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ABSTRACT

246704

In general, mixed fillers are added in the rubber products in order to improve the
required properties and lower cost. For dark or black colored products, carbon black can be
used together with cheap fillers such as calcium carbonate (4Q and HF), clay (SC and HC) or
talcum (TC) to lower cost. In this research, the mechanical properties of natural rubber filled
with carbon black (CB), and non-reinforcing fillers or semi-reinforcing fillers which are CaCQO,
(4Q and HF), soft clay (SC), hard clay (HC) and talcum (TC) are elucidated at various filler
ratios. The total amount of mixed filler for every formulation is 50 phr and the amount of CB is
varied from 0 to 50 phr. Besides, the mechanical properties of natural rubber vulcanizates
filled with CB and cother fillers are compared at similar hardness level. In this case, the
amount of CB used is fi;<ed at 30 phr while the amount of other fillers is varied in such a way
to obtain the vulcanizates with the similar hardness. Thus, the total amount of mixed filler for
each formulation in this case is not equal.

The results show that Mooney viscosity, hardness, modulus, tear strength and
abrasion resistance of the vulcanizates decrease when the ratio of CB and other fillers is
decreased. At a specific filler ratio, the rubber vulcanizate containing CB/HC exhibits the
highest hardness, modulus, tensile strength and abrasion resistance. On the other hand, the
vulcanizate having CB/HF give the highest flex-cracking resistance and tear strength while its
compression set is similar to that of the vulcanizate having CB/4Q.

At similar hardness, the cost of rubber compound having CB/HF is the lowest. In
addition, vulcanizate containing CB/HF has greater tear strength and flex-cracking resistance
compared to the vulcanizates having other mixed fillers used in this work. However, the
vulcanizate having CB/HC shows the higher modulus, tensile strength and abrasion
resistance than other vulcanizates. This is because HC is a semi-reinforcing filler and can be
dispersed in the rubber better than HF.

Keywords: Natural rubber, Mechanical properties, Carbon black, Calcium carbonate, Clay,

Talcum



Qv
#15115Y
3
Wi
naRnssalsgin... AN | o il aleile . W W . . l
uvanta el . By o R A ............ SR Ny I
ABSTRACTE. % 0 S8 . NN . ..... . - 1 siiss, e o0 1l
HTRIE . o e i T O N N A S ... SRR ) WY
gt Tt = S e N e T - R %
R A O DU .. (N, WO G WP i, 5. - NSO Vii
AR UNERUANWOIWAT AR . . ... I
ORI = . e WL e W8 b 1
1.1 ANAAUATANITIUINTINTSIRY. 1
1.2 FQUITRIATBATATINIT. .o 1
e‘ a a s d‘ d‘ ¥
1.3 N W AATUNSITBUATHAMUANETRY. ... 2
1.4 WRULUBRTUIREL .ot eiieeissesssasasss s embe s s b s sib e s smme e s seme e s sttt eene 3
1.5 Uz lamienadna 8T U 4
UNT 2 TAQAL LATDINDURLIBNITNARBL. ... 5
2.1 A0 (MBS . W S B o PP s« g e s o sl 5
d
2.2 1ATAINY (INSIUMERIDk. . ... . FW Y W om0 ol 6
n) wezasilefldlunisaaunwnasuasnisBugl 6

) LTI AN L LN TN AR UANIT B oo, 7

2.3 NNINARDY (EXPErimMeENtal) . . 7
= o
N) WATUNENNADNWNIIO ..o P SOV ovoon 7
T} PRI EEETRFNTLL . oo s« o .. - U WRRERRL .. ... 9
A) NITNARBUANI YDAttt 10
UNA 3 URNITNARBIBEIRVTOD. oo oo, 11
3.1 auTAEIN A998 TTNT AN N AN TN A Ua9F AN T HA LT uwa
WIRNAUATNUTI I RAVUEINT. ..t 11
3.2 ANTTRAEINATAILNNBITNTINEN L dI AN TN LA s AN T A L@ Tie
G A a a 1 d‘ [~ v A o
WIANUATHUTITHAR ] NAMNUIINARLA. ..o 28
P
UNT 4 FFUNAAVINARBI. ..o 34
N e e e . R R 35

