AMIMA 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 382 (2018) 022065 doi:10.1088/1757-899X/382/2/022065

Damping Properties of Piezoelectric Ceramics in Chlorinated
Butyl Rubber

Yin Congyi?, Wang Jincheng®*

College of Chemistry and Chemical Engineering, Shanghai University of Engineering
Science, Shanghai, 201620, China

2yincongyi888@163.com
b Wjc406@126.com

Abstract. Piezoelectric ceramics (PZC) was a type of effective filler for improving the damping
properties of CIIR composites. Experimental results revealed that incorporation of 20-40 phr of
PZC into pure CIIR could change cure characteristics of these composites. At loading of 20-40
phr of PZC, the tensile strength was improved from 2.96 to 5.24 MPa, but the elongation at break
showed an obvious decrease. Moreover, the damping loss fact of CIIR/PZC-20 was 1.42,
increased about 30% in as compared with that of neat CIIR, 1.13. In addition, with addition of 30
phr of PZC into CIIR matrix, the electrical resistance was decreased for 4 orders of magnitude .

1. Introduction

With rapid development of modern industry, traffic tends to speed which inevitably produce a series of
problems such as vibration, noise and fatigue fracture. This may accelerate the fatigue damage of vehicle
structure, shorten the service life of vehicles, and endanger people's health. Therefore, the development
of novel and efficient damping materials to reduce vibration and noise and improve the man-machine
work environment is an urgent problem [1, 2].

Rubber damping material is one of the most important types of polymer damping materials. During
the application and transportation process of rubber and its related products, their internal structure may
be destroyed and ultimately lose the important application value of rubber itself due to the aging of a
variety of internal and external factors [3-5].

Taking the idea of converting mechanical energy into electricity to dissipate, it is necessary to use
piezoelectric ceramics as a functional additive for applications in rubber systems. Piezoelectric ceramics
is a common damping material, enabling the conversion of electricity and heat between each other [6.7].

In this paper, we mainly introduced the method of mechanical blending CIIR with PZC, and the
results of its performance, such as cure characteristics, tensile behavior, damping properties, and
electrical resistance.

2. Properties of CIIR/PZT composites
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2.1 Cure characteristics of CIIR/PZT compositezzos0
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Figure 1. Cure curves of (a) CIIR, (b)CIIR/PZC-20, (c)CIIR/PZC-30,(d)CIIR/PZC-40

Table 1. Cure data of CIIR and CIIR/PZC composites

CIIR CIIR/PZC-20 CIIR/PZC-30 CIIR/PZC-40
T10 00:01:46 00:01:10 00:01:18 00:01:37
T90 00:15:32 00:30:44 00:15:25 00:29:44

Cure curves and the corresponding data of different CIIR composites were given in Figure 1 and
Table 1. Almost similar trends were shown in these curves, and the cure time was about 30 min. T10
reflected the scorch time, and this means that a rubber can be safely processed in a given temperature
before the curing process. T90 referred to the optimum cure time needed for the rubber to reach its
maximum point, and at 90% of this level. Usually, the longer was the scorch time, the safer the rubber
processing was. From above results, it can be revealed that the addition of PZC(20~40 phr) can decrease
scorch time and make processing unsafe. In addition, the longer was the cure time, the more energy for
the processing was used. It can be revealed that almost no energy was saved in the cure process resulted
from the longer technical cure time.

2.2 Tensile properties of CIIR/PZC composites
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Figure 2. Tensile properties of different CIIR composites (a) tensile strength,(b) elongation at break.

Figure 2 presented the tensile properties of CIIR/PZC composites. It can be seen that different trends
of tensile strength and elongation at break were shown for these CIIR composites. Their tensile strength
was increased with the increasing amount of PZC (Figure 2(a)). At 30 phr, the CIIR/PZC composite
showed the highest tensile strength, 5.24 MPa. This was 78% higher than that of pure CIIR, 2.95 MPa.
However, the PZC aggregated when its content was increased. This led to the decrease of the tensile
strength. In addition, the elongation at break showed almost different trend when this additive was
incorporated. At loading of 20-40 phr of PZC(Figure 2(b)), the elongation at break of these composites
was totally decreased. With addition of 30 phr of PZC, the elongation at break was 350%. This was 6%
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higher than that of CIIR/PZC-20, 329%. The improvement of tensile strength was attributed to
reinforcing effect of PZC due to its appropriate powder size.

