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APPENDICES

Appendix A Calculations

Al Percent weight loss of sisal fibers after NaOH treatment
About 1 g of sisal fibers were dried at 110 °c for 2 h and weight
immediately. Fibers were immersed in the NaOH solutions, concentration of 2, 4, and
6 percent by weight (wt%), at room temperature for 1,5, and 24 h. Amount of fibers
in each condition is about 1 ¢. The treated fibers were rinsed several times by
distilled water until neutral. Then fibers were dried in an oven for 2 h at 110°c and
then weight immediately.

%weight loss = (weight of untreated fibers - weight of treated fibers) X 100
weight of untreated fibers

A2 Tensile strength of fibers
Tensile tests of single sisal fibers were carried out using Lloyd universal
testing machine, LRX. A gage length of 50 mm was employed with a crosshead
speed of 10 mm/min in accordance with ASTM C1557-03. Twenty single fibers of
15 cm were tested. The cross-sectional area of fibers was determined by SEM.

T = FIA
where:
T — tensile strength, Pa
F = force to failure, N, and
A = fiber cross-sectional area at fracture plane, m2



Appendix B Experimental Data

Table B1 Percent weight loss of sisal fibers after 2% NaOH treatment

Sample Weight of fiber (g)

weight of untreated fibers

weight of treated fibers
%weight loss

weight of untreated fibers

Il weight of treated fibers
%weight loss

Average %weight loss average

Treatment Time (hours)

1
1.8326
1.7100
6.69
1.8512
1.7224
6.96
6.82

5
1.8574
1.7248

1.14
1.8786
1.7392

1.42

1.28

24
1.8549
1.7196

1.29
1.8631
1.7028

8.60

1.95

Table B2 Percent weight loss of sisal fibers after 4% NaOH treatment

Sample Weight of fiber (g)
weight of untreated fibers
weight of treated fibers
%weight loss
weight of untreated fibers
n weight of treated fibers
%weight loss
Average %weight loss average

Treatment Time (hours)

t
1.8692
17112
8.45
1.8608
1.7054
8.35
8.40

5
1.8685
1.7035

8.83
1.8911
1.6989
10.16

9.50

24
1.9462
1.7529

9.93
1.9556
1.7391

11.07

10.50



Table B3 Percentweight loss of sisal fibers after 6% NaOH treatment

Sample Weight of fiber (g)
weight of untreated fibers
weight of treated fibers
%weight loss
weight of untreated fibers
n weight of treated fibers
Y%weight loss
Average %weight loss average

Treatment Time (hours)

|
1.8397
1.6545
10.07
1.8443
1.6493
10.57
10.32

5
19191
1.7089

10.95
1.9297
1.6959
12.12

11.54

24
1.8713
16171

13.58
1.8609
1.6039

13.81

13.70



Table B4 Water contact angle of untreated and y-APS treated sisal fibers

0.0
0.1
0.2
0.3
04
0.5
0.6
0.7
08
0.9
1.0
11
1.2
13
14
1.5
1.6
17
1.8
1.9
2.0

Untreated

61.7
59.5
59.1
55.8
53.6
48.3

11.6

8.1

51

0.1%y-APS

123
10.6
69.1
67.4
66.2
64.8
64.2
63.6
62.1
60.8
58.6
58.3
56.6
52.6

0.5%y-APS

82.8
81.2
19.6
18.6
6.8
75.0
=
73.1
12.4
1.6
0.8
69.5
67.8
66.7
65.5
64.5
63.6
63.9
58.5

NaOH/
0.1% y-APS
69.0
68.0
67.6
66.0
65.4
64.6
64.0
63.0
62.2
61.1
60.5
59.8
58.8
57.6
57.2
56.8
55.5

NaOH/
0.5%y-APS
89.4
§7.2
86.5
85.3
85.3
85.0
85.0
84.1
84.5
84.5
84.2
84.2
84.0
83.8
83.5
83.3
83.2
83.0
82.8
82.3
82.2