JVARUIN ... NN s - ciorosnce s o et e = 5 O eioorta UL < 5.5 00 E ORI 56 3,450 P AR RSB RTE e 5 3.0 o s 36



CRERIERT
U 1 NN SEM TesunssssuTATIRN CBAQ idndatsing
d 1 Qd‘ a dl 1
3UN 2 nwdng SEM 104819855 H T RGN CB/HF NAREI16

3U# 3 M mdng SEM 1esenasssum AN CB/SC Tikndausing 7

a

31U 4 Mg SEM 2898198951 AAN CBHC NARAIMENN ..o

'
ad a

< . | o !
3% 5 e SEM 18981985 INTFNGAN CB/TC NARdIUANS 7]
31U 6 Anunlayulireseesssnmdiansdndouaasanssifuna
seudnasnnuay 2 filler
31U 7 AudNRUSIzUdng storage modulus WAz strain amplitude 4898198771 TNR
dl Qs 1 o a
WawlnfFunudadauanssabiunan CB/4Q

gﬂ‘n 8 ATNANWUTITUING storage modulus WAT strain amplitude ABIENNGTTNTER

AU BN R RIBR TR URNNAN CBIHF .o oo

31U 9 ANANLFTEUIN storage modulus uAE strain amplitude 189819657
Haus Bunudngauansiaidunan CB/SC
gﬂﬁ 10 ANNANNUTENIN storage modulus (G) WaT strain amplitude 984
81955717 Lilautls BN udadauanIfaFANNay CB/HC

gﬂﬁ 11 AUNRNWUSTZMIN storage modulus (G) Wa¥ strain amplitude U84

BN9ETTNTR AU N R AGIUANTTNRNNAN CBITC. oo

51U 12 AruuderessvsssutdiloulsdndauaeansaalRunans I

WA AL 2" fillers

a A

d o s a 1
51N 13 300% Tugaare9sIINTANausdnd I UIaIaN A RNNANTENIN
WA 2" fillers NAUNNTUNS

19 14 Anszeztin tu AAIIATBIENETINT AU sdndauTBsa s RumAY

SEUINNAHIANAY 2™ fillers ABWANTUNII ..o

19 15 300% TupAavIBNNEITNT AN BULTARAIUTBIA TFRNNANTZWIN

EHAAE 2™ fillers AN VTN

g1 16 srazin 0 9a110 1898N9ssTNT R aLsdndauTeANIFIRN AN TN

WHAAE 2" fillers MAINITUNIS

Il

U 17 usaRaTiqAIIATeEess TN RLEa WL sdAdauTR AN TFIRNHANTEM I

HNAAY 27 fillers ABWANTUNII . . oo

17

18

18

19

19

20

21

21

22

22

23

24



a9utwsy (sia)

< i a A v a :
1% 18 usadaiigaannresetssTiTRieusdndouressnsiaFnnaNszudng

WNAAIUAE 2" fillers MRINVTUMSS. oo

gﬂﬁ 19 ANINNUABNITANT1ATB9EN959SNT AL ouL s R AR UTEIa T B n A
sudnaannauas 2™ fillers
g1t 20 AmusiensiadaessssssumBidieusdadauanansiadunan
FENINLBNIAUAT 2" fillers

d a d o/ 1 o a
319 21 Mmadagiainussnaresessssuiidiaudsdndautesanssainnas

FEMINUNNANE 2" illers. . oo

717 22 1unarereguan (1HagniWLeesIuIL 20k 181) 20987985 THTN R BULs
L

dadauaasansiuinnanszdratinauaz 2" fillers

= o . v o : i .
glhn 23 ma*umam:rm:gﬂmwmma‘mmmﬂ stress concentration # crack tip
27 24 pnaudivresenesssnmAaldisingnsauiu 2 filer 1linsnag
31 25 nwdne SEM 184 fractured surface 1898198553973 T8 AN 714

Vo Y v a a4 o A 0w
wHFNNUATARNTIARN uasiRaudauiaanudariniy

717 26 300% tugaaveseasssumGERId ANy 2" filler THimRn

d‘ P d’ [ v o ' o [ '
LN?JLLE‘EJULVIEJ‘LIVW’YJ’]NLL‘INlﬂ@LﬂENﬂu NAUWACURINITUNIIN. ...

