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Program Materials Engineering
Thesis Advisor Assistant Professor Warunee Ariyawiriyanan, D. Eng.
Acaddemic Year 2014
ABSTRACT

Optimal conditions for jute fiber surface treatment, durability and properties of rubbers
composite have been investigated in order to prepare green filled rubber composite. In this study,
NaOH solution and HANR latex were used as surface cleaning agent and coupling agent,
respectively.

Three method of surface treatments of fiber were carried out in the presence of NaOH
solution, HANR latex with various dry rubber content (%DRC) and NaOH solution together with
HANR (NaOH/HANR). For fiber samples treated with HANR and NaOH/HANR, thickness of latex
coated layer was controlled by variation of dipping times and %DRC.

It was found that the thickness of latex layer coated using HANR with 10-50 %DRC
were not affected by the dipping times while this is not the case for HANR with 60%DRC. The
fibers treated using HANR with higher %DRC provided higher durability than those treated using
NaOH solution and NaOH/HANR. The mechanical properties fibers were examined. Only higher
elongation was obtained from treated fibers with an increase of %DRC. The tenacity of all treated
fibers was lower than that of the untreated fibers. Therefore, the treated fibers used as reinforced
agent for NR were selected using NaOH/HANR with 10%DRC. SEM micrographs revealed that
spaces between fibers treated and natural rubber was much closer than that of untreated fibers. This
was due to miscibility between latex coated layer and rubber matrix leading to an increasing of
rubber-filler interaction. This was consistent with swelling index result. At 10 phr, the tensile
strength obtained from composite reinforced using treated jute fibers were higher than that of

untreated jute fibers twice.

Keywords : green composite, jute fiber, natural rubber, durability, surface treatment
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M99 2.1 Megnautiamantveudulesisuena [24]

., GBI NG
wule -
wwaglad (%) telwaglad (%) aniu (%)  uIn (%) ANUNTU (%)

the 82.7 5.7 - - 1.0
wznin 32-43 0.15-0.25 40-45 - -
onszn 64.4 12 11.8 0.7 1.1
atu 64.1 16.7 2.0 1.5-3.3 3.9
T 68 15 10 0.8 -
Youn 31-72 20.3-21.5 8-19 - -
Yussnseal 60-78 10.0-14.2 8.0-14 2.0 10-22
duizsa 70-83 - 5-12.7 - 11.8
naY 56-63 20-25 7-9 3 -
1w 73.8 12.49 10.15 3.16 -

M3190 2.2 GT’JEJ‘EJ'N’diJUWa‘V]NﬂWEJﬂ1W"UENL€Zf}uGlEJﬁi§1]°ma [24]

FUUAN NI IN
idule Density Elongation Tensile Strength Young’s Modulus

(g/cm3) (%) (MPa) (GPa)
the 1.6 7-8 400 5-12
wgnin 1.2 30 593 4-6
onszan 1.3 1.5-1.8 393-773 26
atiu 1.5 2.7-3.2 500-1500 27
T 1.47 2-4 690 70
Younn 1.45 1.6 930 53
Tussseal 1.5 2.2.5 511-635 9-22
duiesa 1.4 0.8-1 413-1627 34-82
naY 1.35 1-3.5 529-759 8
it 0.91 1.4 503 35.91

24



% tg a v .
2.3 msaanilsnuRveudule (Fiber treatment) [10]
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2.3.1 M3aa)smaall (Chemical method)
23.1.1 ms¥dan lariiwdu (Alkalization)
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2.3.1.2 M3 laran vy (Silanization)
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2.3.2.2 masautlsTasldlalsun (Corona treatment)
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3.3 gA8NNNAN (Rubber Compounding Formular)
dmugasersd 1 lunisilasanst Idiesniflugasdiin Tasmsudsiuandy
lovdonsz1i e e 0, 10, 20, 30 1AL 40 phr AR uazLﬁ’u1ﬂﬂaﬂizgﬂ1ﬁ1%’%zgﬂxgﬂﬂiﬂa
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Content (phr)
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1 2 3 4 5
STR20 100 100 100 100 100
Stearic acid 1 1 1 1 1
ZnO 5 5 5 5 5
Oil 4 4 4 4 4
MBTS 0.5 0.5 0.5 0.5 0.5
DPG 0.5 0.5 0.5 0.5 0.5
Antioxidant 1 1 1 1 1
Sulfur 3 3 3 3 3
Jute fiber
(Untreated, Treated HANR, 0 10 20 30 40

Treated NaOH, Treated NaOH+HANR)
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d' wa A Y
MINN N1 ﬁuummﬂaﬂlmmu%ﬂﬂﬂix!m

