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Abstract

This research aims to study the mechanical properties of rubber compound based on fly ash filler as an
alternative to carbon black which was the standard formula that suitable for rubber compound fabrication. The
samples were designed by reducing the proportion of carbon black; 5, 10 and 15 phr and replacing it withchina
clay and fly ash. Data was analyzed using Kruskal Wallis test statistics to compare the mean difference between the
mechanical properties of the standard formula and testing formula and then compared the mechanical
characteristics of testing formula and industrial tyres. The results indicated that the mean of modulus 300 and tear
strength of the standard formula significantly differed from testing formula: using carbon black 35 phr and fly ash
15 phr, using carbon black 30 phr, china clay 10 phr and fly ash 10 phr and using carbon black 25 phr, china clay
10 phr and fly ash 15 phr. The Elongation at break showed no significantly difference among standard formula and
all testing formula. The stress characteristics formula, which used carbon black 35 phr and fly ash 15 phr and

carbon black 30 phr, china clay 10 phr and fly ash 10 phr, were significantly different from standard formula. While

62


mailto:attayothina@gmail.com

NINTIMEIanswamalulad unnInenduauasesnll UN 21 atudl 3 Aueneu - Sueu 2562

comparing the mechanical properties of the industrial tyres and the testing formula, it was found that usingfly ash

ratio 5, 10 and 15 phr and usingfly ash 5 phr with china clay 10 phr can be applied for trailer tyre grade TD202.

Keyword: Fly ash, Carbon Black, Filler, Industrial tyre, Rubber compound
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Table 1 Standard prototype formula

Composition Ratio

No. Material Compound phr (Part per Hundred Rubber)
1 STR 20 100
2 Carbon black 50
3 Zinc oxide 3
4 N-cyclohexi-2-benzothiazone 1.6
5 Sulphur 14
6 Stearic acid 2
7 6-PPD 1
Note: Reference the original formula from the study of Xianjie Ren 2016 [5]
Table 2 Proportion of filler for rubber compound testing
Filler Proportion
Formula ID Carbon Black (phr) China Clay (phr) Fly Ash (phr)
1 (Standard formula) 50 0 0
2 a5 5 0
3 40 10 0
4 35 15 0
5 45 0 5
6 40 0 10
7 35 0 15
8 35 10 5
9 30 10 10
10 25 10 15

Figure 1 Test specimens
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Figure 2 Moony viscosity of rubber compound for Mooney Viscosity testing
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Figure 3 Cure characteristics of rubber compound for Cure Characteristics testing
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Shore A Hardness

Formula

Figure 4 Hardness of rubber compound for Shore A Hardness testing
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Table 4 The statistical value of mechanical characteristics between fly ash and china clay in filler compound by

Kruskal Wallis Test

Mechanical Standard formula Testing formula p-value
Characteristics Formula ID Mean (SD) Formula ID Mean (SD)
Modulus 300 1 14.24(0.46) 2 13.19(0.52) 1.000
3 12.06(0.29) 1.000
4 11.42(0.54) 0.332
5 13.88(0.26) 1.000
6 11.65(0.33) 1.000
7 10.76(0.40) 0.021
8 11.26(0.21) 0.231
9 8.91(0.12) 0.001
10 7.44(0.13) <0.001
Tear Strength 1 98.50(5.24) 2 95.50(3.36) 1.000
3 87.41(4.90) 1.000
[ 79.72(4.38) 0.812
5 88.63(5.73) 1.000
6 80.33(5.56) 0.812
7 66.71(6.06) 0.003
8 79.54(4.48) 0.722
9 68.24(5.58) 0.008
10 61.39(3.15) <0.001
Elongation at 1 468.63(4.95) 2 473.39(10.79) 1.000
Break 3 477.29(22.42) 1.000
4 470.23(24.01) 1.000
5 434.06(13.70) 0.264
6 437.97(11.87) 1.000
7 418.60(19.75) 0.075
8 449.69(14.23) 1.000
9 470.72(11.01) 1.000
10 454.81(8.23) 1.000
Stress 1 25.61(0.52) 2 25.03(0.34) 1.000
3 24.26(1.42) 1.000
4 23.50(0.96) 1.000
5 22.85(0.41) 1.000
6 20.46(0.75) 0.164
7 17.95(0.95) 0.002
8 21.02(1.36) 0.416
9 19.45(0.59) 0.017
10 15.63(0.45) 1.000
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Table 5 The comparison of mechanical properties between testing rubber and TD 202 rubber compounds

