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Abstract In this study, various silane coupling agents were applied to improve the bonding strength between carbon fiber
and epoxy-based resins, and the resulting changes in mechanical strength were examined. In addition, the presence or
absence of sizing removal on the carbon fibers was used as an experimental variable to analyze the effects of the resin.
The bonding strength and tensile strength of carbon fibers varied significantly depending on the presence or absence of
sizing removal and the type of silane coupling agent used. Based on a comprehensive analysis of the experimental results,
3GT and 3TPM were determined to be the most suitable silane coupling agents for improving both adhesion and tensile
strength.
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Fig. 1. Case of improperly manufactured FRP: (a) FRP abnormal molding and (b) Insufficient surface coating due to resin.

Table 1
The Silane coupling agent used in this study

Abbreviation Types of Silane Coupling Agents

3GT 3-(Glycidyloxypropyl)trimethoxysilane
3TPM 3-(trimethoxysilyl)proppyl methacrylate
3AT (3-Aminopropyl)triethoxysilane

3T Trimethoxymethysilane

B3TP Bis-[3-(trimethoxysilyl)propyl]amine
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Table 2
Mixture proportions
Ratio of Resin to Silane Coupling Agent (wt%)
Group Sample name - -
Epoxy Hardener Silane Coupling Agent Sum
CS-Control 47.62 52.38 0
CS-3GT
Sizing Group CS-3TPM
CS-3AT 47.14 51.86 1
CS-3T
CS-B3TP
100
NCS-Control 47.62 52.38 0
NCS-3GT
Non-Sizing Group NCS-3TPM
NCS-3AT 47.14 51.86 1
NCS-3T
NCS-B3TP

Fig. 2. Photos of mechanical properties testing: (a) Bond strength and (b) Tensile strength.
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Rate of
Sample Name | increase in
Strength
1102.63
995.06 1037.09 CS-Control -
907.58 910.42
822.16 CS-3GT 10.8%
CS-3TPM 4.2%
CS-3AT -8.8%
CS-3T 17.4%
CS-B3TP -8.5%
Cs-Control CS-3GT ~ CS-3TPM  CS-3AT  CS-3T  CS-B3TP
(@
Rate of
Sample Name increase in
1184.17 Strength
oisss 'S oppap 101167 NCS-Control -
837.38 ] NCS-3GT -29.3%
NCS-3TPM -20.3%
NCS-3AT -15.0%
NCS-3T -17.9%
L NCS-B3TP -14.6%

NCS-Control NCS-3GT NCS-3TPM  NCS-3AT NCS-3T  NCS-B3TP

(b)

g. 3. Results of bond strength tests: (a) Sizing group and (b) non-sizing group.

NCS-Control NCS-3GT NCS-3TPM  NCS-3AT NCS-3T  NCs-B3TP

(b)

Rate of
Sample Name increase in
2506.92
2316 2427.25 Strength
204311 2001.03 CS-Control -
1762.09
CS-3GT 31.4%
CS-3TPM 37.7%
CS-3AT 15.9%
CS-3T 13.6%
CS-B3TP 42.3%
CS-Control  CS-3GT ~ CS-3TPM  CS-3AT CS-3T  CS-B3TP
(a)
Rate of
Sample Name increase in
Strength
NCS-Control -
1899.64 1844.60
1686.90 NCS-3GT 1.3%
1504.01 1526.93
1391.65
NCS-3TPM -7.5%
NCS-3AT 12.2%
NCS-3T 26.3%
NCS-B3TP 22.6%

4. Results of tensile strength tests: (a) sizing group and (b) non-sizing group.
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