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Effect of Nanoparticles on Mechanical Performance
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Abstract

This research aims to investigate nanoparticles effect on mechanical
behaviors of epoxy matrix. Mechanical tests including tensile, flexure and
fracture toughness experiments were conducted on the sample with
alumina, silica and rubber nanoparticles.

Based on the experimental observations, it was found that the tensile,
flexural and fracture behaviors of the particulate composites were not
affected by the particle sizes.

The fracture toughness of epoxy resin can be improved significantly
by the inclusion of rubber particles. In addition, it was found the
reduction of the stiffness caused by the rubber particles can be
compensated by the silica nanoparticles

SEM observations on the fracture surface of rubber particle
reinforced composites indicated that the increment of fracture toughness
in the composites could be due to the formation of plastic deformation as
well as the particle debonding and cavitations which can dissipate

fracture energy dramatically.
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o F R F AR AR EERBITGE > BT

32



sE4 % @ § 4 R dr4)(Crack pinning) B e #417; % > S § e
(Debonding)fr3t i (Void) IR % 4138 o B]3-24 5 300nmz &L 3 & &
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203-1 § C4RAF & ML ¥ ORIR S S el 4

Pure 1 76.81 3.21
Pure 2 81.00 3.20
Pure 3 81.25 3.03
Pure 4 79.89 3.55
Pure 5 80.89 3.36
20nm_1 70.72 3.31
20nm_2 80.38 3.40
20nm_3 80.33 3.36
20nm_4 75.09 3.28
20nm_5 77.04 3.41
100nm_1 77.20 3.38
100nm_2 71.73 3.38
100nm_3 80.74 3.31
100nm_4 78.05 3.41
100nm_5 78.16 3.42
100nm_6 77.47 3.38
300nm_1 82.16 3.25
300nm_2 81.15 3.27
300nm_3 73.11 3.30
300nm_4 77.38 3.31
Sum_1 81.52 3.16
Sum_2 81.93 3.28
Sum 3 80.63 3.29
Sum 4 79.49 3.28

Sum 5 80.70 3.34
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%032 F ARAT & M 0 k2 T oY L ol £ £

Pure 3.25+£0.26 -
20nm 3.35+0.07 2.83%
100nm 3.38+0.06 3.61%
300nm 3.28+£0.03 0.72%

Sum 3.27+£0.09 0.39%

£33 F e AT RE N Rk TP E B AR E R

Pure 79.74 £2.22 -
20nm 76.71 +4.83 -3.94%
100nm 77.23 £4.50 -3.25%
300nm 78.45 +4.53 -1.64%

Sum 80.86 £ 1.22 1.38%




%34 2 3 R HIRAE &M Rk iy

Pure 1 76.81 3.21
Pure 2 81.00 3.20
Pure 3 81.25 3.03
Pure 4 79.89 3.55
Pure 5 80.89 3.36
Silica(10wt%) 1 72.72 3.83
Silica(10wt%) 2 80.24 3.61
Silica(10wt%) 3 88.57 3.71
Silica(10wt%) 4 75.17 3.71
Silica(10wt%) 5 83.50 -
Silica(20wt%) 1 62.76 3.93
Silica(20wt%) 2 51.51 3.99
Silica(20wt%) 3 63.13 4.06
Silica(20wt%) 4 54.64 3.87
Silica(20wt%) 5 56.22 3.81
ATBN(10wt%) 1 67.13 2.55
ATBN(10wt%) 2 64.16 2.62
ATBN(10wt%) 3 67.00 2.65
CTBN(10wt%) 1 64.01 2.63
CTBN(10wt%) 2 64.42 2.64
CTBN(10wt%) 3 64.86 2.61
CSR(10wt%) 1 56.09 2.71
CSR(10wt%) 2 61.56 2.72