Testing Mechanical Characteristics/Standard Comparison
formula Tensile Modulus 300 Elongation at Tear Strength  Hardness Shore
Strength (MPa) Break (%) (MPa)
(MPa)
>17 9.2-11.6 >400 >55 58-68

5 22.85 v 13.88 O 434.06 v 88.63 v 64 v
6 20.46 v 11.66 v 439.97 v 80.33 v 63 v
7 17.95 v 10.76 v 418.6 v 66.71 v 60 v
8 21.02 v 11.26 v 449.69 v 79.54 v 60 v
9 19.45 v 8.91 X 470.72 v 68.24 v 59 v
10 15.63 X 7.44 X 454.81 v 61.39 v 54 v

Note: The mechanical properties of rubber compound formula TD 202 is based on the standard specification of the
manufacturer O means the tested value was higher than the standard value.
v means the tested value was meets the standard value

x means the tested value was lower than the standard value

WawSsuieuaudfidanavetenneuU1n nadougnstaenlandfdena Julumunasininsgiu
nagoulunmsiuiuesmenufigns TD333 Faduens Y948°9A0UUNIAEAT TD333 9N318N1T UaAAd Table 6
pauUMANIgd S UTaWsiaes wulifiensrauunag way Figure 567
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Table 6 The comparison of Mechanical properties between testing rubber and TD333 rubber compounds

Testing Mechanical Characteristics/Standard Comparison
formula Tensile Modulus 300 Elongation at Tear Strength  Hardness Shore
Strength (MPa) Break (%) (MPa)
(MPa)
>20 7.3-9.3 >500 >60 53-63

5 22.85 v 13.88 @) 434.06 X 88.63 v 64 o]
6 20.46 v 11.66 @) 439.97 X 80.33 v 63 v
7 17.95 X 10.76 0 418.6 X 66.71 v 60 v
8 21.02 v 11.26 O 449.69 X 79.54 v 60 v
9 19.45 X 8.91 v 470.72 X 68.24 v 59 v
10 15.63 X 7.44 v 454.81 X 61.39 v 54 v

Note: The mechanical properties of rubber compound formula TD 333 is based on the standard specification of the

manufacturer
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6 uaz 7 Jsuifissanifeniudn gasil 5 sniwnnsgiu
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Table 7 The comparison of Mechanical properties between testing rubber and T234 rubber compounds

Testing formula Mechanical Characteristics/Standard Comparison

Tensile Strength Modulus 300

Elongation at Break (%)  Tear Strength  Hardness Shore

(MPa) (MPa) (MPa)
>22 11.2-13.8 >450 >70 57-67
5 22.85 v 13.88 v 434.06 X 88.63 v 64 v
6 20.46 X 11.66 v 439.97 X 80.33 v 63 v
7 17.95 X 10.76 X 418.6 X 66.71 X 60 v
8 21.02 X 11.26 v 449.69 v 79.54 v 60 v
9 19.45 X 8.91 X 470.72 v 68.24 X 59 X
10 15.63 X 7.44 X 454.81 v 61.39 X 54 X

Note: The mechanical properties of rubber compound formula T234 is based on the standard specification T234 of the

manufacturer
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Figure 5 The Comparison of Tensile Strength between testing rubber and formula
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Figure 6 The Comparison of Elongation at Break between testing rubber and formula
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Figure 7 The Comparison of Tear Strength between testing rubber and formula
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LwiLﬁaw1ﬂuuﬁuﬁmaq%ﬁmﬁmglamaﬂ%a(‘m‘ﬂ' -OH)
viomyleaueasgluunasnnyiliianuduiags 43
n3suandauazidnsuensitliidalden fadudoiud
asufifdandussduszneuumaunuiusidazdedi
ansgeulmaunlddmsiel13] Wefinsanvuinveadi
asgfivhanltlunismaasuiirnedeegil 32.94 luasou
Fefiotrflawelng idrasefildlunisvadevi Wain
13 09 NTUH UYWIALE N UUNTELAIL (Multi Cyclone)
ounaRaust 10 luaseutuly waglikiunssuaumsuen
YAy N1Avedld1aosnautuild 99 Weeraya
Vorakan (2010) [12] W31 81955509ATIANTAN e
sewdassiifluuindnnd 25 luaseuazlidnuaznnsg
AIgUTesELazaNURNalAgTIANTINITRNA LN

