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Influences of Bagasse Ash Source and Silica Content in Bagasse Ash
on Cure and Mechanical Properties of Natural Rubber Composite
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Abstract

Silica based bagasse ash (BA) from bio-mass power plant station in Nakhonsawan, Lopburi
and Suphanburi provinces of Thailand were used and incorporated into natural rubber (NR) at 0, 15,
30 and 45 parts per hundred rubber (phr) of silica contents and the cure and mechanical properties
were assessed and compared. The majority of all bagasse ash powder had particle size of less than
150 micrometer. The cure characteristics of bagasse ash/ natural rubber (BA/NR) composites had no
effect on scorch time and cure time. The overall mechanical properties (moduli and hardness) of
bagasse ash/ natural rubber (BA/NR) composites increased with increasing ash content, except for
elongation at break which decreased with ash content. 15 phr of silica content in bagasse ash
powder from Nakhonsawan province gave the optimum mechanical strength as compared with other
two ash sources. The outcome of this research could be of value-added for agriculture to industry

benefits in sustainable development.
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Ingredients Contents (phr)

1. Natural rubber (grade STR 20) 100 part

2. Zinc oxide (ZnO) 5.0

3. Stearic acid 2.0

4. Mercaptobenzothiazole (MBT) 0.5

5. Diphenylguanidine (DPG) 0.2

6. Sulphur 3.0

7. Silica from bagasse ash Varying from 0, 15, 30 and 45
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Bagasse ash source (province)
Characterization method
Nakhonsawan Lopburi Suphanburi
Functional group investigation: FT-IR Wavenumber (cm™)
Si-OH stretching (Silanol group) 3427.02 3434.32 3434.44
Si-O-Si stretching (Siloxane group) 1090.65 1090.92 1091.04
Particle size distribution measurement (um) Content (%)
<45 21.30 28.10 43.08
45-75 14.10 20.20 18.66
75 - 150 22.68 38.26 20.90
150 - 210 7.98 6.20 2.98
210 - 300 4.94 4.92 3.28
> 300 29.00 2.32 11.10
Chemical composition investigation: XRF Chemical composition (%)
Silicon oxide (SiOy) 75.10 68.40 75.40
Aluminum oxide (Al,03) 7.38 8.76 411
Ferric oxide (Fe203) 2.78 4.02 1.22
Potassium oxide (K;0) 2.45 2.36 2.66
Calcium oxide (CaO) 2.62 8.60 2.19
Other metal oxide 297 3.85 2.94
(TiO,, MgO, P,0s, SO, Na,0, MnO, BaO andZrO,)

m1519% 3 TA9aaiednig Ane 20NN TIUEREANUNAIAINIAUATAITIA ANLT UASENITULT

MorEhoIogz examination: SEM

‘o
= fe
Lopburi

v i

Nakhonsawan l Suphanburi

ANNAN1IRAaaLaNTIRNIg e NN9UNAN warANTRTINATeITARTI sz N LI IINTNAT

a [ [ o a a v, A a aa [ [ a
AN BENTNUERE AdLEAdlAN197 4 aFuns AT EeRN TN T AN nMaEN TR R TN I TNTN R
winau laddenasiananlunisluadaneunistingn uazinanlunistingn dousnasausda  AAisaw
a9 N WA UAINFENTEU9 198N ALUTN T AN NRULEN TSR ANTY dana lFA NN LN

[ ¥ PN d’z o a a ¥ @ R < ] g A a é{
Wusrduinau AR T9Lsenaue9asInNT A wanaliiiudan nudawnss (- Rigidity)  MANIUAIN
BB ANIANNELENTIUERE LALINANANTUNANTRITING WUINNNIRANUFNUTANIANNLE T UE e

FanIPUAA299A NN 15 Aauluenadasdon d9ualiA1ANNANUN LA LI AILALANANNAIUNIL

¥ o o o a

slan1sanaauwe NN uA AAFRITU ITBINNIAINIWIAUN AT T WE DS AUATANTTF §

s 1 '

aneayna doulnnnszansalndiassiuludamiinisine i lildantimnandianaasunas uay

'
oo @

Wiulddndn  namnlEIaEanIa N T uiesddngnesEnNauAdnuIn aain Rang

nIzNguAU (Agglomerate) ganaliidunsisensyndnaiuaedtFuIuEan1aned1Tugas ( Filler  filler

interaction) g4N918UMINTNFENINENAULENITANIAINKIETIUE8 ( Rubber — filler interaction)

¥

A laniFfeendn uananNUaNTRAUNanAa uazA1ANLTUN I UANTTN UERNAINRALET Y

oy
a a K

A8 MNNTL



A151397 4 aaiEinnsua Ungn wazaniRidana1e9dan dalszneusnasssuai s

Bagasse ash source (province) and Silica content in bagasse ash (phr)
Natural rubber_composne Nakhonsawan Lopburi Suphanburi
properties
0
15 30 45 15 30 45 15 30 45

Cure characteristic of NR/BASi compound
. i 1.30 1.09 1.14 1.34 1.27 1.18 131 1.27 1.33 1.22
Scorch time (min) +0.04 | +0.08 | £0.04 | +0.03 | £0.02 | £0.08 | +0.08 | +0.09 | +0.04 | %0.03
Cure time (min) 5.38 5.43 5.45 5.59 5.41 5.25 5.24 5.47 5.50 5.40
+0.09 | #0.11 | +0.03 | #0.03 | +0.04 | +0.08 | +0.08 | +0.11 | +0.06 | +0.02
Delta t dN 55.5 62.1 72.0 78.7 65.8 78.3 84.7 61.9 69.0 77.9
elta torque (dN m) +03 | %06 | 0.7 | +05 [ 203 | +04 | 209 | +1.7 | 202 | %03