A o 24 Stress Strain Modulus
RIZ2RGHAN BHUN
(MPa) (%) (MPa)
Untreated 1 0.9221 3 30.7367
2 0.8244 3.166 26.0392
3 0.804 3.833 20.9757
4 0.976 3.333 29.2829
5 0.823 3.833 21.4714
Minag 0.8699 3.433 25.7012
Treated HANR 10%DRC 1 0.889 45 19.7556
2 1.006 4.999 20.124
3 1.033 45 22.9556
4 0.861 4333 19.8708
5 0.898 45 19.9556
Minag 0.9374 4.5664 20.5323
Treated HANR 20%DRC 1 1.039 45 23.0889
2 0.876 4.999 17.5235
3 1.122 45 24.9333
4 1.049 4333 24.2096
5 0.927 4333 21.394
Minag 1.0026 4,533 22.2298
Treated HANR 30%DRC 1 0.8 3.66 21.8579
2 0.894 4333 20.6324
3 1.025 3.83 26.7624
4 0.8 4.166 19.2031
5 1.071 4333 24.7173
minag 0.918 4.0644 22.6346
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A o 24 Stress Strain Modulus
RIZ2RGHAN BHUN
(MPa) (%) (MPa)
Treated HANR 40%DRC 1 1.157 5 23.14
2 0.973 4.666 20.853
3 1.127 4.833 23.3188
4 0.999 45 22223
5 1.142 3.833 29.7939
Minad 1.0796 4.5664 23.8611
Treated HANR 50%DRC 1 1.045 7.906 13.2178
2 1.027 7.133 14.3979
3 1 10.063 9.9374
4 1.051 6.386 16.4579
5 0.898 6.303 14.2472
Anae 1.0042 7.5582 13.6516
Treated HANR 60%DRC 1 0.837 9.239 9.0594
2 0.895 8.453 10.588
3 0.847 9.013 9.3975
4 0.913 10.883 8.3892
5 0.702 9.753 7.1978
Aunas 0.8388 9.4682 8.9264
Treated 5%NaOH 1 0.452 5.499 8.2197
2 0.21 4.666 4.5006
3 0.521 6.666 7.8158
4 0.402 5.166 7.7816
5 0.45 5.666 7.9421
Anas 0.407 5.5326 7.252
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A o 24 Stress Strain Modulus
RIZ2RGHAN BHUN
(MPa) (%) (MPa)
Treated 5%NaOH+HANR 1 0.608 5.166 11.7693
10%DRC 2 0.716 5.333 13.4258
3 0.694 5.666 12.2485
4 0.757 5.333 14.1946
5 0.587 10.366 5.6627
Minad 0.6724 6.3728 11.4602
Treated 5%NaOH+HANR 1 0.544 4333 12.5548
20%DRC 2 0.658 4333 15.1858
3 0.777 4.666 16.6524
4 0.638 433 14.7344
5 1.01 5.166 19.5509
Anae 0.7254 4.5656 15.7357
Treated 5%NaOH+HANR 1 0.654 3.999 16.3541
30%DRC 2 0.764 4.166 18.3389
3 0.828 4333 19.1092
4 0.985 4.666 21.1102
5 0.65 4.666 13.9306
Aunas 0.7762 4366 17.7686
Treated 5%NaOH+HANR 1 0.877 5.333 16.4448
40%DRC 2 0.79 3.833 20.6105
3 0.576 3.666 15.7119
4 0.732 4.833 15.1459
5 0.856 4.5 19.0222
Anas 0.7662 4.433 17.3871
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A o 24 Stress Strain Modulus
FOMNIVEII BUN

(MPa) (%) (MPa)

Treated 5%NaOH+HANR 1 0.772 11.981 6.4435

50%DRC 2 1.019 11.203 9.0958

3 0.737 12.07 6.106

4 0.729 11.24 6.4858

5 0.751 11.16 6.7294

ﬂ'nﬂéﬂ 0.8016 11.5308 6.9721

Treated 5%NaOH+HANR 1 0.729 13.83 5.2711

60%DRC 2 0.739 13.83 5.3435

3 0.788 14 5.6286

4 0.684 14.05 4.8683

5 0.735 13.9275 5.2779

Aunde 0.735 13.9275 5.2779
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a ' a )
M9 N 2 AANUKUYD (Tenacity)

qo’ U Y
v ule

A o o 2o Max.load Tenacity
¥ONIDEI BUN

(gf) 9000 NN 3(den) (gf/den)

Untreated 1 7377.49 2.16985
2 6595.93 1.939979

3 6434.21 3400 1.892415
4 7810.68 2.297259
5 6589.35 1.938044
ﬂlnﬂéﬂ 6961.532 2.047509

Treated HANR 10%DRC 1 7118.75 1.483073
2 8054.43 1.678006

3 8267.72 4800 1.722442
4 7187.02 1.497296

5 8777.52 1.82865

Fhméﬂ 7881.088 1.641893

Treated HANR 20%DRC 1 8313.13 1.385522
2 7015.24 1.169207

3 8980.97 6000 1.496828

4 8394.06 1.39901

5 7418.47 1.236412
Fh!ﬂéﬂ 8024.374 1.337396

Treated HANR 30%DRC 1 7154.26 0.966792
2 8205.55 1.108858
3 8569.71 7400 1.158069
4 8465.94 1.144046

5 9014.81 1.218218
Aunde 8282.954 1.119196
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: U Y
nrnaule

A o o 24 Max.load Tenacity

12 GHAN BHUN 9000 tNN3
(gf) (gf/den)

(den)

Treated HANR 40%DRC 1 9256.46 1.05187
2 7784.26 0.884575
3 9017.83 8800 1.024753
4 7996.06 0.908643
5 9137.36 1.038336
Minag 8638.394 0.981636
Treated HANR 50%DRC 1 8361.98 0.588872
2 8218.22 0.578748
3 8007.99 14200 0.563943
4 8412.8 0.592451
5 7186.17 0.506068
Minag 8037.432 0.566016
Treated HANR 60%DRC 1 6698.44 0.334922
2 7164.95 0.358248
3 6783.29 20000 0.339165
4 7311.71 0.365586
5 7568.01 0.378401
Minag 7105.28 0.355264
Treated 5%NaOH 1 3622.57 1.006269
2 4173.64 1.159344
3 3220.57 3600 0.894603
4 3605.92 1.001644
5 3811.42 1.058728
minag 3686.824 1.024118
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: U Y
nrnaule

A o o 24 Max.load Tenacity
¥OMNIVEUII BUN 9000 tHATF
(gf) (gf/den)
(den)

Treated 5%NaOH+HANR 1 5734.75 1.19474
10%DRC 2 5559.06 1.158138
3 6059.73 4800 1.262444

4 5760 1.2
5 6707.78 1.397454
Aunde 5964.264 1.242555
Treated 5%NaOH+HANR 1 5268.82 0.878137
20%DRC 2 6221.77 1.036962
3 5111.68 6000 0.851947
4 8087.41 1.347902
5 4947.89 0.824648
?hméﬂ 5927.514 0.987919
Treated 5%NaOH+HANR 1 6113.51 0.727799
30%DRC 2 6626.86 0.788912
3 7884.38 8400 0.938617
4 5200.18 0.619069
5 6959.08 0.828462
?h!ﬂ?;ﬂ 6556.802 0.780572
Treated 5%NaOH+HANR 1 7021.9 0.747011
40%DRC 2 6326.68 0.673051
3 6768.54 9400 0.720057
4 6854.3 0.729181
5 5282.09 0.561924
?hméﬂ 6450.702 0.686245
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: U Y
nrnaule

