Science
Press

Trans. Nonferrous Met. Soc. China 17(2007) $622-s625

Transactions of
Nonferrous Metals
Society of China

www.csu.edu.cn/ysxb/

Preparation and properties of nano-CeO,/Zn composites
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Abstract: The nano-composite powders of CeO,/Zn were prepared with high energy ball milling and the nano-composite materials
of CeO,/Zn were fabricated with vacuum sintering powder metallurgy. Meanwhile, the composite and structure were analyzed by the
means of XRD and FESEM. From the comparison of different nano-CeO, contents composites, the best corrosion resistance and
hardness, and the optimum content of nano-CeO, were achieved. The result shows that corrosion resistance, hardness and uniformity
of metal structure can be improved significantly with nano-CeO,; at the same time, the optimal corrosion resistance, hardness and
microstructure are obtained when the mass fraction of nano-CeO, is 1%.

Key words: high energy ball milling; CeO,; nanocomposite; corrosion resistance; hardness

1 Introduction

The nanocomposite is the advanced subject of the
research in high performance composite material. The
performance of nanocomposite material is better than
that of normal composite material[1-2]. Consequently,
preparation of nanocomposite material is a valid method
to obtain high performance material. Rare earth elements
have a special function in improving material
performance, especially corrosion resistance[3—5]. The
improvement of corrosion resistance by rare earth
elements added to pure Zn has been the purpose of
studies by HINTON and WILSON firstly in 1980s[6]. It
is suggested that the CeCl; of 1.0 g/L can make the
corrosion velocity of the pure zinc as low as 1/10 of
original, and that of the electroplating zinc as low as 1/2
of original. After the corrosion experiments, there is a
layer of yellow film on the surface of both the pure Zn
and electroplating zinc. And then HINTONJ[7] studied
the composition and structure of the film ulteriorly, and
discovered that the main compositions in the film were
CeO, and Zn. In this work, the nano-CeO, and Zn
powder were used to prepare nano-composite materials

of CeO,/Zn, and the performance was studied.

2 Experimental

2.1 Preparation of nano-CeO,/Zn composite powders

with high energy ball milling

The homogenization of nano-CeO,/Zn composite
materials prepared by vacuum sintering powder
metallurgy were decided by the granularity difference of
the two kinds of powders, nano-CeO, and Zn[8]. The
grain size of nano-CeO, powder was so different from
pure Zn powder that the homogenization becomes worse.
And the nano-CeO, particles are reunited in the
compound based on Zn, so it can hardly carry out the
homogenization of the material. To solve this problem,
the key is to process nano-CeO,/Zn composite powders.
Consequently, the composite powder was prepared by
high energy ball milling[9—11], the nano-CeO, particles
were evenly distributed in the compound based on Zn,
and the microstructure and organization were discussed.

The starting materials used in this study were Zn
powders of 99.0% purity with a particle size range of
47-100 um and CeO, powder of 99.5% purity with a
mean size of 30 nm. A water-cooled horizontal ball mill
with the rotation speed of 15.18 and steel balls of

3, 6 and 10 mm in diameters with ratio of 3:6:10 were
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employed. Zn and CeO, powders with mass ratio of 8:1
were added to the ball mill. The ball-to-powder mass
ratio was selected to be 30:1. Pumping was repeated for
three times to achieve a vacuum of 100 Pa, followed by
argon gas charging. The powders were milled for 120
min[12—13].

2.2 Preparation of nano-CeO,/Zn composite blocks by
vacuum sintering powder metallurgy
The cylindrical specimens were produced by
hot-press sintering at 40 MPa and 370 C for 2 h under
vacuum[14—15]. The hot pressing parameters were as
follows (values in parentheses are CeO, mass fractions):
Zn-CeO, (0.1%): 9 t, 2 h, 370 C, 6 °C /min;

Zn-Ce0y(1%): 9t,2 h, 370 C, 6 “C/min; Zn-CeO,(5%):

9t,2h,370 C,6 ‘C/min.