U7 27 szuzdiafiqnaneesansassunAnldimsindnsaniu 2" filer slinsinen
o a = < v o ' oz ' !
WanFauauianuudalndireeiu neulazndanists
A = ell Qd‘ k%3 1 o 1 o nd .. a '
31 28 unnsiiqanaressasssnTIAN Ay 2 filer Tlinsinag
dll P dl < v o ' o ' '
WewFauwauianuudalndiAaety deuuazndanisus
319 29 1Bununsgydeannnisindeesensessuananldasinansaniu 2 filler
a ' d‘ a a‘ < v o
1iasne) WauFauisuianuudlndifsasy

al ' a Ay v - o nd .
?.‘LI‘II 30 ﬂ')"m'ﬂumﬂﬂ’]ﬁ"ﬂﬂ‘lﬁﬂ‘ﬂ'ﬂ\‘]ﬁl'Nﬁﬁ‘ﬁ‘N‘ﬁ’]mV]l‘ﬁL‘ﬂN’]ﬂ"ﬁ")NﬂU 2 filler

a ] d‘ I d‘ [ v o
TUARNIN LN'ﬂLLﬁ‘ﬁIULV]FJUVIFVJ’]NLL‘INIH@LF]ENHH ........................................

=

2l a 17 ' o ' o nd =
51U 31 N199E1BIUNATDITREUANYBILNISITNTNAT 1A FanTY 2™ filler
a ] dl a d’ [~ v o/
Tasne WenFauieuianuudalndideeiu
3% 32 madaglannusanavecenssssu AN atnfdan iy 2™ filler
— P - &l < v o
WAs19) waFaumsuinuudlndineany
519 33 AuumnenTasussingsssNT AR tnasauTy 2™ filler TUAFT

d; = d‘ < v [
LN@L‘LE‘EI'ULV)EJUV]ﬂQ’]NLL‘II\ﬂﬂ@LﬂENﬂu

24

25

25

26

27

27

28

29

30

30

31

31

32

e

33

33

\



ANTURYAIT

o ; .
A9 2.1 IeeYNIA (7 d(0.5)) 1euaaidanarfuamnililunimases
FIATIEWAQEILATDY Mastersizer (Malvern 2000)
A d ] as a _a 1
M1919IN 2.2 %fﬂﬂmm:mmmmmsmmmummm
d d‘ ) 1 i o a = d‘
M19149N 2.3 73m*nlﬁﬂumsﬁnmummﬁmmummL‘nmm/mmqmmummm

'
al =

ilsaauTRTINATBILNEITHIA
gnsnlflunsAneuBoufiouanifdnateseeassnnianldiatnn

A1519N 2.4
1 o o a d‘ -#I = [ 1 o
foaufuansAaANaU elANLTINNY

< < = =

AN9199 2.5 TumaunIsanealuATasnansuLila

. v
A519N 2.6 Tupauprsuanarannaanuatstaslunisdaan ludly
' L v
LATRNHANADIGNNAY
= il -
A9199 2.7 N RsgaunidlunimmaaauaniReedsns
A e = Y Qs 1 o a 1

A19190 A1 ANTBANY ] 189898 9THT A BuU s AR dIuIRIAN T ANHANTENI 1
WHIALAT 4Q

M990 A1 @NTEFNN 7 2898 esTHTAllandsdndiuansansialANaNsEnd N
HIRUAE HF

d e 1 a i o 1] o/ a 1

A9 AT auLTBRSN 7 18987989INTAaULARFIUIDIANIAURNNANTEN TN

|wiAaT SC
d a1 a d o/ a 1

A9 A1 AaNITRENG 7 78981989 AN BuL s EARIUIRIAN SR LANKANTININS

HIAIUAT HC

A15199 A1 ANTEFNY 7 10989ssINT AU dRdIUIDIAN AN NANTEN TN

WHIAMATNAAN

Vil

36

37

38

39

40



NR
CB
4Q
HF
SC
HC
TC
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#987701R (Natural rubber)
1A (Carbon black; N330)
wAALTENATUAUR 1NTA 4Q
wANTFNAITUBLUR NTA Hifill-S
ganvilaatl (soft clay)
g1iaiAatl (hard clay)
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