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ABSTRACT

This research is aimed to investigate the organoclay effect on mechanical
behaviors of the fiber/epoxy/organoclay nanocomposites. Tensile, flexure and
fracture behaviors were considered in this study. To demonstrate the
organoclay effect, three different loadings, 2.5, 5 and 7.5 wt% of organoclay
were dispersed in the epoxy resin using mechanical mixer followed by
sonication. The corresponding glass/epoxy nanocomposites were prepared by
impregnating the organoclay epoxy mixture into the dry glass fiber through a
vacuum hand lay-up process. For the tensile behaviors, the coupon specimens
were tested in MTS machine in both longitudinal and transverse directions.
The flexural properties were characterized using three point bending tests. In
addition, the fracture behaviors of the. fiber.composites were determined from
the double cantilever beam:specimens.~ From the tensile tests, it was revealed
that the longitudinal tensile strength decrease as the organoclay loading
increases, on the other hand, the transverse tensile strength as well as the
transverse tensile modulus increases with the increase of the organoclay. SEM
observation on the transverse failure specimens indicates that the enhanced
mechanism is due to the interfacial bonding between the fibers and the
surrounding matrix modified by organoclay. The similar tendency was also
found in the transverse flexural strength of the composites. From the mode |
fracture tests It was indicated that with the increase of the organoclay, the
corresponding fracture toughness of the composites decreases appreciably. In
addition to the unidirectional lamina, the quasi-isotropic laminates with
organoclay were prepared and tested in tension. Experimental results depict

that the strength of the laminates is not affected appreciably by the organoclay.
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o,,[+45] = -0 [-45] (4.2)
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- }]J;E.K_é‘_

o, cos® @ sin® @ 2cosdsing | o,

o, |=| sin*@ cos’d  —2cosfsind | o, (4.3)

o, | |—cos@sing cosfsind cos’H-sin’d| o,

R FEH TG T T e b R

oy, =—sin@cosfo, +sindcosbo, + (cos2 0 —sin’® H)O'Xy (4.4)

LA f A5 R bk B

1
Oy :Eo-x (45)
hAs D 45 R &k
1
Oy =_EGX (46)
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432 kel E-LR0908-14 zh73 5% ‘a/ik % a2 K45 & MR g
e W B R RE G PBAL T EHRA

Organoclay content(wt%) Tensile strength(MPa)
0 A 771
0 B 732
0C 751
0 D 764
0E 779
0F 741
0G 781
0 H 708

25 A 688
25 B 677
25 C 696
25 D 696
25 E 728
5 A 661
5 B 681
5 C 618
5D 673
5 E 675
5 F 693
5 G 677
5H 671
5 | 657
75 A 661
75 B 674
75 C 657
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% 3-3 Fwit E-LR0908-14 #. 13 %
e WP EL By 32 7 EHRA

zzzzzz

;N

LER-CERE ER L E o

Organoclay content| E1_1|E1 2|E1_Average|Tensile strength|Strain_1|Strain_2|Failure strain
(Wt%) (GPa)|(GPa)] (GPa) (MPa)
0 A 38 | 34.6 36.3 771 0.024 | 0.022 0.023
0B 38.8 | 33.9 36.35 732 0.021 | 0.019 0.02
0C 36.3 | 33.8 35.05 763 0.023 | 0.023 0.023
0D 35.2 1324 33.8 778 0.024 | 0.023 0.0235
25 A 39.2 | 38.7 38.95 688 0.017 | 0.015 0.016
25 B 35.4 | 34.5 34.95 677 0.016 | 0.016 0.016
25 C 35.8 | 35.8 35.8 696 0.02 0.02 0.02
5A 40.3 1 38 39.15 661 0.009 | 0.007 0.008
5 B 3841 36 37.2 681 0.017 | 0.017 0.017
5 C 36.4 | 35.7 36.05 618 0.018 | 0.016 0.017
75 A 36.9 | 36.7 36.8 661 0.018 | 0.016 0.017
75 B 35.9 ] 35.6 35.75 674 0.02 | 0.02 0.02
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% 3-4 it E-LR0908-14 i a/Tk 3 #1792 K47 & HAL A flw =
WL R S AR FEHE A

Organoclay content(wt %) Transverse tensile strength(MPa)
0 A 16.78
0 B 14.86
0C 16.95
0D 13.86

25 A 19.2
25 B 19.44
25 C 22.9
25D 22
25 E 22.3
25 F 18.52
5 A 21.44
5B 22.5
5C 23.5
5D 23
5 E 22.9
75 A 27.3
75 B 24.23
75 C 29.12
75 D 25.4
75 E 28.8
75 F 28.5
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%35 ot E-LR0908-14 3735k /T § A% 2 48 & HR A gl e 4.0
HE BB E2 24 #4015 2 4R 2