2.3 Damping properties of CIIR/PZC composites
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Figure 3. Damping properties of different CIIR composites
(@) loss factors, (b) elastic modulus, (c) loss modulus.

As can be seen from Figure 3(a), CIIR/PZC-20 owned the highest damping factor (Tan 3), about 1.42,
and this was about 30% higher than that of pure CIIR, 1.13. In addition, this damping factor was
improved in the temperature ranges -40 to 0<C. Although the glass transition temperature had a certain
degree of movement to the room temperature region, the damping performance was decreased in the
ambient temperture. From Figure 3(b), CIIR/PZC-30 exhibited the largest storage and loss modulus,
which meant that this composite possessed the best tensile and damping properties. This was also in
good accordance with their tensile properties (Figure 2(a)).

2.4 Electrical performance of CIIR/PZC composites
Table 2. Electrical resistance of CIIR/PZC composites

Composition Average resistance (Q-cm)
CIIR 1.4313x10*2
CIIR/PZC-20 2.7620%10'6
CIIR/PZC-30 1.8357x10'¢
CIIR/PZC-40 1.9200x10'®

As can be seen from Table 2, after adding different amount of PZC, the electrical resistance was
increased by 4 orders of magnitude compared with that of pure CIIR. This illustrated that the addition of
PZC powder can help to improve the insulation properties of rubber composites. However, as the
amount of PZC increased again, the resistance of the rubber decreased which was due to the aggregation
of this filler.

3. Conclusions

CIIR/PZC composites were prepared using PZC as damping agent. Different properties such as cure
characteristics, tensile, damping, and electrical properties were investigated. The addition of PZC
improved the tensile strength of CIIR composites. The composites with 30 phr of PZC exhibited the
highest tensile strength, 5.24 MPa. Meanwhile, at loading of 30 phr of CIIR, the loss factor (Tan 5) was
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1.42, and was increased about 30% compared with that of pure CIIR, 1.13. In addition, the electrical
resistance of CIIR composites was improved after the addition of 20-40 phr of PZC.

Acknowledgement
This work was financially supported by “Capacity Building Project of Some Local Colleges and
Universities in Shanghai (N0.17030501200).

References

[1] Wu C.F,, Li B.Y., Yang J. Evaluation and Development Trend of Vibration and Noise Reduction
Materials for High-speed Rail Transportation [J]. Electric Drive, 2003, (12), Supplement.

[2] Huang G.S., Wu J.R., Zheng J. Research Progress of Rubber Damping Materials [J]. Chinese
Journal of Polymer Science, 2014, (5): 49-56.

[3] Ding G.F., Fan H., Shi Y.G., Wang X.Y., Luo S.K. Study on Preparation Technology and
Mechanical Damping Property of High Performance Chlorinated Butyl Rubber Composite
Damping Materials [J]. Materials Bulletin B, 2015, 29 (4): 57-61.

[4]Li Z.X., Wang D., Wang Z., Wang H., Li C. The Performance of Chlorinated Butyl Rubber and Its
Research Status [J]. Journal of Shanxi University of Technology (Natural Science Edition),
2013, 29 (2): 6-11.

[5] Zhang F.S., He G.S., Xu K.M., Wu H., Guo S. The Damping and Flame-Retardant Properties of
Poly(vinyl chloride)/Chlorinated Butyl Rubber Multilayered Composites [J]. Journal of
Applied Polymer Science, 2015, 132(2): 41259.

[6] Liu A.Y., Zhang J.Q., Tao W., Wei H.Z., Wang Q.H. Study on Vibration Power Generation of
Piezoelectric Ceramic Composite Materials [J]. Materials Development and Application, 2016,
31 (1), 65-68.

[7] Led&, L.S., Lima, A. M.G.D., Donadon, M.V., Cunha-Filho, A.G. Dynamic and Aeroelastic
Behavior of Composite Plates With Multimode Resonant Shunted Piezoceramics in Series [J].
Composite Structures, 2016, 153, 815-824.