Mechanical properties of NR/BASi compound

) 09 | 12 | 14 | 16 | 13 | 17 | 18 | 12 | 14 | 15
Modulus at100% elongation (MPa) | 441 | +0.02 | £0.03 | 0.04 | £0.02 | 0.03 | 0.03 | +0.05 | +0.05 | +0.06
170 | 195 | 145 | 106 | 192 | 144 | 95 | 201 | 145 | 102
+13 | 08 | 06 | 0.3 | +1.0 | +0.6 | 04 | 207 | +03 | 07
361 | 334 | 274 | 348 | 205 | 261 | 309 | 260 | 249 | 340

Tensile strength (MPa)

Tear strength (kN/m) +08 | +38 | +25 | +28 | +1.4 | +19 | +22 | +1.6 | 24 | +26
Eonaation at break (4 1053 | 1042 | 876 | 711 | 988 | 784 | 623 | 1062 | 940 | 755
ongation at break (%) +26 | +13 | +12 | +21 | #21 | 24 | #18 | +13 | +22 | 428
46 29 | 53 | 56 | 48 | 5 | 58 | 47 | 52 | 55
Hardness (Shore A) +1 +1 | +1 | 1 | o+ | 1 | o#1 | o+ | o+ | 1
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dglnan1s3ae

ANHANITIAsFARNRAi T udeanFN udanTelssnauanessINTIR IARST

Aaa

1. padaudesandandinuaansss anys uazqnesild daaniuesdisznaumdniliunm 75.10%

'
1 o a

68.40% WAY 75.40% ANANGL  BNIEANIA R udasivanuas Avyieridundni
A o aaa aa dld (-7 !
wileufunTERmeTan NHeynadaulugdeanda 150 Tulasiuas
2. nndaniannuadnaudes ludandelsznevsesssnang lidanasionainislnauaznistngn

a

3. auiAENalnesNYe9dan EelsrnauesI TN ANANTAN 1A NI T WED Y N9AUNEAAALAY

!
A

AANUINTANgaNde9asINT AT Iianssamn endudesidusinistinsa Nuulinanaeniu

v
=3

1 UNUTANIANN AT AL AN N
4. ANTHNLBHIUTANIANNE TN UE LU AIRINTALATET9A MNKW 15 Aouluenafeadau THaniis

> v | = > ) = P~ y A X
muﬁfmumuvnumfﬂLL'N&NLL@%WJWNmu%’mm%ﬂmﬁ‘fﬂﬂmmmLLufJIu:HL‘WMJu

nmRnssalsenA
ADIEASEY 2RT8LAMAINUNBUATIUALUNITISY (WEIHe1qTa anq., RTA5280008) 1
AYNEYAIZIRAATLALWLAAE NINANENANaRSLIEN T AN NeAT I ATaINaNAAeY L3N 991
HARAAMNITNUATAYIIA A11A (WATARTTA Usznalne) U3m Tesanugnanvnasiinmig N.idu. (awys
dszwnalng) 1 Tesnugravnssutimaiingia 311n (gnesiLd Usswelng) Alkaaineniaaziiug
3 Y 2o o« - = S o o =g v sy
wnrudes uaztsEn Wulueed wilpea (1) A (ngamnd Uszinalne) niiauepasziii

=l
ATLANEINN



LNA1FD19DY

Waddell, W.H. and Evans, L.R. 1996. Use of nonblack fillers in tire compounds. Rubber. Chem. Tech.
69(3): 377-423.

Wolff, S. 1996. Chemical aspects of rubber reinforcement by fillers. Rubber. Chem. Tech.
69(3): 325-346.

Sombatsompop, N., Thongsang, S., Markpin, T. and Wimolmala, E. 2004. Fly ash particles and
precipitated silica as fillers in rubbers. |. Untreated fillers in natural rubber and styrene-
butadiene rubber compounds. J Appl. Polym. Sci. 93(5): 2119-2130.

aunarss AnATInyasd . 2548 mewmud T usaiafluianladlaay . nendinudiFoygn
AAINITNANARTNMNTUNAR a127313Aananlasn AnEAAINTINANERT uuanandamaluladngs
RONNAIBULT

Thongsang, S. and Sombatsompop, N. 2007. Reinforcement of Natural Rubber with Fly Ash from
Different Local Sources. Suranaree J. Sci. Technol. 14(1): 77-89.

Barbara H. Stuart. 2004. Infrared spectroscopy: fundamentals and applications. John Wiley & Sons
Ltd, The Atrium, Southern Gate. Chichester. England. p 84.

Thongsang, S. and Sombatsompop, N. 2006. Effect of NaOH and Si69 Treatments on the Properties
of Fly Ash/Natural Rubber Composites. Polym. Composite. 27(1): 30-40.

29N WNY1I9I0U UATATUE . 2552, NFAIASITIE L laflaaNLaNaaETIuaas . UNANNNITLIZTN
ammiﬁ?‘m @ﬂﬂ"lti@ﬂ%@u : ﬁ’)’]uﬁ@’mﬂ@’]ﬂ%%ﬁ’)ﬂ’]‘wLL@Zﬂ’]ﬁ‘sL%ﬂittilﬁﬂ@ﬂ’]\??ﬁL\iau

NWINLNALLNHFTANGFT ANLNUAN TN LA