49



Table B5 water contact angle of untreated and y-GPS treated sisal fibers

me Untreated  0.1%y-GPS  0.5%y-GPS NaOH/ NaOH!
() 0.1% y-GPS  0.5%y-GPS
0.0 61.7 72.0 .1 8.3 78.58
0.1 59.5 69.7 75.6 1.8 173
0.2 59.1 67.9 74.5 7.4 76.9
0.3 55.8 66.1 71.8 77.0 16.7
0.4 53.6 65.3 68.8 76.3 76.1
0.5 48.3 63.1 67.1 76.2 755
0.6 - 61.2 64.5 75.0 753
0.7 - 59.4 65.5 4.1 743
0.8 11.6 59.0 63.7 74.0 74.0
0.9 - 58.5 63.4 73.8 73.2
1.0 - 1.7 62.7 713.6 12.1
1.1 - 574 62.1 12.7 12.2
1.2 8.1 56.7 61.0 12.5 718
1.3 - 57.1 71.6 713
14 - - - 70.8 70.1
15 5.1 - - 69.0 69.3
1.6 - - - 68.3 67.9
1.7 - - - 66.7 66.8
1.8 - - - 64.2 - 65.9
1.9 - - - - 64.4

2.0 - - - 62.5
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Table B6 Tensile strength of sisal-benzoxazine/epoxy composites at different fiber

volume fraction

Tensile strength of sisal-benzoxazine/epoxy composites (MPa)

Sample : : . :
0% vol. fiber 5% vol. fiber ~ 10% vol. fiber  15% vol. fiber

26.1 23.6 347 65.3
n 18.7 23.9 55.2 575
n 30.1 24.0 53.3 48.6
\ 171 24.1 39.0 755
V 26.9 30.9 40.8 69.5
Average 23.1 25.3 44.6 63.3
S.D. 5.6 3.1 9.1 105

Table B7 Young’s modulus of sisal-benzoxazine/epoxy composites at different fiber
volume fraction

Young’s modulus of sisal-henzoxazine/epoxy composites (MPa)

Sample : . . :
0% vol. fiber 5% vol. fiber  10% vol. fiber  15% vol. fiber

| 4324.0 9439.1 §789.4 14259.7
3280.3 8389.9 9759.3 142775

In 6087.1 7564.2 6694.7 12327.1
IV . 6209.8 1449.7 9876.2 12116.6

V 5268.5 5438.1 10783.2 11029.0
Average 5033.9 7656.2 9180.5 12802.0

S.D. 1237.6 1473.8 1558.8 1426.6
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Table B8 Flexural strength of sisal-benzoxazine/epoxy composites at different fiber

volume fraction

Flexural strength of sisal-benzoxazine/epoxy composites (MPa)

Sample _ . : :
0% vol. fiber 5% vol. fiber ~ 10% vol. fiber ~ 15% vol. fiber
I 58.7 57.2 65.0 82.3
n 70.5 4.7 64.3 76.3
in 13.1 67.2 10.7 66.3
\Y 74.8 64.5 117 2.9
V 76.6 87.9 91.0 85.4
Average 0.8 70.3 2.6 76.6
S.D. 11 11.7 10.8 1.6

Table B9 Flexural modulus of sisal-benzoxazine/epoxy composites at different fiber
volume fraction

Flexural modulus of sisal-benzoxazine/epoxy composites (MPa)

SRl Vol fiber 5% vol. fiber  10% vol. fiber  15% vol. fiber
| 17149 17652 2827 3 28817
I 18772 1838.4 548 4 28937
f 1858.9 18358 23409 2685.0
v 11829 1804.0 2478.9 3411
v 18245 18795 24314 33482
Average 1691.7 1824.6 2525.4 3049.9

S.D. 2913 42.1 184.9 321.1
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Table 1o Impact strength of sisal-benzoxazine/epoxy composites at different fiber

volume fraction

Impact strength of sisal-benzoxazine/epoxy composites (MPa)

Sample . : : .
0% vol. fiber 5% vol. fiber  10% vol. fiber  15% vol. fiber

| 36.8 69.1 157.3 2153
n 28.5 56.4 1713 242.8
ffl 22.4 65.2 155.3 196.1
\Y 28.1 65.4 1454 248.5
Vv 16.4 12.9 163.2 254.8
Average 26.4 65.8 158.5 2315
S.D. 1.6 6.1 9.6 24.9

Table BIl Tensile strength of sisal-benzoxazine/epoxy composites at different
matrix composition

Tensile strength of sisal-benzoxazine/epoxy composites (MPa)

Sample
25%w epoxy  50% epoxy  T75%w epoxy  100%W epoxy

I 44.7 347 65.4 51.3

N 35.2 55.2 59.9 46.0

m 341 533 54.1 54.1

\Y . 493 39.0 52.3 53.6

V 51.6 40.8 53.8 419
Average 43.0 44.6 57.1 49.4

S.D. 8.0 9.1 5.4 5.3
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Table B12 Young’s modulus of sisal-benzoxazine/epoxy composites at different

matrix composition

Young’s modulus of sisal-benzoxazine/epoxy composites (MPa)