A o o 24 Max.load Tenacity
FOINIDEYIN FUN 9000 tNN3
(gf) (gf/den)
(den)
Treated 5%NaOH+HANR 1 7429.56 0.546291
50%DRC 2 6182.27 0.454579
3 5900.66 13600 0.433872
4 5346.65 0.393136
5 5833.7 0.428949
Minag 6138.568 0.451365
Treated 5% NaOH+HANR 1 5265.67 0.277141
60%DRC 2 5837.94 0.30726
3 5914.62 19000 0.311296
4 6309.14 0.33206
5 5476.4 0.288232
Minag 5760.754 0.303198
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519 n 3 ﬁuﬂ’ammﬂmummﬁu%

A o » 2o Moisture content g]ﬂ“‘?m‘l%
FONIDEIN FHUN
(%) (%)
Untreated 1 9.32 64.1
2 8.57 61.2
3 9.53 62.1
4 9.26 59.72
5 9.14 63.8
Aunas 9.164 62.184
Treated HANR 10%DRC 1 4.17 58.83
2 6.31 60.12
3 5.13 59.21
4 4.2 60.1
5 4.15 60.04
Ainag 4.792 59.66
Treated HANR 20%DRC 1 44 51.87
2 4.65 50.12
3 4.55 49.87
4 4.23 51.23
5 4.54 50.19
minag 4.474 50.656
Treated HANR 30%DRC 1 3.49 37.38
2 3.75 38.6
3 3.75 35.63
4 3.51 38.56
5 3.63 38.9
minag 3.626 37.814
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Moisture content

=
AABNU

yofa0ena il !

(%) (%)

Treated HANR 40%DRC 1 2.95 37.89
2 2.1 36.86

3 2.87 36.41

4 2.65 38.07

5 2.46 36.51
Minag 2.606 37.148

Treated HANR 50%DRC 1 1.86 33.91
2 2.11 35.61

3 1.98 31.29

4 1.87 33.1

5 1.81 34.93
minas 1.926 33.768

Treated HANR 60%DRC 1 1.52 33.65
2 1.61 32.24

3 1.52 30.31

4 1.54 31.53

5 1.58 30.13
Anas 1.554 31.572

Treated 5%NaOH 1 11.02 60.02

2 11.02 58.76

3 10.98 61.01

4 11.21 58.87

5 11.13 59.18
Anas 11.072 59.568

92



Moisture content

=
AABNU

yofa0ena il !
(%) (%)
Treated 5%NaOH+HANR 1 7.09 55.87
10%DRC 2 6.43 57.34
3 7.15 57.85
4 6.97 56.52
5 7.01 55.75
Minag 6.93 56.666
Treated 5%NaOH+HANR 1 5.62 40.75
20%DRC 2 5.56 39.07
3 5.62 37.51
4 5.41 37.83
5 5.7 38.76
minas 5.582 38.784
Treated 5%NaOH+HANR 1 4.14 35.74
30%DRC 2 4.09 38.01
3 4.13 36.43
4 4.15 36.72
5 4.09 35.41
Anas 4.12 36.462
Treated 5%NaOH+HANR 1 3.14 32.81
40%DRC 2 2.98 32.33
3 3.2 31.24
4 3.01 31.21
5 3.13 30.12
Anas 3.092 31.542
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Moisture content

=
AABNU

yofa0ena il !
(%) (%)
Treated 5%NaOH+HANR 1 2.39 25.11
50%DRC 2 2.23 26.56
3 2.35 23.75
4 2.24 23.76
5 2.38 23.24
Minag 2.318 24.484
Treated 5%NaOH+HANR 1 2.11 21.86
60%DRC 2 2.61 17.98
3 2.15 17.89
4 2.51 18.51
5 2.64 20.84
minas 2.404 19.416
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—— Treated 5%NaOH 40 phr_1
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—— Treated 5%NaOH+HANR10%DRC 20 phr_1
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—— Treated 5%NaOH+HANR10%DRC 40 phr_1
Treated 5%NaOH+HANR10%DRC 40 phr_2
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A o o 2o Tensile Strength Elongation at Young's
¥ONIDEI BUN
(MPa) break (%) Modulus (MPa)
NR 100 1 24.4 654.3 3.729176
2 22.8 636.4 3.582652
3 23.9 649.7 3.678621
4 26.1 663.8 3.931907
Aunde 24.3 651.00 3.730589
Untreated 10 phr 1 9 469.6 1.916525
2 8.7 474.2 1.834669
3 7.9 474.1 1.666315
4 8.9 471.5 1.887593
Aunde 8.625 472.35 1.826275
Untreated 20 phr 1 54 417.2 1.294343
2 4.9 373.5 1.311914
3 5.6 420.2 1.332699
4 5.4 403.5 1.33829
Aunde 5.325 403.6 1.319312
Untreated 30 phr 1 4.6 411.5 1.117861
2 43 347.4 1.237766
3 3.9 305.4 1.277014
4

Aunde 4.26 354.76 1.200812
Untreated 40 phr 1 4.5 126.7 3.551697
2 5.2 133.2 3.903904

