, 2001, A304 ~
306: 763 ~ 766.

Inoue A, Makino A. Ferromagnetic bulk glassy alloys[ J].
Journal of Magnetism and Magnetic Mateirals, 2000, 215~
216: 246~ 252.

Kojima A, Makino A. Hard magnetic properties of
nanocrystalline Fe-rich FeeNlr NdB bulk alloys produced
by consolidating amorphous powders[ J]. Nanostructured
Materials, 1997, 8(8): 1015~ 1024.

Inoue A, Zhang T, Takeuchi A, et al. Bulk amorphous al-
loys with high mechanical strength and good soft magnetic
properties in Fe TM-B(TM= IV VIl group transition metal)
system[ J]. Appl Phys Lett, 1997, 71(4): 464 ~ 466.
Inoue A, Zhang T. Stabilization of supercooled liquid and
bulk glassy alloys in ferrous and norr ferrous systems[ J]. J
Norr Crys Solids, 1999, 250 ~252: 552~ 559.

Inoue A, Yokoyama Y, Shinohara Y, et al. Preparation of
bulky Zrbased amorphous alloys by a zone melting method
[J]. Mater Trans, JIM, 1994, 35(12): 923 ~926.
Masumoto T. Recent progress of amorphous metallic materi-
als[ J]. Sci Rep RITU, 1994, A39(2): 91~ 102.

Inoue A. Stabilization and high strairrrate superplasticity of
metallic supercooled liquid[ J]. Materials Science and Engi-
neering A, 1999, 267: 171 ~ 183.

Echert J, Kubler A, Alexandra, et al. Glass transition,
viscosity of the supercooled liquid and crystallization behav-
ior of Zrr AFCu NrFe metallic glasses[ J].
JIM, 2000, 41(11): 1415~ 1422.
Molokanov V V, Petrzhik M I, Mikhailova T N, et al. For
mation of bulk (Zr, Ti)-based metallic glasses[ J]. ] Nomr
Crys Solids, 1999, 250 ~252: 560 ~ 565.

(Edited by HUANG Jirr song)

Mater Trans,