Sample
25%w epoxy  50% epoxy  75%w epoxy  100%w epoxy
I 11217.6 8789.4 5998.7 5185.9
n 8200.5 9759.3 5911.3 6705.9
in 8082.8 6694.7 9469.9 5770.4
\Y 115134 9876.2 5083.0 5562.9
V 12146.4 10783.2 6485.5 5329.4
Average 10232.1 9180.5 6589.7 5710.9
S.D. 1938.0 1558.8 1687.1 599.3

Table B13 Flexural strength of sisal- benzoxazine/epoxy composites at different
matrix composition

Flexural strength of sisal-henzoxazine/epoxy composites (MPa)

Sample
25%w epoxy  50%w epoxy  75%w epoxy  100%Ww epoxy

I 60.4 65.0 93.6 102.3
93.9 64.3 112.5 99.8
in 51.4 0.7 96.6 104.3
\% 59.9 117 90.7 109.6
V 59.6 91.0 85.2 105.9
Average 65.0 12.6 95.7 104.4

S.D. 16.6 10.8 10.3 3.7
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Table B14 Flexural modulus of sisal- benzoxazine/epoxy composites at different
matrix composition

Flexural modulus of sisal-benzoxazine/epoxy composites (MPa)

Sample
25%w epoxy  50%w epoxy  75%w epoxy  100%w epoxy

I 2876.9 28217.3 2318.1 2503.1
n 2953.2 2548.4 2504.9 1696.1
in 2715.0 2340.9 2564.4 1796.2
\Y 3607.7 2478.9 2521.2 2610.9
V 2862.5 2431.4 2524.6 2602.4
Average 3003.1 25254 2486.6 2241.7
S.D. 348.8 184.9 96.7 455.8

Table B15 %Tensile strain at break of sisal- benzoxazine/epoxy composites at
different matrix composition

%Tensile strain at break of sisal-benzoxazine/epoxy composites

Sample
25%w epoxy — 50%w epoxy  T75%w epoxy  100%Ww epoxy

I 0.711 0.725 1.436 1.302
0.859 1.087 0.846 1.195
m 0.765 1.114 0.819 1.195
Y 0.752 0.765 1.235 1.007
Vv 0.805 . 0832 1.007 0.859
Average 0.778 0.905 1.069 1.112

S.D. 0.056 0.183 0.264 0.177
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Table B16 Toughness of sisal- benzoxazinelepoxy composites at different matrix

composition
Sample Toughness of sisal-benzoxazine/epoxy composites (MPa)
25%w epoxy  50%w epoxy  75%w epoxy  1o0%Ww epoxy

| 0.094 0.131 0.246 0.287

n 0.193 0.117 0.336 0.352

ffl 0.085 0.193 0.227 0.298

\Y 0.094 0.14 0.206 0.281

V 0.134 0.221 0.182 0.365
Average 0.120 0.160 0.239 0.317
S.D. 0.045 0.044 0.059 0.039

Table B17 Tensile strength of sisal- benzoxazine/epoxy composites with different
fiber surface modifications

Fiber Tensile strength of sisal- benzoxazine/epoxy composites (MPa)
treatment | N m \Y V' Average SD.
Untreated 34.7 55.2 53.3 39.0 40.8 44.6 91

NaOH 44.2 48.7 42.4 29.4 36.4 40.2 15

y-APS 33.6 45.0 339 49.6 38.4 40.1 1.0

NaOH/y-APS 475 21.2 46.1 29.3 479 B4 123
y-GPS 373 498 510 437 436 451 5b
NaOH/y-GPS  56.2 41,1 39.0 41.2 5.4 1 479 19
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Table B18 Young’s modulus of sisal- benzoxazinelepoxy com posites with different
fiber surface modifications

Fiber Young’s modulus of sisal- benzoxazine/epoxy composites (MPa)
treatment | N n \; V. Average  SD.
Untreated 87894 97593 66947  9876.2 10783.2 91805  1558.8

NaOH 128782 87041  11977.1 210719 142540 137770 45614

y-APS 12120 232222 71070 87845 104227 11349.7 67734
NaOH/y-APS 120715 139024 101936 10989.8 9326.2 11296.7 1773.7
y-GPS 103169 87381 107251 83160  8495.6 93183 11174
NaOH/y-GPS ~ 8047.8 71680  8029.7 65958  7531.6 74746 6137

