U \
Unaage

Fd
HaveIuLIa Usua nazmslsulgsiuiivesneanes dlaudoauiianisasgiuazauiadinave s
a =2 Ao dy a Aq ¥ awv d’l 1 1< ' ' ﬂ
sasuaagnany1luauldel Tagwemasialaunlslunuisetiviseemiu 4 nqu aeanguusmiily
= ] [l (] @ ] (] oA < T
woaaes a lauh hilakumsua uarumsfaenvuiadleazinsssou nuadunquadivua@nnit 106 luaseu
Aa <3 ' = g = A ' '
(PS(<106)) Hazitivaanndl 38 lunseu (PS(<38)) Bnasenguiluneameidlauiimiumsua Tagutnguay
n33u3snldua nquNAIUMIUARIE current jet mill (PS(IM)) HAZNAIUNTUAAIE wet ball mill (PS(BM)) HAN13
ANTIZHMINTLNBVUIADYAIAUDINDAIADS A TauRpURIUMITUABAAWFeIgand1 Tatla 91041 d(0.5) Az
=~ o w =) oA 1A 2 A @ d’l
d(0.9) mmimﬁmmﬂuwammﬁﬁimumﬂﬂqwmumimumqa"lﬂmﬂwqa @il PS(BM) PS(<106) PS(<38)
' < v o Y A A 9 a ' S o A Ay v
uag PS(IM) afm'lifmmwawmmiaum&ﬂamﬁmqamﬂ%uﬂ N1 PS(BM) 1A d(0.5) mmqmmzﬂm"lﬂn
9 ' d' s ' d' A A d' Y a @ d! 1 '
voonlunsou luvaziinoamesalau 3 nguimaoiinn d0.5) #lndiReanu deeglusialszum 3-5 Tuaseu
Ysmmveanoamoidlaui@uogh 10, 20, 30, 40 uaz 50 druludosdiuvessns asgaIlaan sico waznsa
a a4 < d o v (@ { a a
Ao niianuduiy 2 uag 4 nlefidud lasvihmingnlfiiudnlsudseiuia Tasanuaunsalumaaiunseves
woames a laugnAnyulTouifeunums IFasdnduaiunsnumsar 2 ¥ia fie Fanwuuanaznoulaz
J <
MIUDUUUAN
' a =) ° v J
HANINAARINYI Msauneamesa Inuildszeznaranassuaznarlumsniglesanas Tag PS(BM)
' ' i 4
wdawai ldszeznar lumsnsglenanaunniige luvazfilsmaveneamesdlauiiau lilinadonmsdes
1 4 4 '
dmsuauifFinavesenniidunoanesa lausziununmanazdiunvesneames a lauidy Tagsauudn
H 1 Y
gNTITVMANAN PSBM) NUTumdana 20 8 50 dramludesdiuvesens iannununsds anudmsanuia
@ 3 ' AN o1 a v a A [ ' a = 1
ANuAumMumMsiIag nazaNuudsgeaniend iauasduanlan uazan lddagenimsaunennesalaunqu
A a Hq 9 = v a Y o A A 1o
a1 TaglSumves PSBM) N1HAIANUNUIIIAL ANUAIUMIDANIA 1AZANVAIUNMIUNMITARNGINTAIZ0YN
1 1 [ @ 4 < A g a =) A a 4 = =
30 drwlufesdinvetsnn dmsuanuedUesIIzNN AT oA d Taudiay enlSouifioy
v A a ~ Y A a < 1 a a =
auidvessi@uneanes a laufuesi@uaiuouuuan wud anwannsalumsasunssvesnennos a laull
AManInn luvaziAAumuNsIaT ANUAUNMUMIANIA tazANUAIUNIUNITARIgATD I NIANFAN
cs' " Y a @ j‘ a A = [ d' a oA d' Y A [ a
suvanazneud lulamuasdsuljeiurniieiisuduesi@y PSBM) wun IanlndiResiy TasdSuaves
v i Y
FanuuUAnAznouNaz PS(BM) Mg anazegh 20 naz 30 diuludosdinvesersawdrdy msdsuilgeiui,
area1sgaiu lanau Sie9 naznsamAesin lulinaaeanuanniolumsiasunsavesneanoidlaunaodiels ua
' k4 '
I FanwuvanaznouniumsUsulgaiuaidreasgain laau sie9 sz Idaniasinangenganuy

d' m vy [ dy a 1 1%
Glﬂﬁ$ﬂ@‘lﬁ/lVlllllﬁW"I‘L!fﬂi‘ﬂTU'L]?J;QWHN’JQEJN“H@H]H



Abstract

Effects of size, amount, and surface modification of pottery stone (PS) on the curing and mechanical properties
of natural rubber were studied here. PS used here was divided into four groups. Two of these were raw PS without
grinding. By sieving, PS with particle size less than 106 micron (PS(<106)) and less than 38 micron (PS(<38)) were
obtained. The rests were ground PS classified by grinding method. One was PS ground by current jet milling, PS(JM).
The other was PS ground by wet ball milling, PS(BM). Results from determining particle size distribution of PS prior to
ultrasonicating showed that the order of PS according to their d(0.5) and d(0.9) from one with the largest size to one with
the smallest size was PS(BM), PS(<106), PS(<38), and PS(JM). However, it was shown that after ultrasonicating for
10 min, PS(BM) had the smallest d(0.5) and its value was less than micron. The remaining three PS groups showed
nearly the same d(0.5) which was in the range of 3-5 micron. The amounts of PS were varied from 10 to 20, 30, 40 and
50 phr, respectively. Silane coupling agent Si69 and stearic acid at 2 and 4% by weight was used as a surface modifier.
The ability to reinforce of PS was studied in comparison with two commercial reinforcing fillers, precipitated silica and
carbon black.

The results showed that the presence of PS shortened the scorch time and optimum cure time. PS(BM) had the
greatest effect on the optimum cure time, while PS loading did not show any significant impact on these two curing
properties. For mechanical properties, it was observed that they depended on both size and amount of PS. Generally, NR
filled with PS(BM) from 20 to 50 phr gave higher tensile strength, tear strength, abrasion resistance and hardness than not
only those of gum NR but also those of NR filled with the remaining three PS groups. The optimum loading of PS(BM)
for the first three properties was at 30 phr. While the hardness increased proportionally with the increase in PS loading.
When compared to carbon black, the degree of reinforcing of PS(BM) was considerably low. However, the highest
obtainable tensile strength, tear strength and abrasion resistance of NR filled with precipitated silica without surface
modifier were comparable to those of NR filled with PS(BM). The optimum loading of precipitated silica and PS(BM)
was 20 and 30 phr, respectively. Surface modification of PS by silane coupling agent Si69 and stearic acid had no effect
on the ability to reinforce of PS. Nevertheless, the Si69 modified surface precipitated silica gave NR much higher

mechanical strength than the unmodified surface one.





