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The objectives of this research cover investigation the effect of particle size of
aluminium silicate on the physical properties of rubber vulcanizate, determination of particle size of
aluminium silicate for the production of porous, low density rubber with applicable strength. Water
glass (40% sodium silicate solution) with sodium oxide and silicon dioxide ratio of 1:3 was selected
owing to high quantity of silicon dioxide for reaction. Aluminium silicate was formed in situ by
reacting water glass at concentrations of 10, 20, 30, 40, 60, 80 and 100% with alum solutions at the
pH values of 2.98, 3.08, 3.15 and 3.28 respectively in compound NR latex. The products were dried,
compressed and analyzed for particle sizes of aluminium silicate, tensile strength and Shore A
hardness. It was found that by compounding latex concentrate at low concentration of water glass and
low pH of alum solution the particle size of aluminium silicate was 50-75 nm. Higher hardness was
observed when particle size was smaller than 200 nm. Tensile strength was high when the particle
size was smaller than 250 nm.  When the compound was frozen in a mold, thawed, dried and
vulcanized (temperature 150°C, time 1 hour) to produce a porous rubber medium, its hardness
decreased (maximum hardness 39 IRHD) with its density. When the pores were filled with methyl
mathcrylate which polymerized, _using benzoyl peroxide, while the rubber was vulcanized the

hardness was increased to 67 IRHD.
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Y1 ow 1 ~ 1 g Y Y A A A 3 A
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1n319 4.5 vnaeymavedezgiilisndanalvuIaeg1uEI9 300 — 8300 nm BYANIA
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=
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FANA ANUTUVY 60% V83 ILAIN 50 phr Fana ANUTUTY 40% ¥0In1IUAIN 50 phr
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S A a £ a =z
raniAeuTNUINNTUTTIAIGALAT
N3N 47 vnaouNIAYeIREglilENFaINANYLIARE 1UFI 150 — 4500 nm
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1317 4.8 veeuMAvetorglitisnGFanalyUIAed 1U%HI9 125 — 210 nm W
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317 4.10 vinaveI0YMIARLATIUBNFAINA

AMMAIYU 30% UYINILAIN 50 phr L1aY pH

VOIATHY 3.28

JU7 4.12 vinaveseun O QUIlENFANA
Y Y
ANUTNYY 30% VYBIN1IUAIN 50 phr Loz pH

YRIAITFY 3.08
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JUN 4,13 vave ey MnBQiIllaNFaINg

ANUVYY 30% UBINILAIN 50 phr 1AL pH

YDIAT A 2.98

d' a s aa =S ) £ = ! d'
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d' a A an = U 9 ] £ dd? d'
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=

WeuiuUN 4.10 udeyMnozglitlsuFANAGIAUMLNGUAUIBIVTIVUNT HAZTYUIADLYNIN

Yooz gitiondanaog 1449 50 — 600 nm
1317 4.12 ey 4.13 YAYNAVBIBLYUITENTAINADE 11UFII 50 — 600 nm

~ = Aa A Aaa < a 42‘ a A
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AMMAYU 20% UYIN1ILAIN 50 phrtiag pH AMTNIU 20% ¥04n1IUAITN 50 phr LAz pH
YOIITAY 3.28 YUIMOYNIADY UL YOI AV 3.28 VIO YNIADY UHI

125-210 nm 100-175 nm

!.,"'l

20k V

D.

71N 4.16 vinavesoyMaezgiitliondang 31N 4.17 vinavetoyn e gtieNFaING

ANVIYU 20% VBINILAIN 50 phr g pH  ANMTUTU 20% ¥04A1IUAIN 50 phr tae pH
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YOITTAY 3.08 Y IMOYNIADY U YOITTAY 2.98 VLIMOYNIADY U

100-150 nm 100-140 nm

=
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U

ANMAIYY 10% VYBINIAIN 50 phr LA pH  ATUTY 10% ¥04A1IUAIN 50 phr 1Az pH

Youa13du 3.28 vumeynIneglua YOIATAY 3.28 VUIANOUNINDY LT

75-110 nm 75-100 nm
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1773 1oanIneyMnezgiltiiondamnadiuluginmzngunueannnat (U51uINT)
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u q