3 - - -

4 - - -
Aunde 4.85 129.95 3.732205
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A o o 2o Tensile Strength Elongation at Young's
RIZ2RGHAN BHUN
(MPa) break (%) Modulus (MPa)
Treated HANR 60%DRC 1 8.41 14203 0.592128
10 phr 2 8.67 1371.2 0.632293
3 9.12 1378.5 0.661589
4 9.45 1402.1 0.673989
Minad 8.9125 1393.025 0.64
Treated HANR 60%DRC 1 3.33 954.1 0.34902
20 phr 2 4.02 915.5 0.439104
3 2.97 945.3 0.314186
4 4.02 900.5 0.446419
minag 3.585 928.85 0.387182
Treated HANR 60%DRC 1 2.98 702.8 0.424018
30 phr 2 2.87 726.4 0.395099
3 3.25 735.5 0.441876
4 2.99 723.8 0.413098
Minag 3.0225 722.125 0.418523
Treated HANR 60%DRC 1 0% 5412 0.415743
40 phr 2 2.21 587.6 0.376106
3 1.98 603.5 0.328086
4 1.87 5213 0.358719
Ainas 2.0775 563.4 0.369663
Treated HANR 10%DRC 1 11.5 543.7 2.115137
10 phr 2 12.9 560.4 2.301927
3 11.6 550.9 2.105645
4 15.6 596.9 2.613503
minag 12.9 562.975 2.284053
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A o o 2o Tensile Strength Elongation at Young's
RIZ2RGHAN BHUN
(MPa) break (%) Modulus (MPa)
Treated HANR 10%DRC 1 8.9 544.2 1.635428
20 phr 2 9.1 547.8 1.66119
3 6.8 486.7 1.397165
4 8.9 539.5 1.649676
Minad 8.425 529.55 1.585865
Treated HANR 10%DRC 1 4.6 300.3 1.531802
30 phr 2 5.4 415.3 1.300265
3 4.6 159.4 2.885822
4 43 441.6 0.973732
Mgy 4725 329.15 1.672905
Treated HANR 10%DRC 1 3.5 305.1 1.147165
40 phr 2 3.4 263.6 1.289833
3 35 371.2 0.942888
4 33 221.2 1.491863
Minag 3.425 290.275 1.217937
Treated 5%NaOH 10 phr 1 10.6 522.2 2.029874
2 11.8 545.7 2.16236
3 8.2 492.5 1.664975
4 11.6 538.3 2.154932
Ainas 10.55 524.675 2.003035
Treated 5%NaOH 20 phr 1 12.2 552.7 2.207346
2 9.7 524.3 1.850086
3 11.7 551.9 2.119949
4 13.1 5743 2.281038
minag 11.675 550.8 2.114605
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A o o 2o Tensile Strength Elongation at Young's
¥ONIDEI BUN

(MPa) break (%) Modulus (MPa)
Treated 5%NaOH 30 phr 1 6.2 531 1.167608
2 7.6 559.4 1.358598
3 7.7 564.9 1.363073
4 8.9 590.2 1.507963
ﬂ'nﬂéﬂ 7.6 561.375 1.349311
Treated 5%NaOH 40 phr 1 6.6 578.5 1.140882
2 7.4 596.4 1.240778
3 6.9 584.6 1.180294
4 7.5 586.9 1.277901
Aunde 7.1 586.6 1.209964
Treated 5%NaOH 1 15.9 573.4 2.772933
+HANR 10%DRC 10 phr 2 15.1 555.2 2.719741
3 12 506.3 2.370136
4 11.2 505.9 2.213876
Aunde 13.55 535.2 2.519172
Treated 5%NaOH 1 10.9 543.8 2.004413
+HANR 10%DRC 20 phr 2 11.1 542.4 2.04646
3 10.2 518.9 1.965697
4 10.5 535.5 1.960784
ﬂ'uﬂéﬂ 10.675 535.15 1.994339
Treated 5%NaOH 1 10.1 569.2 1.77442
+HANR 10%DRC 30 phr 2 10.2 566 1.80212
3 9.6 558.2 1.719814
4 9.7 556.1 1.744291
Aunde 9.9 562.375 1.760161
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Tensile Strength Elongation at Young's

sofeia Fudi
(MPa) break (%) Modulus (MPa)
Treated 5%NaOH 1 7.9 590.6 1.337623
+HANR 10%DRC 40 phr 2 6.7 543.6 1.232524
3 6.8 561.2 1.211689
4 7.8 585.2 1.332878
Minde 7.3 570.15 1.278678
AT 2 yoaaUBInABY INan
4o uoqaw
FonI0819 P
FHUN 10% 50% 100% 200% 300% 400% 500%
NR100 1 0.22 0.63 0.95 1.56 2.47 4.02 8.64
2 0.22 0.64 0.96 1.58 2.5 4.09 8.88
3 0.22 0.64 0.96 1.58 2.49 4.04 8.62
4 0.23 0.65 0.97 1.6 2.52 4.13 8.89
Fhm?lﬂ 0.2225 0.64 0.96 1.58 2.495 4.07 8.7575
Untreated 10 phr 1 2.01 2.61 2.52 2.79 3.76 5.73 -
2 1.92 2.57 2.71 291 3.64 5.54 -
3 1.99 2.53 2.61 3.08 3.63 5.53 -
4 2.22 2.62 2.77 3.31 3.85 5.81 -
ﬁméﬂ 2.035 2.5825 2.6525 3.0225 3.72 5.6525 -
Untreated 20 phr 1 1.89 2.84 3.12 3.33 3.94 5.1 -
2 2.23 3.15 3.14 3.56 4.06 5.14 -
3 2.5 2.94 3.11 3.94 3.97 5.11 -
4 2.22 2.87 3.01 3.62 3.95 5.16 -

Auafy 221 2.95 3.095 3.6125 398 5.1275
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FUN 10% 50% 100% 200% 300% 400% 500%