CSR(10wt%) 3 57.49 2.75

43



335 - F ool SRR & HEE N R% % B 4

Pure 1 76.81 3.21

Pure 2 81.00 3.20

Pure 3 81.25 3.03

Pure 4 79.89 3.55

Pure 5 80.89 3.36
Silica(10wt%)+ATBN(10wt%) 1 67.79 2.81
Silica(10wt%)+ATBN(10wt%) 2 67.78 2.83
Silica(10wt%)+ATBN(10wt%) 3 68.97 2.75
Silica(10wt%)+CTBN(10wt%) 120 1 67.92 2.82
Silica(10wt%)+CTBN(10wt%) 120 2 65.45 2.74
Silica(10wt%)+CTBN(10wt%) 120 3 66.01 2.85
Silica(10wt%)+CTBN(10wt%) 80 1 77.29 3.13
Silica(10wt%)+CTBN(10wt%) 80 2 77.92 3.17
Silica(10wt%)+CTBN(10wt%) 80 3 75.33 3.23
Silica(10wt%)+CSR(10wt%) 1 59.57 2.96
Silica(10wt%)+CSR(10wt%) 2 58.17 2.93
Silica(10wt%)+CSR(10wt%) 3 59.28 3.03

236 F 8 /BB EARAT & MR R 2 T 0 S
i¥
Pure 3.25+0.11 -
Silica(10wt%) 3.72+£0.11 14.46%
Silica(20wt%) 3.93+0.13 20.92%
ATBN(10wt%) 2.61 £0.05 -19.79%
CTNB(10wt%) 2.63+0.02 -19.08%
CSR(10wt%) 2.73 £0.02 -16.00%
Silica(10wt%)+ATBN(10wt%) 2.80£0.04 -13.95%
Silica(10wt%)+CTBN(10wt%) 120 2.80£0.06 -13.78%
Silica(10wt%)+CTBN(10wt%) 80 3.18+0.05 -2.30%

Silica(10wt%)+CSR(10wt%) 2.97+0.05 -8.62%
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%37 2 F BRI/ EATRAT £ M0 Rk T 0 W 5 R
_;;‘yi

el

Pure 79.74 £2.22 -

Silica(10wt%) 80.04 £7.92 0.38%
Silica(20wt%) 57.65 £ 5.81 -28.96%
ATBN(10wt%) 66.10 +£1.49 -17.11%
CTNB(10wt%) 64.43 +£0.43 -19.20%
CSR(10wt%) 58.38 £2.74 -26.79%
Silica(10wt%)+ATBN(10wt%) 68.18 £ 0.60 -14.50%
Silica(10wt%)+CTBN(10wt%) 120 66.46 + 1.24 -16.66%
Silica(10wt%)+CTBN(10wt%) 80 76.85+1.30 -3.63%
Silica(10%)+CSR(10wt%) 59.01 +£0.70 -26.00%

% 3-8 4F & MR Y L A7 AL 321 F[10,23]

Elasticity(Gpa) 3.16 380
Density(g/cm’) 1.14 3.97
Possion's ratio 0.35 0.22

% 39 § i“4pAf & PR T 354 il Mori-Tanaka % 4t & 4

5 1.41 3.32 3.34




% 3-10 § 14847 £ MR g R X i A

Pure 1 3.08 133.02
Pure 2 3.07 131.20
Pure 3 3.02 128.49
Pure 4 3.00 128.06
20nm_1 3.34 129.87
20nm_2 3.34 130.00
20nm_3 3.33 130.59
100nm_1 3.23 129.64
100nm_2 3.35 132.84
100nm_3 3.15 127.93
300nm_1 3.20 128.09
300nm 2 3.20 128.09
300nm_3 3.03 124.13
Sum 1 3.34 131.16
Sum 2 3.38 132.36
Sum 3 3.26 132.29

%0311 § 4EAF SR Rk T R F £

Pure 3.04 £0.04 -
20nm 3.34 +£ 0.005 8.82%
100nm 3.25+0.10 6.25%
300nm 3.14 £ 0.09 3.11%

Sum 3.33+£0.06 9.53%
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2312 §F R S MY BRI R EE

Pure 130.19 +£2.48 -
20nm 130.15+0.36 -0.03%
100nm 130.14 £ 2.45 -0.04%
300nm 126.77 £ 1.98 -2.70%

Sum 131.94 £ 0.60 1.43%
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% 3-13 § Y4847 & MR B RR B 5 B £