Organoclay| E2_1 E2 2 |E2 Average|Transverse| Strain_1 | Strain_2 | Failure
content (GPa) (GPa) (GPa) tensile strain
(wWt%) strength
(MPa)
0 A 6.64 6.6 6.62 11.41 0.0017 0.0016 0.00165
0B 6.38 6.14 6.26 16.95 0.0027 0.0026 0.00265
0C 6.54 6.88 6.71 13.86 0.0021 0.0021 0.0021
25 A 9.46 8.33 8.895 22.9 0.0029 0.0027 0.0028
25 B 9.31 8.17 8.74 22 0.0023 0.0027 0.0025
25 C 9.28 8.24 8.76 24 0.0028 0.0026 0.0027
25 D 9.41 8.14 8.775 22.3 0.0022 0.0027 0.00245
5A 10 9.97 9.985 21.1 0.0021 0.002 0.00205
5B 10.2 9.94 10.07 23.5 0.0023 0.0023 0.0023
5 C 10.1 9.75 9.925 22.9 0.0023 0.0023 0.0023
75 B 11.6 10.8 11.2 23.1 0.002 0.0022 0.0021
75 C 11.2 10.3 10.75 25.4 0.0022 0.0025 | 0.00235
75 D 11.3 10.8 11.05 28.8 0.0025 0.0027 0.0026
75 E 11.1 9.7 10.4 28.5 0.003 0.0025 | 0.00275
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% 3-6 w2 E-LR0908-14 L33 % a/%k 5 #75

2 42

L= 82

RErd Wi 5 R4

=
a
e

A AF & HR A[10]5 £
%

Organoclay contenet(wt%)

In-plane shear strength(MPa)

0A 29.33
0B 27.21
0C 27.2

25 A 30.75

25 B 31.53

25 C 32.13

25 D 30.1
5 A 36.63
5B 35.06
5 C 35.68
5 D 34.98
5 E 37.15
5 F 37.1

75 A 39.13

75 B 39.74

75 C 38.86
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% 3-7 it E-LR0908-14 #33 ¥ a/ik s #Pa 2 K4 & H P g
PLPE R R S A EHEA

Organoclay content(wt%) Flexure strength(MPa)
0A 633.1
0B 636
0C 633.6
0D 643.9

25 A 662.8
25 B 611
25 C 659.2
25 D 688.3
5 A 640.3
5B 636.3
5 C 695.7
5D 622.4
75 A 668.5
75 B 673.2
75 C 634.44
75 D 654.2
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% 3-8 F# | E-LR0908-14 sk a/Th s M2 £ S MR afpls i
S S EIRE RS G B FREHE L

Organoclay content(wt%) Transverse flexure strength(MPa)
0 A 37.52
0 B 32.6
0C 32.78
0 D 34.54

25 A 45.26
25 B 43.31
25 C 44.89
25 D 47.96
5 A 48.67
5B 48.72
5 C 51.78
5D 56.02
75 A 49.13
75 B 58.06
75 C 57.17
75 D 46.26
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# 4-1 4 % E-LR0908-14 [+45] s 33 5% /Tk & A1 7 K 4F & #0402 %
= ] bta»l Jf)k‘”\.hj' A.a;/;g L ig AR 4 ¥ BB 4.

Organoclay content (wt %) Dimension(mma3) Pressure(Psi)
0 250%x250x%1.26 9
2.5 250%250%1.28 14
5 250%250x%1.24 22
7.5 250%x250%1.27 29

ﬁiﬁﬁm@ﬁgﬁ?%¢4An%%$

Organoclay content(wt%) In-plane shear strength(MPa)
0 A 28.85
0B 33.05
0C 33.15
0D 33.75

25 A 36.15
25 B 31.25
2 C 35.15
25 5 37.25
5 A 37.25
c B 36.7
. 37.75
5D 38

-5 A 44.15
e 38.75
— 45.05
Py 42.35
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% 4-3 8 & E-LR 0908-14 [90/+45/0] 3 5 5% % /% § 475 3 o 48 & HA ad
WipsRz P WU R BAEE T EHRA

0A 264
0B 263.8

25 A 240.3

25 B 257.1

# 4-4 8 K E-LR 0908-14 [60/15/-75/-30]s L 34 4 &/ ¥ #3753 K 4F & ##2
EEAN L) j‘“ldﬁﬁ;i:ggagjib"i"ﬁ&s;}z é‘fi‘_’ﬂﬁ%"%\

0A 213.9
0B gL, 223.6
25 A 211.4

25 B 206.7
.i'.:}z""" '

% 4-5 8 & E-LR 0908-14 [675/22.5/-67/51-22.5), 3t 5 i /% & #*3 2 4 4#
EH W R #ﬂﬂﬁﬁ§*4%44Aﬂﬁ%%