2.3 Microstructure evaluation of nanocomposite

materials

X-ray diffraction(XRD) patterns were obtained at a
scanning rate of 2(°)/min by using a fully automated
diffractometer (Model Bruker D8 ADVANCE, Germany)
with Cu K, (0.154 06 nm) radiation. A scanning electron
microscopy (SEM) (Model LEO 1530 VP, Germany)
coupled with energy dispersive X-ray spectrum (EDS)
was used to investigate the morphology and the element
distribution of the composites.

2.4 Corrosion resistance test

The effect of CeO, nanoparticles on the corrosion
resistance was measured. And two kinds of corrosive
media were used.

1) The specimens were soaked in the spray tank full
of 3.5% NaCl. After corroded for 36 h, they were rinsed,
dried and weighted.

2) The specimens were soaked in 0.5 mol/L MgSO,
solution (pH=1) at room temperature. After corroded for
0.5 h, they were rinsed, dried and weighted. The process
was repeated six times, and the total corrosion time was
3h

The corrosion resistance was evaluated by the mass
loss per area, Am/S (Am is the mass loss and S is the
surface area).

2.5 Hardness test
The hardness of specimens was measured by a
Rockwell hardness tester.

3 Results and discussion

3.1 Corrosion resistance

The corrosive results of the specimens on salt-spray
condition are shown in Fig.1. It can be seen that, when
the mass fraction of nano-CeQO, is 1% the corrosion

resistance is the best. With further increase of nano-CeO,
to 5%, the corrosion resistance reduces.
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Fig.1 Corrosion rates of samples in salt-spray corrosion

The corrosive results of the specimens in MgSOy,
solution are shown in Fig.2. The similar results are found
to those in salt-spray corrosion.
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Fig.2 Corrosion rates of samples in 0.5 mol/L MgSO, with
pH=1.0

3.2 Hardness performance

The Rockwell hardness of samples is shown in
Fig.3. The hardness of the specimen with nano-CeO,
content of 0.1% is lower. When nano-CeO, is increased
to 1%, the hardness is the highest. With further
increasing the content of nano-CeO; to 5%, the hardness
reduces.

The addition of nano-CeO, can increase the
hardness of the material based on Zn, due to the fact that
the nano-CeO, particles are very fine and they are
distributed homogeneously on the Zn matrix. It engenders
the dispersion strengthening of the matrix metal
obviously. But an excessive amount of nano-CeO, is
reunited and unevenly distributed, resulting in the
reduction of hardness.
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Fig.3 Hardness (HRA) of samples

3.2 Analysis of organization structure

The XRD patterns of nano-CeO,/Zn composite are
shown in Fig.4. It can be seen that except a small amount
of zinc oxidized because of operational reasons, there is
no new alloy phase, which indicates the nano-composite
materials of CeO,/Zn are gained.
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Fig.4 XRD pattern of nano-CeO,/Zn composite

The SEM micrograph for the powders milled for
120 min is shown in Fig.5. The nano-CeO, particles
distribute either on the surface of Zn micro-flake or
around the peripheral layer of Zn particle. The Zn
particles become small obviously, with the CeO,
particles in a nano size.

The SEM micrographs of sintered nano-CeO,/Zn
composite is shown in Fig.6. Fig.6(a) shows that the
grains of the bulk are fine and the structure is dense.
Fig.6(b) shows that the pores distribute homogeneously.
This indicates that the sintered material has an uniform
structure and steady performance.

After sintering, a few of CeQ, particles dissolve into
the Zn grains, which makes the structure more even and
denser, the cell lattice increased, the grains refined and
the preferred orientation promoted to single-crystal plane
in the crystallization process. This is a reason of the
corrosion resistance increasing of nano-composite of
CeO,/Zn.
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Fig.6 SEM micrographs of sintered nano-CeO,/Zn composite

4 Conclusions

1) High energy ball milling and vacuum sintering
powder metallurgy are effective techniques for preparing
nano-composite of CeO,/Zn. The XRD pattern and
FESEM micrograph show that there is no new alloy
phase, and the products have uniform structure and
steady performance.

2) The
uniformity of metal

corrosion resistance, hardness and

structure can be improved
significantly with nano-CeO,, the optimal corrosion
resistance, hardness and microstructure are obtained

when the mass fraction of nano-CeO, is 1%.
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