Vol. 4 N@, 4 TRANSACTIONS OF NFsoc Dec. 1994

FORMATION OF AMORPHOUS Ni-Ti ALLOY
BY MECHANICAL ALLOYING®

Liang, Guoxian Wang, Erde Li, Zhiming
College of Materwls Science and Engineering ,
Harbin Institute of Tecknology, Harbin 150001

ABSTRACT

NizTi(100-z) (z=10~70) alloys have been prepared by mechanical alloying of elemental ti-
tanium and nickel powders. X-ray diffraction, SEM and TEM were used to characterize struc-
tural changes of Ni50Ti50 milled powders. The crystallite size, microstrain and lattice parameter
of nickel crystals were measured as a function of milling time, and DSC was used to examine the
thermal properties of Ni50Ti50 milled powders. It is found that NizTi100-z can be amorphized
with 40<C = <(60.
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1 INTRODUCTION 20, 30, 50, 60, 70) and milled in a high energy

In recent years, mechanical alloying tech-
nique has been used to prepare amorphous al-
loys™J, quasicrystalline alloyst?), nano-meter size
crystals'™ and intermetallic compounds'*]. This sol-
id state reaction technique for synthesizing new ma-
terials attracts much attention at home and abroad.

Ni-Ti alloys can be used as hydrogen storage and
shape memory alloys, so synthesis of Ni-Ti alloy
from elemental titanium and nickel powders by me-
chanical alloying was widely studied’®~7!, but the
relationship between structural changes of milled
powders and amorphization process was still un-
clear for this alloy system. Here we chose ball mill
elemental Ni and Ti mixtures to investigate struc-
tural changes of powders and the amorphization pro-
cess.

2 EXPERIMENTAL PROCEDURES

Pure elemental nickel powders (99. 9%, ~4
um)and titanium powders (99. 5% , ~60pum)were
mixed in the composition of NizTi100-z (z = 10,
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attritor ball milling machine. The milling medium
was hardened steel balls of 6mm diameter, rotation
velocity was 400 r/ min and the ball to powder
weight ratio was 40:1.

To protect from contamination of oxygen, the
milling container was filled with high purity argon
gas, and a few amount of milled powders were re-
moved from container and examined after different
milling times.

X-ray diffraction (XRD) analysis of milled
powders was carried out using the RIGAKUD/
max-rB diffractometer with CuKe radiation. The
microstructure of milled powders was observed by
scanning electron microscope (SEM) with electron
probe microanalyzer, samples were prepared using
standard metallographic techniques. Milled pow-
ders for TEM examination were suspended in anhy-
drous alcohol, a few drops of the mixture were
pipetted onto a carbon support film.

The thermal properties of milled powders were
examinedby a Perkin- Elmer DSC- 7 differential
scanning calometer under argon atmosphere with a
heating rate of 20 C /min.
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3 EXPERIMENTAL RESULTS AND DIS-
CUSSION

Fig. 1 shows the backscattered micrographs of
Ni50Ti50 powders milled for various time. At the
starting milling stage, composite powders of nickel
and titanium with layered struture were formed,
which can be observed in the sample milled for 15
min in Fig. 1 (a). When subjected to further
milling, the layered structure refined as shown in
Fig. 1 (b). After 1 h milling, a uniform single-
phase microstructure was formed, the contrast of el-
ementary image disappeared completely in the
backscattered micrographs.

Fig. 2 shows TEM bright field images and se-
lected area diffraction patterns (SAD) of milled
powders, after 15 min milling, the powders were
found to be completely crystalline, the SAD pat-
tern indicates significent preferred oriention, which
implies the powders suffered large plastic deforma-
tion; after half an hour miling the regions of amor-
phous phase start appearing as in Fig. 2(b). EDX
analysis and SAD patterns indicate region A is poly-
crystalline with more titanium content ( 56. 35
at.-% Ti, 43.65at.-%Ni), while its neighbour-
ing region B shows amorphous structure with the
composition of 51.29at. -% Ti and 49.7 at. - %
Ni, close to the starting nominal composition. Af-
ter 1 h milling, the fraction of amorphous phase is
much high, but the microstructure is still un-uni-

Fig. |

(a) 15min; (b)

form, after 2h milling, the powders were basically
amorphous.

The XRD patterns of milled powders of
Ni50Ti50 samples milled for various time are pre-
sented in Fig. 3, as milling time increased, both
the nickel and titanium peaks brodened and the
peak intensity decreased. After half an hour
milling, a halo pattern appeared, indicating amor-
phous phase formed. On further milling, the nickel
and titanium peaks disappeared and were replaced
by halo pattern, showing that amorphization reac-
tion was carried to completion.