Untreated 30 1 5.17 3.98 4.21 4.01 4.37 43 -

phr 2 3.95 3.93 3.78 3.89 421 - -

3 4.1 3.82 4.26 3.72 3.76 - -

4 3.3 3.8 3.51 - - - -

MDA 413 38825 394 3873333 4113333 43 -

Untreated 40 1 4.95 4.51 4.12 - - - -

phr 2 5.45 4.14 4.54 - - - -

3 4.1 45 - - - - -

4 5.02 - - - - - -

MunBy 488 4383333 433 - - - -
Treated 1 1.19 2.39 2.55 3 3.6 5.11 8.91
HANR 2 0.81 1.86 2.07 2.5 3.13 4.64 8.67
10%DRC 10 3 0.58 1.54 1.89 2.32 2.98 4.49 8.23
phr 4 1.11 2.13 2.22 2.48 3.21 4.8 8.67
Aunds 09225 198 21825  2.575 3.23 4.76 8.62
Treated 1 1.83 2.79 2.8 3 3.28 4.47 7.23
HANR 2 1.6 2.86 2.77 2.5 3.23 4.52 7.38
10%DRC 20 3 2.12 2.94 2.93 2.32 3.34 4.53 7.33

phr 4 1.7 2.74 2.87 2.48 3.23 4.53 -

Aunds 18125  2.8325 28425 2,575 327 45125 7313333

Treated 1 3.94 3.73 3.66 4.16 43 4.48 -

HANR 2 3.56 3.84 3.99 3.59 3.72 4.61 -

10%DRC 30 3 3.78 424 4.17 4.09 435 - -

phr 4 3.61 3.78 3.77 3.76 - - -

MUNAY 37225 38975  3.8975 3.9 4123333 4.545 -
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Foreeha s
BHUN 10% 50% 100% 200% 300% 400% 500%
Treated HANR 1 2.16 3.05 3.07 3.22 3.45 - -
10%DRC 40 phr 2 242 322 319 323 327 - -
3 224 321 3.16  3.16 - - -
4 2.44 3.32 3.19 3.29 - - -
Aunde 2315 32 31525 3225 3.36 - -
Treated 1 0.74 1.24 149 322 26 423 8.89
5%NaOH 10 phr 2 0.57 1.04 129 323 248 405 8.5
3 0.65 1.1 133 316 255 412 8.71
4 0.74 1.19 143 329 25 4.07 -
MDA 0675 11425 1385 3225 25325 41175 87
Treated 1 0.91 1.38 151 186 259 411 8.39
5%NaOH 20 phr 2 0.87 1.33 144 178 248 396  8.09
3 0.71 1.16 131 168 238  3.85 8.04
4 0.72 1.17 1.33 1.7 238 3.8 7.76
Aunds 08025 126 13975 1755 24575  3.93 8.07
Treated 1 1.22 1.59 162  1.73 212 304 524
5%NaOH 30 phr 2 1.15 7% 155  1.67 208 3.0l 522
3 0.86 1.33 137 154 197 289 505
4 1.07 1.42 1.43 1.6 204 296 5.8
MDAl 1075 146 14925 1635 20525 2975  5.1725
Treated 1 0.93 1.47 151 163 198 272 435
5%NaOH 40 phr 2 0.93 1.55 1,57 171 204 279 446
3 1.1 1.63 1.65 174 208 284 446
4 1.2 1.59 1.6 1.74 209 2091 471
Aunan 104 1.56 15825 1.705 2.0475 2815  4.495
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FUN 10% 50% 100%  200% 300% 400% 500%
Treated 1 064 137 157 2 2.86 47  10.08
5%NaOH 2 072 145 162 206 295 483 1048
+HANR 3 0.76 1.47 1.63 2.07 2.97 4.89 10.48
10%DRC 10 phr 4 074 145  1.64 2.1 299 495 107
MOBE 0715 1435 1615 20575 29425 4855 10435
Treated 1 105 162 171 203 271 422 822
5%NaOH 2 .03  1.64 174 204 274 428 8.4
+HANR 3 1.41 1.88 194 2.2 297 463  9.02
10%DRC 20 phr 4 .14 172 182 209 275 425  8.18
M08E 11575 1715 18025 209 27925 4345  8.455
Treated 1 143 185 188 205 256 376  6.66
5%NaOH 2 133 196 202 218 266 392 685
+HANR 3 158 194 198 196 263 387 675
10%DRC 30 phr 4 162 196 201 218 269 396 697
MUPBE 149 19275 19725 2.0925 2635 38775 68075
Treated 1 1.2 1.81 182 195 234 3.2 5.07
5%NaOH 2 157 196 194 207 241 332 5.2
+HANR 3 T\ /P AN, 2 234 319 5.5
10%DRC 40 phr 4 134 184 183 193 232 318  5.02
M0BE 136 18675 186 19875 23525 32225  5.085
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15199 ¥ 2 FUUANTUINANLAZ AT Interaction

A o
POAIVE

=
UN

=RDe

Q Qf/Qg 1/Q
NR 100 1 3.138167 0.983761 0.318657
2 3.221301 1.009822 0.310434
3 3.210454 1.006421 0.311482
ﬂH!ﬂéﬂ 3.18977 1.000001 0.313524
Untreated 10 phr 1 2.880056 0.902847 0.347215
2 2.894118 0.907255 0.345528
3 2.874083 0.900975 0.347937
ﬂlnﬂéﬂ 2.882752 0.903693 0.346894
Untreated 20 phr 1 2.69213 0.843936 0.371453
2 2.724793 0.854175 0.367
3 2.635358 0.826139 0.379455
ﬂlnﬂa’fj 2.684094 0.841417 0.372636
Untreated 30 phr 1 1.92217 0.602567 0.520245
2 1.937709 0.607438 0.516073
3 1.945671 0.609934 0.513962
f’hméﬂ 1.935183 0.606646 0.51676
Untreated 40 phr 1 1.47356 0.461935 0.678629
2 1.47108 0.461158 0.679773
3 1.444554 0.452843 0.692255
?h!ﬂéﬂ 1.463065 0.458645 0.683552
Treated HANR 10%DRC 1 3.01616 0.945513 0.331547
10 phr 2 3.040195 0.953048 0.328926
3 2.998334 0.939925 0.333519
ﬂlnﬂa'ﬂ 3.01823 0.946162 0.331331

