Science
Press

Available online at www.sciencedirect.com

SCIENCE @D:nscr«

Trans. Nonferrous Met. Soc. China 16(2006) 1189-1192

Transactions of
Nonferrous Metals
Society of China

www.csu.edu.cn/ysxb/

Structure and property of Cu-based thermosensitive nanocomposite

LOU Bai-yang(# (4 #%), XU Bin(#: &), MA Xiao-chun(ZB4), L1 Le-guo(4= 4k [H)

College of Mechanical and Electronic Engineering, Zhejiang University of Technology,
Hangzhou 310014, China

Received 14 December 2005; accepted 5 July 2006

Abstract: The Cu-based thermosensitive nanocomposites are made by high energy ball milling. The microstructures and properties
of Cu-based thermosensitive nanocomposites are studied by transmission electron microscopy(TEM) and themosensitivity test. The
effects of milling time on the microstructures and the thermosensitivity of Cu-based nanocomposite material are researched. The
results show that the Cu-based nanocomposite can be made by high energy ball milling. As the milling time increases, the copper
particle size decreases in the nanocomposite, then the thermoexpansivity of nanocomposite increases. The nanocomposite is of best
thermoexpansivity when the milling time is up to 100 h. At 35-45 °C, the nanocomposite shows good thermosensitivity.
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I Introduction

Thermosensitive materials are getting more and
more attention in recent years. Now major thermo-
sensitive materials, such as shape memory alloy,
bimetallic strips and shape memory polymer are based
on inherent thermal expansivity or phase- transformation
mechanism[1—4]. These materials are solid and limited
in thermal expansion and shape. Some liquids and
gelatins are studied as thermosensitive materials[5—8],
but their intensity is weak. Metal-based/polymer
functional nanocomposite is a new type of composite

materials which arouses people’s interests in resent years.

This kind of material has the merits of both metal
(thermoconductivity and electroniconductivity) and
polymer  (thermoexpansivity),
amorphous. It also can be used as thermosensitive and
expansive materials for making driver, gearing and
controller, which makes them have great advantages in
engineering applications[9—12].

The preparation of Cu nanopowder have been
reported[13—16], but the research of metal nanopowder
is limited. In this paper, we analyze and discuss the
preparation. microstructure and thermoexpansivity of
Cu-based thermosensitive nanocomposite prepared by
high energy ball milling.

furthermore it’s

2 Experimental

Some Cu powder (about 0.7 mm in diameter) and
organic ester were weighed by using JA1003 electronic
balance and mixed in mass ratio of 90 to 10 by QM-1SP
ball mill machine with Ar propection at 200 r/min. The
samples are tested and analyzed after being milled for 50,
80, 100 or 120 h.

Observation of the microstructure, comparison and
ascertainment of the particle dimension of the composite
were done by using TEM (Type PHILIPS EM430). The
ultrasonic vibration was used to distribute the granule
before testing.

The expansivity of materials is measured in the
small Cu tube by using thermo-controlled optical micro
measuring equipment. The small Cu tube is 5 mm in
diameter, 20 mm in length and open in one side end,
which limits the material expanding in one direction. The
material is put into tube at pressure of 10 N, avoiding air
in it. The expansivity of materials is represented by the
elongation of sample at certain temperature.

3 Results and analysis

3.1 TEM analysis
In order to ascertain the particulates’ dimension, Cu
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granule in the composite material was analyzed by TEM.
And the ultrasonic vibration is used to distribute the
granule in pure ethanol before testing.

Fig.1 shows TEM images of the particulates
separately after milling for 50, 80, 100 and 120 h. It
shows that the particulates are of spherical shape after
ultrasonic vibration. After milling for 50, 80, 100 or 120
h, sizes of Cu particulates are about 300, 140, 70 or 30
nm respectively. It’s also proved by the test that the Cu
particulates are coated by a layer of organism uniformly.
During the TEM analysis, the particulates have some
movement when electron beam hits the composite
particulates, suggesting the existence of organism
because organism starts to melt while being heated by
electron beam. Organism which coats the Cu particulates
can weaken cold-welding effectively during milling
process as a lubricant, and it also forms a layer of
protective film which increases stability and antioxidant
ability of the Cu nanoparticulates.

Fig.2 shows the relationship between size of Cu
particulates and milling time. Because the impacts of the
Cu particulates during milling process, plastical
deformation appears, dislocation density increases and
crystal grains break up. The Cu particulates become
smaller along with the increase of milling time. After
milling for 80 h, the refining rate of Cu particulates
slows down.

3.2 Expansivity analysis
The pipes with the compact materials are heated for

[

5 min in the open air at 35, 40, 45, 50 and 55 C
separately during which the materials are expanded
completely and elongated in one side of tube, and then
the expansivity of composite materials is measured by
using thermo-controlled optical measuring
equipment. Fig.3 shows the measured results. The
composite materials have better expansivity at 35-45 C
after milling for 80-120 h. The results show that
expansivity of materials increases rapidly as the milling
time and temperature increase. Above 45 ‘C, the
expansivity of materials increases slowly when the

micro

temperature rises.

The elongated part of materials are repressed into
the pipes and heated again several times in constant-
temperature water tank at 35, 40, 45, 50 and 55 ‘C. The
expansitivity is measured 10 times at each temperature.
Fig.4 shows the test results for the composites milled for
50 h. As the effect of the heat exchange is better in hot
water than in air, the composite materials show better
thermosensitivity in hot water. In constant-temperature
water tank at 35—45 °C, expansivity of the composite
materials is basically in permissible range of error each
time. This shows that the materials can keep almost the
same expansivity after heat cycle for some times.
Heating the composite materials for long time will make
them soft.

Fig.5 shows the expansivity of the composite
particulates after ball milling for 50 h during heating and
cooling cycle. The experimental results show that the
milling time has great effect on the thermosensitive

Fig.1 TEM images of copper particulates after for milling different times: (a) 50 h; (b) 80 h; (¢) 100 h; (d) 120 h
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Fig.2 Effects of milling time on size of Cu particulates
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performance of the composite material and so does the
copper particulates. As copper particulates become
smaller, the expansivity of composite material increases
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Fig.5 Themoexpansivity curve of composite materials at 45 C
and reaches the highest value after 100 h ball milling.
4 Conclusions

1) Cu-based thermosensitive nanocomposite can be
prepared by using high energy ball milling. The sample
distributes more uniformly and has nearly spherical
shape after using ultrasonic vibration. The organic ester
can also cover the Cu nanoparticle completely. After high
energy ball milling for 50, 80, 100 or 120 h, the sizes of
copper particulates are about 300, 140, 70 or 30 nm,
respectively.

2) The composite material has good thermosensitive
performance in the temperature range of 3545 ‘C. After
heating and cooling circles in constant-temperatured
water tank, its expansivity doesn’t change basically.

3) Within 100 h, along with the increase of ball
milling time, the thermoexpansivity of the composite
material increases. The composite material ball milled
for 100 h has better expansivity.
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