Fig. 4 shows the DSC curves of Ni50Ti50 pow-
ders milled for various time. With short milling
time, the crystallization temperature of amorphous
phase is high, it is because the amorphous phase
formed at this milling stage possesses high nickel
content:5!, On further milling, the crystallization
enthalpy increases with increasing milling time as
shown in Fig. 5 during 0. 5h to 4h milling period,
the crystallization enthalpy rapidly increased,
which implies the fraction of amorphous phase in-
creased fast and most of the amorphous phase
formed during this period. After 4h milling, amor-
phization rate decreases, since the un-alloyed dis-
persoid embeded in the amorphous matrix needs a
long time to diffuse into the matrix. While at the
initial milling stage, the deformation- fracturing-
welding process greatly raises the reaction interface
of nickel and titanium, so the amorphization rate

Y

Microstructure of Ni50Ti50 powders milled for various time
0.5h; () 2h
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Fig. 2 TEM picture and SAD patterns of Ni50Ti50 powders milled for various time
(@)—15min; (5)—0.5h; (e)—1h; ; (d)—2h
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Fig. 3 XRD profiles of Ni50Tiso powders Fig. 4 DSC curves of Ni50Ti50 powders
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is high in this period. After 7h milling, the sample
becomes fully amorphous, the crystallization en-
thalpy is 3. 92kJ/mol.

Fig. 6 shows the structural parameters of
Ni50Ti70 samples as a function of milling time. At
the starting milling stage, the layer thickness of lay-
ered structure decreases, making the reaction inter-
face between nickel and titanium increases; in addi-
tion, the grain size deminishes and the microstrain
increases owing to severe plastic deformation, indi-
cating the dislocation density and grain boundaries
increase, which enhancing the diffusion rate, so
the lattice parameter changes rapidly. Fig. 6 also
shows that the hardness of powder reaches satura-
tion value after 1 h milling, and powder size also
reaches saturation value, but microstructure is still
un-uniform at this time, and the alloying process is
not completed. So we can not decide whether the al-
loying process has finished according to the hard-
ness and powder size reaching a stable stage.

Fig. 7 shows the XRD patterns of NizTi100-z
(z=10, 20, 30, 50, 60, 70)powders milled for
7 h. It can be seen that the Ni70Ti30 samples
turned to nickel solid solution, while samples with
the composition of 40 <z < 60 became amor-
phous, for Ni20Tig0 and Ni10Ti90 samples, the
mixture of titanium solid solution and amorphous
phase were obtained.
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Fig. 5 Crystallization enthalpy of ball milled
NisoTi50 powders versus milling time
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Fig. 6 Variation of structural parameters of
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Fig. 7 XRD profiles of NixTi100-x
powders ball milled for 7 h

amorphous phase formed by mechanical alloying,
the free energy of formation of amorphous phase
and solid solution of Ni-Ti system at 227 C (gener-
ally, the temperature of powders in ball milling pro-
cess is 227 ‘C) were calculated using the empirical
equation given by Miedema A R [®J, as shown in
Fig. 8. According to double tangent rule,
NizTi100-z alloys can be fully amorphized at the
composition range of 30< 2 <77, which is basical-
ly in agreement with experimental results. Owing
to serious plastic deformation of powders the free
energy of both amorphous phase and solid solution
changes, and can not be accurately calculated, so
the formation range of amorphous phase can not be
(To page 90)
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structure of nonferrous alloys by STM in the air at
ambient temperature under appropriate heat treat-
ment and surface protection measures.

(2) The fine structure of bainite in the Cu-
Zn-Al alloy-subunit has been found for the first
time. The subunits take on a regular shape and
range in proper order. The maximum subunit is
about 800 nm X 300 nm while the minimum one is
60 nm X 60 nm or so.

(3) The maximum depth between the subunit
and the boundary of two subunits is ca. 30nm and
the corrugation on the surface of subunit is ca. 3
nm.
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4 CONCLUSIONS

(1) Mixed elemental Ni-Ti powders formed
composite powders with layered structure at the
starting milling stage; on further milling, the lay-
ered structure refined, the crystallite size of nickel
crystal diminished, and microstrain increased with
the increasing plastic deformation.

After 1 h

milling, the hardness and size of powders reached
saturation values.

(2) For Ni50Ti50 samples, the fraction of
amorphous phase increased very rapidly during 0. 5
~2h milling period, because the deformation-frac-
turing-welding process made the reaction interface
between nickel and tiatnium increase. At the final
milling stage, amorphization rate decreased, after
7 h milling, amorphization process completed.

(3) NizTi100-z (40<C z <. 60) amorphous al-
loys were obtained, which is basically in agreement
with the result calculated by thermodynamics
method.

REFERENCE

1 Weeber, A W; Bakker H. Physica B, 1988, 153. 93.
Eckert, J; Schultz, L; Urban, K. Acta Metall Mater,
1991, 39(7). 1497.

3 Kuyama, J; Inui Het al. Jpn J Appl Phys, 1991, 30
(5A);: 854.

4. Calka, A; Radlinsk, A P. Scripta Metall, 1989, 23,
1497.

5 Schwarz, R B; Petrich, R R; Saw, C K. J Non-Cryst
Solids, 1985, 76. 281.

6 Helistern, E; Schltz, L Z. Phys Chem N F. 1988,
157, 2165.

7 Wang, K T; Shen, T D; Quan, M X; Wang, J T.

Scripta Metall, 1992, 26. 933.

Battezzati, L N; Enzo, S; Schiffini L ef al. J Less-Com-

mon Met, 1988, 145. 301.

9 Niessen, A K; Miedema, A R. Ber Bunsenges Phys
Chem, 1983, 87 717.

oo