113



Y

A '
YOIV

=RDe
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Q Qf/Qg 1/Q

Treated HANR 10%DRC 1 241702 0.757694 0.413733
20 phr 2 2371636 0.743466 0.42165
3 2316914 0.726312 0.431609

minag 2.368523 0.742491 0.42233

Treated HANR 10%DRC 1 2.137177 0.669968 0.467907
30 phr 2 2.118705 0.664177 0.471986
3 2.061119 0.646125 0.485173

Minag 2.105667 0.66009 0.475022

Treated HANR 10%DRC 1 1.782232 0.558699 0.561094
40 phr 2 1.797886 0.563606 0.556209
3 1.758918 0.55139 0.568531

minag 1.779679 0.557898 0.561945

Treated 5% NaOH 10 phr 1 3.02103 0.94704 0.331013
2 3.04497 0.954545 0.328411

3 3.027933 0.949204 0.330258

Aunds 3.031311 0.950263 0.329894

Treated 5% NaOH 20 phr 1 2.930206 0.918569 0.341273
2 2.937808 0.920952 0.34039

3 2.941184 0.92201 0.339999

Minag 2.9364 0.92051 0.340554

Treated 5% NaOH 30 phr 1 3.026722 0.948825 0.33039
2 3.017768 0.946018 0.331371

3 3.028593 0.949411 0.330186

minag 3.024361 0.948084 0.330649
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Q Qf/Qg 1/Q

Treated 5% NaOH 40 phr 1 3.012793 0.944458 0.331918
2 3.00662 0.942523 0.332599

3 3.043915 0.954214 0.328524

minag 3.021109 0.947065 0.331014

Treated 5%NaOH+HANR 1 3.054567 0.957554 0.327379
10%DRC 10 phr 2 3.043734 0.954158 0.328544

3 3.042423 0.953747 0.328685

Minag 3.046908 0.955153 0.328203

Treated 5%NaOH+HANR 1 2.98823 0.936758 0.334646
10%DRC 20 phr 2 3.003849 0.941654 0.332906

3 2.985282 0.935834 0.334977

minag 2.992454 0.938082 0.334176

Treated 5%NaOH+HANR 1 2.987352 0.936483 0.334745
10%DRC 30 phr 2 3.016008 0.945466 0.331564

3 3.015359 0.945262 0.331635

Aunds 3.00624 0.942404 0.332648

Treated 5%NaOH+HANR 1 3.125277 0.97972 0.319972
10%DRC 40 phr 2 3.114732 0.976414 0.321055

3 3.200624 1.00334 0.312439

Minag 3.146878 0.986491 0.317822
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International Conferences)

1. Pruttipong Pantamanatsopa, Tawatchi Meekeaw, Warunee Klinklai and Hiroyuki
Hamada, “Improvement in Mechanical Properties of Green Rubber Composite Reinforced with
Modified Jute Fiber”, The 13" Pacific Polymer Conferrence (PPC13), 17-22 November 2013,
Kaohsiung, Taiwan.

2. Pruttipong Pantamanatsopa, Tawatchi Meekeaw, Rattiyakorn Suthamyong, Ketsara
Arrub and Hiroyuki Hamada, “Effect of Modified Jute Fiber on Mechanical Properties of Green
Rubber Composite”, 1" Eco-Energy and Materials Science and Engineering Symposium (EMSES

11"), 18-21 December 2013, Phuket, Thailand.
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Abstract

Green rubber composites can be tailored made to suit applications with desired properties by incorporating particulate
natural fibers into a rubber matrix. The effect of fibers content filled in natural rubber (NR) green composite on mechanical
properties has been studied. The jute fiber loading in natural rubber were 0, 10, 20 and 40 wt%. The rubber green composite
compounding was prepared by using two roll mills and then molded by hot compression molding technique. The resulted
suggested that increasing filler content tended to increased modulus and hardness but decreased Tensile strength of the
composite. Compared between NR/Jute-untreated and NR/jute treated. The results showed that NR/jute untreated can improve
mechanical properties of composite more than NR/jute treated HANR. This may be due to distribution of fiber may effect to
improve mechanical properties of composite in this study.
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

For economic and environmental reason, rubber composite reinforced with natural fiber are of interesting in
industrial field because of easy processing, low cost and light weight. It is known that natural plant fibers are
regarded as an agricultural waste that suggested cheap and environmental friendly filler derived from a plenty
renewable resource in Thailand. These composite exhibit combined behavior of the soft, elastic rubber matrix, and
the stiff strong fibrous reinforcement. Therefore, rubber composite reinforced with natural fiber is still under
development to provide a variety of products with the target to reduce cost and maintaining their desired properties.
The disadvantage of incorporation of natural fiber into rubber matrix is a poor in interfacial adhesion due to the
hydrophilic nature of natural fiber that is to be used as reinforcement with hydrophobic nature of rubber matrix.
Furthermore, these composite are also associated with agglomeration as a result of insufficient dispersion. One of the
most important aspects of composite manufacturer is to achieve adequate adhesion between fiber and rubber matrix
[1-4].

Many strategies of surface modifications aiming to improve the compatibility between cellulose fibres and
matrices were reviewed [S]. The chemical modification using coupling agents or establishment of covalent bonding
between fibres and matrix have also been investigated. This may leading to materials with high mechanical
properties.

In this study, green composite of natural rubber and natural fiber were prepared with various filler contents.
Effect of fiber loading and surface treatment on the interfacial adhesion between fiber and rubber and mechanical
properties is observed.

2. Experimental
2.1. Materials

Natural rubber (NR) grade STR20 was supplied by Thai Hua Rubber Co. Ltd. High Ammonia Natural rubber
(HANR) latex, Deproteinized natural rubber (DPNR) latex, stearic acid, zinc oxide (ZnO), oil, benzothiazyl
disulfide (MBTS), diphenyl guanidine (DPG), antioxidant, sulfur, and sulfuric acid (H,SOs). Jute roving having an

average diameter of 0.8 mm were supported by KIT, Japan. The fiber lengths of 1 cm and fiber loading of 10, 20,
and 40 wt% respectively, were used in this study.

