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Abstract: Glass fiber-reinforced polyurethane foam used as a cold insulation for liquefied natural gas carriers requires
excellent insulation and mechanical performance. In this study, the effect of the silane coupling agent according to the
functional group was investigated to improve the mechanical properties of the glass fiber-reinforced polyurethane foam.
As a result of the study, coupling agents with epoxy, amino, and mercapto functional groups showed excellent mechanical
strength. This was confirmed to be due to the interfacial adhesion and additional cross-linking effects of glass fibers and
polyurethane foam by differential scanning calorimetry (DSC) and scanning electron microscopy (SEM).
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Table 1. Information for Silane Coupling Agent
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X Z. Coupling agent® AHE-=+= A #e] 2H-8-7]7} GF-
RPUF®] 4l PlAl= G Hetstr] $lal Table 13 7+
o] & & Z4-7|E 2= Shin-Etsu Chemical co.(Japan)©]
AAEE ARSI o7]9] GFE T-3HA] 22 neat 2]
S F3 Alo]dE& 218)8kA] 22 chopped strand matrix
(CSM)& §H+3k GF-RPUFE T2 2 AAste] ddS
7183} GF(450 g/m*y= Hankuk advanced materials co.
(S. Korea)Z 58] Aot} WA E A 2]gk Zull, polyol
5o 5% BA-2 Hankuk carbon co.(S. Korea)25-H, =
2]2] 232421 Solstice LBAE HoneywelAF2 58] A 3-1kQ)T),
MDI(A¥)= Kumho Mitsui Chemicals(S. Korea)2] M200
(NCO%: 30-32%)= AH&-5139tt.
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Silane Functional group M.W. (g/mol) Abbreviation
(3-Glycidoxypropyl) trimethoxy silane Epoxy 236.34 Epoxy
(3-Aminopropyl) trimethoxy silane Amino methoxy 179.29 Amino M
(3-Aminopropyl) triethoxy silane Amino ethoxy 221.37 Amino E
3-(Trimethoxysilyl) propyl methacrylate silane Methacryloxy 248.35 Methacryloxy
1-[3-(Trimethoxysilyl) propyl] urea silane Urea 222.32 Urea
(3-Mercaptopropyl) trimethoxy silane Mercapto 196.34 Mercapto
3-(Chloropropyl) trimethoxy silane Chloro 198.72 Chloro
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Figure 1. Experimental schematic diagram.
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Figure 2. Density by height for each functional group (Top/Middle/
Bottom).
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Figure 3. Glass fiber content in tensile strength sample for each
functional group (Top/Middle/Bottom).
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Table 2. Density and Glass Fiber Content in Tensile Strength Samples for Each Functional Group

PU GF Amino M Amino E Chloro Epoxy Methacryloxy =~ Mercapto Urea
Density (kg/m®) 122 125 127 125 128 127 137 127 117
Glass fiber content (%) - 12.12 9.37 10.73 10.4 9.33 9.24 9.9 11.17
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Figure 4. Specific tensile strength for each functional group.
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Figure 5. Tensile strength against glass fiber content for each func-
tional group.

vRF7 A2 epoxy silane®] 0.1989, mercapto silane®] 0.1934%=
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Table 3. Glass Transition Temperature (7,) for Each Functional Group

PU GF

Amino E Epoxy Mercapto

T, 89.8 C 99.17 C

1043 C 99.29 C 11092 C
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Figure 7. SEM image of glass fiber for fracture of tensile strength
sample: (a) mercapto sizing; (b) glass fiber; (c) amino E sizing; (d)
epoxy sizing (x900).
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