Pure 1 0.80 0.17
Pure 2 0.85 0.20
Pure 3 0.85 0.20
Pure 4 0.82 0.18
20nm_1 1.07 0.30
20nm_2 1.10 0.32
20nm_3 1.04 0.29
20nm_4 0.93 0.23
20nm 5 1.03 0.28
100nm_1 1.00 0.26
100nm_2 0.92 0.22
100nm_3 1.06 0.29
100nm_4 1.12 0.33
100nm_5 1.12 0.33
300nm_1 1.06 0.30
300nm_2 1.13 0.34
300nm_3 1.05 0.30
300nm_4 1.16 0.36
300nm_5 1.03 0.29
Sum_1 1.28 0.44
Sum_2 1.11 0.33
Sum 3 1.20 0.39
S5um 4 1.05 0.30
Sum_ 5 0.99 0.27

Sum_6 0.96 0.25
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%314 § Y EHPER R L E%RL THBRZy RN FE

Pure 0.83 +0.02 - 0.19+£0.01 -
20nm 1.04 + 0.09 20.13% 0.28 +£0.05 47.36%
100nm 1.04 +£0.10 20.83% 0.29 = 0.06 52.63%
300nm 1.09 £ 0.07 24.04% 0.32+0.04 68.42%

Sum 1.10+0.16 24.82% 0.33+£0.10 73.68%
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% 3-15 = § F/HIRAE & WO AU e 1R 5 B

Pure 1 0.80 0.17
Pure 2 0.85 0.20

Pure 3 0.85 0.20

Pure 4 0.82 0.18
Silica(10wt%) 1 1.18 0.33
Silica(10wt%) 2 1.08 0.28
Silica(10wt%) 3 1.15 0.31
Silica(10wt%) 4 0.88 0.18
Silica(10wt%) 5 1.15 0.31
Silica(20%)_1 1.24 0.35
Silica(20%) 2 1.12 0.28
Silica(20%) 3 1.30 0.38
Silica(20%) 4 1.26 0.36
Silica(20%) 5 1.26 0.36
Silica(20%) 6 1.26 0.36
CTBN(10wt%) 1 1.84 1.14
CTBN(10wt%) 2 1.98 1.31
CTBN(10wt%) 3 1.80 1.09
CTBN(10wt%) 4 1.97 1.31
CTBN(10wt%) 5 1.70 0.98
CTBN(10wt%)_6 1.90 1.22
CSR(10wt%) 1 2.04 1.35
CSR(10wt%) 2 2.08 1.40
CSR(10wt%) 3 2.17 1.53
CSR(10wt%) 4 2.14 1.49
CSR(10wt%) 5 2.06 1.38

CSR(10wt%) 6 2.08 1.40
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20316 = § 8 fo RO B E AR & HRL R B 1 3R 5 AR chh

Pure 1 0.80 0.17
Pure 2 0.85 0.20

Pure 3 0.85 0.20

Pure 4 0.82 0.18
Silica(10wt%)+CTBN(10wt%) 1 1.89 1.00
Silica(10wt%)+CTBN(10wt%) 2 1.87 0.98
Silica(10wt%)+CTBN(10wt%) 3 1.80 0.92
Silica(10wt%)+CTBN(10wt%) 4 1.83 0.94
Silica(10wt%)+CTBN(10wt%) 5 1.80 0.91
Silica(10wt%)+CTBN(10wt%) 6 1.72 0.83
Silica(10wt%)+CSR(10wt%) 1 1.97 1.01
Silica(10wt%)+CSR(10wt%) 2 2.06 111
Silica(10wt%)+CSR(10wt%) 3 1.83 0.87
Silica(10wt%)+CSR(10wt%) 4 2.06 1.10
Silica(10Wt%)+CSR(10wt%) 5 2.01 1.05

% 3-17 = § U F RSB/ EEA A & PR L% T EE R

Pure 0.83 - 0.19+0.01 -
Silica(10wt%) 1.09+£0.15 30.98% 0.28+0.08 47.37%
Silica(20%) 1.24+0.09 49.40% 0.35+0.05 84.21%
CTBN(10wt%) 1.87+£0.14 124.85% 1.17+£0.17 515.79%
CSR(10wt%) 2.10+0.07 152.58% 1.42+0.09 647.37%

Silica(10wt%)+CTBN(10wt%) 1.82 +£ 0.09 119.00% 0.93 £0.09 389.47%
Silica(10wt%)+CSR(10wt%) 1.98 +0.12 138.55% 1.03+0.12 442.11%
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Tensile strength(MPa)
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