avgIUINBUNA 45-47 lupseu

nanstUSBuiBuAMLANssAeAEEna N3
Tdehaee WWuansifulugspeudndtvaasduiuulag
1%adi@ Kruskal Wallis nagou dmsuaiadelugda ua
Andnnuiumusidnn wuigasiuLuULey gns
g19PeNUNAgAT 7 9 uag 10 uansnefuseasiudndy
n1aadif(p-value <0.05) @ msugnsdu q wudn lal
WANFAI9INEATAULUY fiadl esnanfinsandndou
s dadinarinlinTugda uasaumunIuLSs
dnvnanas lesneynafidvuiadnuinueaiusincm
szaglunsiniziwesensliuuieinnsaigy uiiile
nawnusioidasefidvwelvginiduilininniefves
synavesssliainane vihliauudsusianas [11]
dumsdasn nud grsiivhmsneaey liumnsnsiugas
g19AuLUUNNERS wandliliudn1saunuidaae
\haee?l 5 10 uaz15 phr audinisindseglumnnsgiud
fuavedenIneNUNIRTaTLN LazAIAIAY SEUTng
gasfuLUULATgaVagey wuIiliiesgas 7 uaz 9 7
LANANS9INGASHLLUY dnsugasesnouuniay 4
LANANINgAsFULUY Bevinliifiuin nisldidnaes 15
phr wazn15leia1aee 10 phr wauiy Auwia 10 phr
fansaudAdanasuanuiuliegluinsguesgnsens
ABLUNINGATAULUY

definsandndiuiinzaslunsifuiasslu
g19nouU1In lnsiuTeuisuiuauandfvesenssn

gramnssudilaldanuss wudn nisldidnase dos
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gm3189U 5 10 wazls phr wagldidnase 5 phr sauiu
Auvn 10 phr wnuasiei Wugasivanzaudmiuns
NARE9ADNUNIRERS TD202 ieensiinandususains
1003 drunsnanesANUNd gas T234 vioensiingn
dmdudesainuastiunudn msliidnass fesasdau 5
phr wazlditnase 5 phr $aAUALYIY 10 phr WnuLwan
i Wugasfimunzanfigalunisudneisnouiiingns
Fananad wivieil azdesuuugsnuanTAgIuAwE
dwiugnsvesnsidiinaegunuluing sagdnsid 5
phr waz UuugsnmandRcuamiy dmsugnsild
\é1@ey 5 phr $2ufuAuY2 10 phr edslaismmmnsgm
99819 T234 91nN15ANYIUBY Wipawee Pattanakul
(2011) [3] wuin ansduAuideynaldnazyoLasy

a

UszAndnnliavene lagyldanudiuniunsnsems
Wisdu 9 13010 i Fadululddn auaudivesens
AoNUNIRAINNIINAEU TisiArAuEn wazAALiy
FadunuaniBvesnusiuniusensaie vesens alail
WMIFIUMINANANTRTD9819 T234 LNT1ZUUINBYNIA
voudraseiiviunldlunisnageuaseiifvualng

(Aade 32.94 lunseu)

dorauauz
LidaesUsznauniearseiiunidvaiyviia

fesAuszneunanaedini (Silica, SIO,) agiui(Alumina,

ALO.)

aspfuTanUszianindiuesiu nudt WaeeiinIung

wazoonlesvoduan (Iron oxide, Fe,0,) LN

Usudsedeasgavyszan leiau (Silane coupling
agent) anansavhminilduans duAuAuaiuuswosian
p1lsiilosan“dant” Fuduesduszneunisluitiaes
ArunsUulsaiafsasiaddana1auds awnsn
eulvsulinanavessld fedunisfnwmndnardand
wnzaulunisldidrassifuansifnieivnuan
Jana Tuansusznounediwes du 4 SaarsinisAne
dufudieysslomiveadiaesliiuniu
2.31NN19NAFUANTANIINIEATNLAE
\isnavesidraesinyuidinuaFiaunsalinaunuans
Fndsddd aduasiiidranesssmeld fady
nigunnsgasdnasulidnisuiaaesluldly
gaavnssuenssaliind witeasuaiwaind udass

wazansunulunsndauaziiulseloviseduilan
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3 anudszneumsasiansanlunising
13 pasinoyALd1aseT duszAnsaiwgefianunsa
USulsasednuuneunavesdiaesldlifliuindnas
IndistvoyniaveaamGdnnia 25 luasew) [11]
ilemsthiiassndululdiduansiislunaniaeions
gaamnsauliinntunarantymuaiivaindueyniaiii

aegfignudegeengussenie

AnAnssuUsznne

YovouNsTANUT I IwIuneUaistu S1in Ml
mueyaswlunsle haey wesilogunsal Tunns
naaouauansAvesssneuflun1sviiideluadsd
YOUDUNTEANAMIANTEINUNINe e glaiesTsassy

Paduayuuazliruuzinsiidelupseliauudeda
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