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Fig. 1 (a) Physical and (b) structural diagrams of the cross-section
of rubber expansion joint
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Fig. 2 Thermal cracking infrared spectra of rubber expansion joint
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Tab. 1 Tensile strength and elongation at break of rubber expansion joint

Sample

Tensile strength/MPa

Elongation at break/%

Rubber expansion joint
Outer rubber of rubber expansion joint

Inner rubber of rubber expansion joint

14.3+1.2 465+41
7.2+0.8 738+92
6.9+1.1 863+102
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Fig. 3 Microscopic morphology of different parts of rubber expansion joint and their EDS energy spectra

Tab. 2 Tensile strength and interlayer peel strength of rubber expansion joint

Sample

Tensile strength
/(N-mm™)

Average interlayer peel
strength/(N-mm™)

Minimum interlayer peel
strength/(N-mm™)

Fibrous curtain layer

Cover layer (top) and fibrous curtain layer

Cover layer (bottom) and fibrous curtain
layer

Fibrous curtain layers (1-2)
Fibrous curtain layers (2-3)
Fibrous curtain layers (3-4)
Fibrous curtain layers (4-5)
Fibrous curtain layers (5-6)
Fibrous curtain layers (6-7)

Fibrous curtain layers (7-8)

107

6.9
7.5
8.1
7.6
6.8
8.2
7.3
6.5

6.8

5.8

6.3

53

6.1

4.7

6.4

5.6

4.2

5.5
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Fig. 4 Variation of mass change rate of rubber expansion joint with
immersion time in working medium
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Fig. 5 Variation of erosion wear rate of rubber expansion joint with
erosion angle
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Fig. 6 Surface erosion wear pattern of rubber expansion joint at different erosion angles
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Fig. 7 Trend of fatigue life of rubber expansion joint with maximum
strain
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Fig. 8 Surface morphology of rubber expansion joint for different ozone aging time
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Fig. 9 Microstructure of outer layer, inner layer, and fibrous curtain layer of rubber expansion joint
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Fig. 11 Correspondence between In (365¢7) and 1/T from the fitting
of Arrhenius equation
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Performance Evaluation and Service Life Prediction of Rubber Expansion
Joint at Condenser Throat in Nuclear Power Plant

Kaiying Li', Kaiju Yin®, Yuxiang Zhao’, Yubin Wang', Dejun Liu’, Bo Qiu', Renpu Fu'
(1. CNNP Operation Maintenance Technology Co., Ltd, Hangzhou 311200, China; 2. Nuclear Power
Institute of China, Chengdu 610041, China; 3. CNNP Nuclear Power Operation Management Co., Ltd,
Jiaxing 314300, China)

ABSTRACT: Rubber expansion joint at condenser throat is crucial for the stable operation in a nuclear power
plant, but its selection and application are constrained by the lack of effective performance evaluation method. This
paper proposed a method for evaluating the structure and performance of rubber expansion joint based on its actual
operating conditions, including chemical structure analysis, micro- morphology observation, mechanics
performance testing, lateral offset detection, corrosion and erosion resistance assessment as well as hot air and
ozone aging performance testing, and predicting the service life on the basis of the relationship between the
variation of elongation at break in air and temperature. Then the structure and performance as well as the service
life of rubber expansion joint in a nuclear power plant were studied with the abovementioned system, which
effectively reflects the application characteristics of rubber expansion joint. The investigated rubber expansion
joint exhibits moderate hardness and good fibrous curtain layer strength, interlayer bond strength, compression
property, lateral offset performance, corrosion resistance and low- temperature resilience. However, the tensile
strength and the elongation at break need improving compared to those of pure neoprene rubber. The fatigue life of
the rubber expansion joint is closely related to the maximum strain and its heat (ozone) aging resistance is good
with a service life of around 32.6 years at ambient temperature (around 25 °C) and 8.1 years at operating
temperature (around 40 °C).

Keywords: rubber expansion joint; aging resistance; service life



