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As the demand for natural gas that satisfies environmental regulations increases, the quantities of natural gas cargo that carrier
can load is also increasing, Natural gas is transported in a liquefied state at =163 C to increase loading efficiency. Among several
LNG CCS types, MARK-III types are generally adopted in terms of loading efficiency. The secondary barrier adhesives of the
MARK-III, nevertheless, is subjected to tensile stress due to thermal contraction and tension in the environment, In terms of
these reasons, local analysis of the adhesive to evaluate the stress state must be carried out, According to previous studies,
local analysis is unavailable since material properties for secondary barrier adhesives have not been reported, Thus, in this study,
the cryogenic tensile test and coefficient of thermal expansion of epoxy and polyurethane (PU15, PU45), which are most widely
used at cryogenic temperatures, were experimentally analyzed, At cryogenic temperature, the mechanical behavior of the polyurethane
adhesive was better than epoxy of the adhesive, the joint of FSB and epoxy adhesive of the secondary barrier has the maximum
coefficient of thermal expansion difference at 25 C and minimum at 150 C, respectively.

Keywords : LNG CCS(LNG = AIAE), Epoxy adhesive(OlZA| &2IA|), Polyurethane adhesive(Z2|3|EH T2, Cryogenic
tensile test(=2X2 QIAAIS) Coefficient of thermal expansion(ZZaA|4)
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Table 1 Input mechanical properties of component of LNG CCS for finite element analysis

Component Material Tensile modulus (GPa)

Tensile strength (MPa) CTE (10-5K-1)

Insulating material R-PUF

0.185 Yoon et al. (2013)

1.95 Yu et al. (2014) 3.7 Yoon et al. (2013)

Secondary barrier FSB

11.09 Jeong et al. (2020)

299.83 Jeong et al. (2020) | 2.37 Jeong et al. (2020)

Secondary barrier RSB

12.33 Jeong et al. (2020)

221.31 Jeong et al. (2020) | 1.85 Jeong et al. (2020)

Adhesive Epoxy N.A N.A N.A
Adhesive PU N.A N.A N.A
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Fig. 4 FT-IR spectra for adhesives at different irradiation
doses

Table 2 Tensile test scenario of adhesives

Adhesive Temperature
Epoxy 25C
-20°C
PU15 -70°C
-120C
PU45 -170C
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Table 3 Test scenario of coefficient of thermal expansion

Sample Standard Tom
Adhesive p. calibration Temp. . P
material . Rise
material
E%ﬂxg Fused ALO 20C~ | 0.01~50
. 23 _ o,
PU45 Silica 150C | (K/mm)
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Table 4 Mechanical properties of adhesives

Ultimate tensile ) Tensile
Material T[eén]p strength E[ls;%?nt;?? modulus
[MPa] [MPa]
48.534 0.016 4401.01
25 17.953 0.815 524.97
6.450 1.091 11.474
50.657 0.0092 | 5204.71
Epoxy -20 33.251 0.022 2830.27
35.330 0.0274 3029.4
51.923 0.0075 | 6465.53
PU15 =70 55.109 0.021 4568.41
67.921 0.0255 4038.6
53.077 0.0071 7417.73
PU45 | —120 61.505 0.014 5000.76
74.633 0.017 4270.61
55.697 0.0056 | 8048.50
-170 82.501 0.0130 | 6424.29
87.222 0.015 6067.05
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Table 5 Input Mechanical properties of component of LNG CCS for Finite Element Analysis

Component Material Tensile modulus (GPa)

Tensile strength (MPa) CTE (107°K™)

Insulating material | R-PUF | 0.185 Yoon et al. (2013)

1.95 Yu et al. (2014) 3.7 Yoon et al. (2013)

Secondary barrier FSB 11.09 Jeong et al. (2020)

299.83 Jeong et al. (2020)

2.37 Jeong et al. (2020)

Secondary barrier RSB 12.33 Jeong et al. (2020)

221.31 Jeong et al. (2020)

1.85 Jeong et al. (2020)

Adhesive Epoxy 8.048 In this study 55.7 In this study 1.68 In this study
Adhesive PU15 6.424 In this study 82.5 In this study 2.15 In this study
Adhesive PU45 6.067 In this study 87.2 In this study 1.61 In this study
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