2.2. Surface modification of jute fiber

The jute fiber were washed with water and dried at 50°C for 24 hours in oven and pretreated by 0.1% H,S04
solution for 1 hour and washed with water 2-3 times. Then the cleaned fiber were surface modified by soaking in
HANR or DPNR latex for 1 hour and dried at 50°C for 24 hours in oven Then the modified fiber were cut in length
of 1 cm.

2.3. Preparation of deproteinized natural rubber (DPNR)

HANR latex was incubated with 0.1 wt% urea in the presence of 1.0 wi% SDS solution for 1 hr. at the ambient
temperature. The centrifugation was used to separate the cream fraction, which was redispersed in 1.0 wt% SDS
solution. Then, the cream fraction was washed twice with 0.5 and 0.1 wt% SDS solution respectively.

2.4. Preparation of green rubber composites compounding

The rubber composite was prepared by compounding of rubber with fiber according to formulations shown in
table 1.
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Table 1. Formulation of green rubber composite.

Component Content (phr)
Natural Rubber (STR20) 100
Stearic acid 1

ZnO 5

Oil 4
MBTS 0.5
DPG 0.5
Antioxidant 1
Sulfur 3

Jute fiber (Un-treatment and treatment) 0,10,20 and 40

Moisture content of fiber was measured by Moisture Analyzer, Mettler Toledo, model HB43-S. The jute fiber
was dried for 11 hrs at 100°C prior to being compounded with NR in a two roll mill. NR and modified fiber was
mixed in two roll mills for 20 min. (Yong-Fong machinery, Ltd., Model YFTR 8" (YFH-8"x18"L)). It was kept at
25°C for 24 hrs prior to cure assessment on a Moving Die Rheometer, GOTECH, model GT-M2000. Then, they
were compressed in compression molding (Yong-Fong machinery, Ltd., Model YFY HM-100T) at 150°C, 10 min
for valcanization.

2.5. Mechanical properties

Tensile testing was done with dumbbell shaped specimens in accordance to ASTM D412-C and five replicate
peci were subjected to Instron Universal Testing Machine at crosshead speed of 500 mm/min. The hardness
was measured by the shore type A Durometer according to ASTM D2240 and random ten point in one specimen.

2.6. Morphology measurement

The surface properties of jute fiber before and after modification was scanning electron microscope (SEM)
(JEOL Model JSM-5410LV).

2.7. Dynamic mechanical thermal Properties

Dynamic mechanical analysis was performed using a Perkin Elmer DMA 8000 in the temperature/time scan
mode. The shape of test sample was rectangular, 25 mm. long, 10 mm. and 3 mm. thick. The dual cantilever mode
of deformation was used under the test temperature range from -110 to +100°C with a heating rate of 5°C min” and
a frequency of 1 Hz. A sinusoidal strain with a frequency of 1 Hz and amplitude of 50 mm was applied to each
specimen. The storage and loss moduli, tan 8, and glass transition temperature (7y) of the rubber vulcanizates were
subsequently measured based on the test results.

3.Results and discussion
3.1. Mechanical properties of un-treated and treated fiber

The most important factor in get good fibre reinforcement in the composite is the strength of adhesion between
the matrix polymer and the fibre. The extent of adhesion depends upon the structure and polarity of these materials.
Due to the presence of hydroxy and other polar groups in jute, the moisture regain is high which leads to poor
adhesion between fiber and matrix. Therefore, in order to develop composites with improved mechanical properties,
it is necessary to impart hydrophobicity by suitable treatments. Such surface modification of jute would not only
decrease the moisture absorption, but would concomitantly increase the wettability of the fibres by the matrix
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polymer and the interfacial bond strength, both critical factors for obtaining better mechanical properties of the
composites. Based on the above mentioned facts we have investigated the effect of different surface modifications
of jute on the performance of the composites such as chemical treatment with acid and physical treatment with
rubber latex. Table 2 show the mechanical properties of un-treated fiber and treated fiber with rubber latex.

Table 2. Elongation, Extention at break, and Tenacity of jute fiber before and after modification.

Sample Elongation (%) Extention at break (mm.) Tenacity (gf/den)
Jute untreated 3.63 9.07 41.99
Jute treated 3.50 8.76 71.01

From table 2, it was found that the tenacity of fibre after treatment is much higher than un-treated almost twice.
It is indicated that the strength of fibre itself is higher. Therefore, we used these fibre incorporating into the rubber

matrix. Fig.2 shows the morphology of untreated and treated fibre. It is clearly seen the adhesion of fiber after
treatment with latex.

Fig. 1. Surface of fiber (a) un-treated jute and (b) treated jute

3.2. Effect of HANR surface modification and fibre loading on mechanical properties of rubber composite

Firstly, we tried to modify jute fiber with high ammonia natural rubber latex (60% DRC). The effect of fiber
loading on tensile strength, modulus and hardness in rubber composite were shown in Fig. 2-4. It can be seen that
the tensile strength was decreased as fiber content increased. The modulus and hardness increases significantly with
increasing filler content. This indicates an improvement in stiffness of rubber composite. However, when treated
fiber is subjected to load, the tensile strength, modulus and hardness were lower. This may be due to the good
adhesion between fiber, leading to poor dispersion in the matrix.

_25
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£ Untreated jute fiber
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2
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Fig. 2. Tensile strength of treated and un-treated jute fiber/NR composite with various fiber content.
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Fig. 3. Young’s modulus of treated and un-treated jute fiber/NR composite with various fiber content.
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Fig, 4, Hardness of trested and un-treated jute fiber/NR composite with various fiber content,
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3.3. Effect of DPNR surface modification

Then, wé fried fo modify jute fiber with low protein latex (DPNR) confaining 30% DRC. Fig. 5 shows a stress-
strain curve of rubber composite incorporated with treated fiber. It is clearly seen that DPNR treated fiber/NR
composite (10 wt% fiber) showed the highest elongation at break as shown in Table 1. The tensile strength and
modulus were also higher compared to HANR treatment. The reason of this finding is still under investigation.
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Fig. 5. Typical stress-strain curve of NR, untreated fiber/NR, HANR treated fiber/NR composite and DPNR treated fiber/NR composite.

