a Elastomers and Composites
«q,/ Vol. 55, No. 3, pp. 222~228 (September 2020)

Print ISSN 2092-9676/Online ISSN 2288-7725 \?\
DOI: https://doi.org/10.7473/EC.2020.55.3.222 cnec'&—:m

Rubber Material Development and Performance Evaluation of
Diaphragm Seal for Steam Generator Nozzle Dam

Chang-Su Woo', Chi-Sung Song", Han-Chil Lee*”, and Jin-Wook Kwon""*"

Department of Nano Applied Mechanic, Korea Institute of Machinery & Materials 156,
Gajeongbuk-ro, Yuseong-gu, Daejeon 34103, Korea
“Research Planning and Coordination Division, Korea Institute of Machinery & Materials 156,
Gajeongbuk-ro, Yuseong-gu, Daejeon 34103, Korea
"Technical Research Center, MuJinKeeYeon 734-7, Ancheong-dong, Gwangsan-gu, Gwangju 62210, Korea
“*Construction Materials Engineering Center, DRD Holding Co., Ltd. 28, Gongdandong-ro,
55 beon-gil, Geumjeong-gu, Busan 46329, Korea

(Received July 20, 2020, Revised August 19, 2020, Accepted August 24, 2020)

Abstract: Rubber materials, used in nuclear power plants, need high heat-oxidation resistance to curing or cracking under
a heat aging environment. This is because they are applied to environments with high temperature, high humidity, and radi-
ation exposure. Nuclear radiation causes additional hardening or degradation, therefore, rubber materials need radiation
resistance that satisfies the general and any accidental conditions produced in the power plant. Therefore, in this study, we
developed a rubber material with excellent heat and radiation resistance for the diaphragm seal of a nuclear steam generator
nozzle dam. The rubber material greatly improved the reliability of the steam generator nozzle dam. In addition, 30 inch
and 42 inch diaphragm seals were manufactured using the developed rubber material. A nozzle dam was installed in a
nuclear power plant and tested under the same conditions as a steam generator to evaluate safety and reliability. In the future,
the performance and safety of diaphragm seals developed through field tests of nuclear power plants will be evaluated and

applied to currently operating and new nuclear power plants.
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Figure 1. Steam generator nozzle dam installation schematic: (a) Primary equipment system of nuclear power plants (b) Steam generator

nozzle dam.
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Figure 2. Nozzle dam composition.
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Table 1. Rubber material properties at room temperature and heat aging

Test conditions

Type Item -
Room temp. (23°C) Heat aging (121°Cx24hr) Rate of change (%)
Hardness (Hs) 35 38 +8.57
Bead Tensile strength (MPa) 12.1 12.8 +5.78
Elongation (%) 845 809 -4.26
Hardness (Hs) 57 61 +7.01
Body Tensile strength (MPa) 20.2 22.0 +8.91
Elongation (%) 535 487 -8.97
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Figure 3. Stress and strain curve at room temperature and heat aging conditions: (a) Bead (b) Body
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Table 2. Properties of rubber material after normal and abnormal radiation of room temperature specimens

Room temp. (23°C)

Rate of change (%)

Type Item —
Before radiation Normal (2x10* Gy) Abnormal (2x10° Gy) Normal (2x10* Gy) Abnormal (2x10° Gy)

Hardness 35 38 42 +8.57 +20.0

Bead Tensile strength 12.1 12.7 3.6 +4.96 -70.2
Elongation 845 834 217 -1.30 -74.3
Hardness 57 61 66 +7.01 +15.8

Body Tensile strength 20.2 20.9 9.6 +3.46 -52.5
Elongation 535 527 159 -1.49 -70.3

Table 3. Properties of rubber material after normal and abnormal radiation of room temperature specimens

T Tt Heat aging (121°Cx24hr) Rate of change (%)
e em
P Before radiation Normal (2x10* Gy)  Abnormal (2x10° Gy) Normal (2x10* Gy)  Abnormal (2x10° Gy)
Hardness 38 40 42 +5.26 +10.5
Bead Tensile strength 12.8 12.4 3.5 -3.12 -72.6
Elongation 809 792 175 -2.10 -78.3
Hardness 61 62 64 +1.64 +4.82
Body Tensile strength 22.0 21.7 9.2 -1.36 -58.2
Elongation 487 467 136 -4.10 -72.1
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Figure 4. Stress and strain curve after normal and abnormal radiation of specimen at room temperature condition: (a) Bead (b) Body.
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Figure 5. Stress and strain curve after normal and abnormal radiation of specimen at heat aging condition: (a) Bead (b) Body
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(a)

(b)

Figure 6. Tube structure for diaphragm seal: (a) Hollow type (b) Separation layer type.
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Figure 7. Diaphragm seal for nozzle dam: (a) 30 “ diaphragm seal (b) 42 “ diaphragm seal.
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(a)

Figure 8. Steam generator substructure mock-up and production appearance: (a) Steam generating substructure (b) Completed mock-up.

(b)

Figure 10. Air leakage test of diaphragm seal at free state.
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