0A 242.8

0B 232.2
25 A 218.9
25 B 225.4




% 4-6 6 & E-LR 0908-14 [90/+30]s s 33 5k S/Tk § #1752 K 47 & Ml &
PR P W MG RS ALY FRHRA

Organoclay content(wt%) Tensile strength(MPa)
0 A 227
0 B 241
0C 225
0D 228
5A 203
5 B 216
5 C 237
5D 236

% 51 o 1 E-LR 0908-1474 75 5 I § #1755 448 & ML ffd & Pt
Bir ik ol n Bk B a2 s Eume

T~

0_A 1.68,1.75,1.94,1.82,1.77 1.78
0_B 2.01,1.96,2.02,2.02,1.99 2
2.5_A 1.84,1.84,1.8,1.83,1.86 1.84
2.5_B 1.54,1.61,1.75,1.76,1.69,1.8 1.69
5 A 1.26,1.18,1.21,1.31,1.29 1.25
5 B 1.08,1.1,1.04,1.17,1.31,1.2,1.4 1.19
7.5_A 0.9,0.91,0.98,1.1,0.99 0.98
7.5 B 1.18,1.21,1.26,1.29,1.19,1.2,1.1,1.1,1.1 1.18

45




140 50
120 F 45
4 40
O\L_)’ 100 F 4 35 ;-(7?
() -
2 g0} 0%
= 125 3
s 60 b e e e e e - — —
3 08
g 40 F 1 15 a
_— 10
20 + Temprature
— -Pressure S
0 [ [ T 0
0 0.5 3.5 3.9 6.9

Time(Hour)

B 2.1 E-LR0908-14 3 s a/m 5 A% 2 £ 4F & M 2 H IV E 4R

B 2.2 % w2 E-LRO0908-14 73y s /5 ¥ #% 2 K 4F & Ml 2 h Al 7
T ]

46



20cm 10cm

| ]

< > —_—> [—

18mm 1.45mm
Bl 31 i Fskz &5 R R

800
700
600

(o
o
o

400
300
200
100

O [] [] [] []
0 100 200 300 400 500
Time(Sec)

Stress(MPa)

Bl 3.2 E-LRO0908-14 i3 5k /T ¥ H'g B SLAF £ HH A2 m 2 W 32
B S MR SRR

47



800
700
600

a
o
o

400
300
200
100
0 N N )
0 100 200 300 400
Time(Sec)
i) 3.3 z’]‘ et E L 25%7% #3k2 7 £ 2 E-LRO0908-14 L33 4k a/tk 3 #f
PR KA E M AR e PV ERY W Y HERE Y SR

Stress(MPa)

800
700 F
600 F
500
400

Stress(MPa)

300
200 F
100 F

0 [ [ [
0 100 200 300 400
Time(Sec)
B34 Gt £ 5 5%7 a2 § £2 E-LRO0908-14 pLi s e/ ¥ #1y
AR E M ERRS o VR 2V S HEEE 4 SF

48



800
700
600

a
o
o

400
300
200
100

Stress(MPa)

0 100 200 300 400
Time(Sec)

B 3.5 7 et € 5 7.5%7F A2 7 £ 2 E-LR0908-14 33 & /3% 3 KF

oz KA E A ERE S v B W R4 HEFEE Y RE
s r'\-;.r"fj'l ".IL.‘-‘I:‘-".‘.:'.!
900 -
ik B — o
soo b 76 A Sipgp Y 3
o ) il
S 700 N 'f_;.'.h ‘H:-\. ¥ 668 664
2 ne
< 600 }
2 500 |
Qo
= 400 |
2 300 }
wn
& 200 F
|_
100 }
O [ [ [
0 25 5 75

Organoclay loading(wt%)

36 19457k apd 7 AR w20 B2 3 KA & HALE
B e W s R R R

49



N
o

W W
o o O
T T T

Stress(MPa)
N N
o

15 F
10 F i
s} 7
0 !/J/l 1 1 1 1 1
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
Strain
B 3.7 E-LR0908-14 33y 4 /5 § #H% @ 54F & MLm= v oo 3

Bt BV et HER Y SUE

o
T

Stress(MPa)
N N W
(6]

=
o O
T T

H
o
L

N
N

\

0 0.0005 0.001
Strain

il 3.8 T At £ 5 25%7 #4k2 7 £ 2 E-LRO0908-14 L33 & /% ¥ A&

PR A E MR RRAS e PR 2V G HE T REY AF

50



@ 3.9
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Three Point Bending Tests
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