Table B19 Flexural strength of sisal- benzoxazine/epoxy composites with different
fiber surface modifications

Fiber Flexural strength of sisal- benzoxazine/epoxy composites (MPa)
treatment | In IV V. Average SD.
Untreated 65.0 64.3 70.7 L7 91.0 72,6 10.8

NaOH 68.1 76.0 90.7 88.0 84.1 814 9.3

y-APS 63.1 88.2 68.5 80.3 81.8 764 102
NaOH/y-APS 725 94.6 76.5 64.4 121 760 113
y-GPS 12.0 75.0 64.9 76.3 3.8 124 4.4
NaOH/y-GPS 807 111.8 81.8 14.6 84.3 86.6 145
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Table B20 Flexural modulus of sisal- benzoxazine/epoxy composites with different

fiber surface modifications

Fiber Flexural modulus of sisal- benzoxazine/epoxy composites (MPa)
treatment | N n \; V. Average SD.
Untreated ~ 2827.3 25484 23409 24789 24314 25264 1849

NaOH 20334 26260 3091.6  2530.6 23452 27054 3032

y-APS 2545.9 26437 31341 24661 23901  2636.0 2939
NaOH/y-APS ~ 2498.9  2696.1 24947 26383 23159 25288 1478
y-GPS 20382 29348  2579.0  2537.0 27388 27455 1899
NaOH/y-GPS 24343 28939  2655.9  2869.7  2958.4 21624 2157

Table B21 Impact strength of sisal- benzoxazine/epoxy composites with different
fiber surface modifications

Fiber Impact strength of sisal- benzoxazine/epoxy composites (MPa)
treatment | ffl \Y V Average  S.D.
Untreated 1573 1713 153 1454 1632 1585 96

NaOH 67.8 70.1 67.3 718 135 70.1 2.6

y-APS 1093  1H1 1136 1096 1167 1169 106
NaOH/y-APS 959 56 a7 61.3 50.7 62.2 19.6
y-GPS 94.7 66.8 105.2 70.1 129.7 933 26,0
NaOH/y-GPS 365 66.1 46.8 55.6 67.9 54.6 132



Table B22 Tensile strength of sisal fibers after NaOH treatment for 1h

Tensile strength of sisal fibers (MPa)

M Gnreed  2%NaOH  4%NaiOH s % NeOH
| 1640 U7 2296 1913
2 5148 138 3.9 1967
3 5203 16 290.0 2890
4 505.1 5.8 2490 313
5 1829 3342 2747 %681
; 5554 2392 3756 71
7 512.0 %22 3388 2159
; 1721 3718 3336 3238
9 125 2798 3123 286.7
i 1460 2335 2414 312
Average my 319, 298.9 2781
SD. 300 5.8 196 505

Table B23 Tensile strength of sisal fibers after 6% NaOH treatment

Sample Tensile strength of sisal fibers (MPa)

Untreated 1 h treatment 5htreatment 24 htreatment
1 464.0 191.3 3389 238.9
2 5148 196.7 225.4 190.8
3 520.3 289.0 162.2 248.4
4 505.1 331.3 187.0 248.4
5 482.9 268.1 1735 264.3
6 555.4 347.1 193.6 211.0
1 512.0 215.9 2415 210.8
B 472.1 3238 292.0 241.6
9 425.2 286.7 354.5 207.8
10 446.0 331.2 267.0 278.4
Average 446.2 218.1 243.6 240.0

SD. 39.0 58.5 68.2 288



Table B24 Tensile strength of untreated and modified sisal fibers

Sample

O © g <@ o1 &~ W N

10
Average
S.D.

Untreated

464.0
514.8
520.3
505.1
482.9
555.4
512.0
412.1
425.2
446.0
446.2
39.0

Tensile strength of sisal fibers (MPa)

NaOH

338.9
2254
162.2
187.0
1735
193.6
2415
292.0
354.5
267.0
243.6
68.2

y-APS

258.4
202.8
224.5
335.5
218.1
2125
291.3
225.2
249.2
225.6
223.5
42.0

NaOH/

y-GPS
1731
2779
160.7
197.0
1578
1930
2123
1710
1846
160.9
1726
36.0

y-GPS

503.1
329.0
494.8
503.8
487.2
566.4
452.7
477.0
401.7
623.4
440.8

80.9

NaOH/
y-GPS
378.6
314.9
340.2
325.2
298.6
3513
266.8
330.1
275.2
346.1
294.3
34.8

60
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