Table 3. Young’s modulus, Tensile strength, and Elongation at break of NR/ HANR treated jute and DPNR freated jute at 10 phr.

Young’s modulus Tensile gth Elongation at break
Sample
(MPa) (MPa) (%)
NR/Jute-treated HANR 19 89 9279
NR/Jute-treated DPNR 21 19.0 15345

3.4. Dynamic mechanical Properties of NR composite
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Fig. 6 Evolution of the (a) logarithm of the storage tensile modulus, £y, and (b) loss angle tangent,
tan Svs temperature at 1 Hz for NR-based composites reinforced with 10 phr jute fiber with treatments (T) and un-treatment (UN).

The plot of the logarithm of the storage tensile modulus (log Eo )and fand at 1 Hz vs temperature for unfilled
NR matrix, and both unmodified and modified jute reinforced rubber composites are shown in Fig. 6a and 6b,
tespectively. At low temperatures, the NR matrix is in the glassy state and E, is around 4E¥11 Pa. Then at ca. -60°C
a sharp drop in E,, associated with the glass—rubber transition of the elastomer. This relaxation phenomenon
involves cooperative motions of long chain sequences which induce dissipation energy revealed by a maximum in
tand (Fig: 6b). After filled NR matrix with DPNR treated fiber, E; increased to 8E+11 Pa higher than untreated
fiber.

129



Pruttipong Pc pa et al. / Energy Procedia 56 (2014) 641 — 647

The incorporation of DPNR treated fiber increase the composite modulus at below 7. This may be due to the

its different in glassy states. It is also effect to the change in glass transition temperature of rubber composite.

4. Conclusion

This work clearly shows that cellulose fibres can be effectively used as reinforcing NR matrices. The results

showed that NR/jute treated with DPNR latex can improve the mechanical properties of composite more than
NR/jute treated HANR.
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Green rubber composites can be tailored made to suit applications with desired
properties by incorporating particulate natural filler into a rubber matrix. The effect of
filler content and fiber length filled in natural rubber (NR) green composite on
mechanical properties has been studied. The jute fiber loading in natural rubber were
10, 20, 40, 50, 60 and 70 wt%, respectively with various lenght of roving jute fiber.
The rubber green composite compounding was prepared by using two roll mills and
then molded by hot compression molding technique. The resulted suggested that
increasing filler content tended to increased tensile strength, modulus, hardness and
water absorption but decreased elongation at break of the composite. The optimum
loading of filler at 20 wt%, showed the highest tensile strength at 11.9 MPa. This may
be due to the filler is optimum for distribution and the filler actively participate in
stress transfer. The change in fiber lenght was significantly affected only on modulus.
The strength of filler-rubber interaction were analyzed from swelling measurement.
Then, we modified jute fiber with rubber latex adhesion at 90/10 wt% of NR/modified
jute. It was found that the tensile strength, modulus and elongation at break was
improved compared to untreated fiber. This may be due to rubber surface may act as a
good adhesion between fiber and rubber matrix in this study.

Reference:
1. A.C.de Albuquerque, Kuruvilla Joseph, Laura Hecker de Carvalho, Jose Roberto
Morais d'Almeid. Composites Science and Technology 60 (2000) 833-844.
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ABSTRACT : Green rubber composites can be tailored made to suit applications with desired ies by incorporating particulate natural filler into a rubber
matrix. The effect of filler content and fiber length filled in natural rubber (NR) green ite on mechanical ies has been studied. The jute fiber loading
in natural rubber were 10, 20, and 40 wt%, respectively with 1 cm of jute fiber. The rubber green posil di d using two roll and then

mp was prep
molded by hot compression molding technique at 150°C. It was found that the modulus and hardness increased as fiber content increased while tensile stmngﬂq
/was decreased. The highest modulus at 52.2 MPa (compared to neat NR 2.6 MPa) and the highest hardness at 78.6 Shore A (compared to neat NR 41.6 Shore A)
'were obtained when 40wt% of fiber loading was added. This may be due to the filler is optimum for distribution and the filler actively participate in stress
| transfer. tensile strenght and elongation at break were improved
! rubber matrix in this study. |

T&Z,EhmmahmkuﬂTmofﬁxﬁbummﬂd\am

Sample Elongation (%)  Estension at break (mm.)  Temacity (gf/den)
Jute untreated 363 9.07 4199
Jute treated 3.50 8.76 71.01

Fig. 1. The surface of jute
fiber (a) with out modified
and (b) modified with 60%
DRC HANR

e e e
Fig 2 Tensile strength of Fig. 3. Young’s modnlus of Fig. 4. Hardness shore A of

composite NR/jute fiber composite NR/jute fiber composite

Table 1. Formulation of green rubber composite

 Composent __ Comtemt(hr) [sufice modification ofjwio et | g rubber composite of () NR/I0 wi% Jute untreated, (b) NR/10 witaJute treated , and (<) NR pure:

Natural Rubber (STR20) 100
Stearic acid 1 Table 3. Ym'smrmmmmamwmwmwapm
a0 s | Mixed NR 20d modified
oil 4 s L %DRC HANR Fiber (phr) Young’s modulus (Mpa) Tensile strength (Mpa) Elongation at break(%)
MBTS

DPG
Antioxidant 184 138 1434.73
Sulfur 173 15.51 1587.22
Jute fiber and 387 1251 101531
197 891 92791

| The effect of fiber surface modification for jute fiber on characteristic of jute!
‘fiber and mechanical propertied of green rubber composite were evaluated in this;
'study. The main advantage of surface treatment is compatibility between|
E!rydrophoﬁcﬁbusuﬁwcmdmﬂixmdlc-ﬁngmnmmgaﬁh«-mmixg
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