ANUTUTY 10% VBINIUAIN 50 phritaz pH  ANMANYU 10% V04A1ILAIN 50 phr LAy pH
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YOIA15 N 3.08 YUIADYNINDE TUT YOIA15 N 2.98 YUIADUNINDE TS

60-100 nm 50-75 nm
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a A an Ad' ' |
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flnﬂ?;ﬂ 4.25 NUNANUNVUUUUBINTIUUNINAAAN ?Nwaiwmmmumuzmmmu
Y
9

] ' E4
I Lﬁﬂ\‘]iﬂﬂﬂﬂ?WﬂL%&l%uﬂlﬂﬂﬂi’Jllﬁl’JQQ‘] mgmﬂcnammmmﬂclmﬁu YoyallaadlunanNuIn

U

f.3



48

16.00

——pH=328
~
& 15.00 —®—pH =315
(e
&  14.00 , pH =308
=
H=298
§ 13.00 ™~ P
N~ 12.00 S~
4
2
2 1100 \_\
Z  10.00
g \\
s 900 \-
2
£ 8.00 -
(e
7.00
6.00
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Y k3
ANUTUTUV NN (%)

‘]Jﬁ 4.26 waﬂmamm@m‘nminammammwmummﬂmmmaw pH Gummiﬁmﬂaau

ﬂﬁ 4.26 wmwmﬂimmmmmmmmm’;umu’aﬂﬂ’n 30% ‘1/]50 phr GEGE
I 1 ~ ~
ﬂ?WNLﬂuﬂiﬂﬂl@QﬁiiﬁﬂJq\i mwa"’lwmmmumuusﬁqqﬁu !ﬁ@\‘liﬂﬂ‘VIﬂTJ%W”U“LHﬂE]HﬂWﬂEUfN

Aa A aa = == a Sldd? Y
pZguIHgNFANANIUIALAN %\‘]%’Jﬂlﬁﬁmliﬁhlﬂﬂﬂlu mau“mmmslumﬂwmﬂ .5

1800 7

1600 N

1400 \.\
1200 : \\
1000 \\
/

800

1heaia)
/

@
@

(tun

=

AITUATUNIULLITIAN

6.00

Y

4.00

2.00

0.00 T T
0.00 5000 10000 15000 20000 25000 30000 35000

viaeyMaezgiiitisndana (u Tumwas)



ﬂﬁ 4.27 mmmwmmuuimmmumaumﬂmmawamuﬂwﬁammwuummm

v 4 1 [
auiiameduanuAumunsanngsu Tasiivuaeyninezgiitoudanamaguina

nm JAIAWAIUNIUNTIAIGIDN 15.4 MPa Foyaudasluninnuan a.6

1 <
4.3.2 AMANNULUN

55

50

45

<
AININLUUY (IRHD)

40

35

30

25

/

/

/

/

T r T T T

20 40 60 80 100
Y 9 )
ANNVNVUUDINIILDT (%)

‘ﬂﬁ 4.28 ﬂ'l’ﬂ’!ﬂllLL‘IJ\MJ’[’)‘?]’N?JLGUN‘UH‘UENﬂ'l’)uﬂ’mﬂﬁ\i

a

120

A a a A aa ~ 9}3 =} Y Y
iiesnnlSunavesezgiiendanan laiuiilsnardesas Yoyauaaslunanuin n.4

49

< v a aa <] 1 ' A
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1 <
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Properties Test Results
Total Solid Content, % 61.78
Dry Rubber Content, % 60.09
Non Rubber Solids, % 1.69
Ammonia Content (on Total Weight), % 0.27
Ammonia Content (on Water Weight), % 0.71
pH Value 10.19
KOH Number 0.7443
Volatile Fatty Acid Number (V.F.A.) 0.0462

Mechanical Stability Time @ 55% TS. , sec. 960 on (17-05-2003)

Specific Gravity at 25°C 0.946
Megnesium Content (on Solids), ppm. 33
Chemical Stability Test (CST), mi. 2.0
Coagulum Content, (80 mesh), ppm. 18

Viscosity (60% TS, Spindle no.1, 60 rpm.),

cps. 97.9

Remark : Free from pentachlorophenol.
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@ 24 3
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10 PV = ZRT

9
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da31m3 lavewna luIasaun STP = (0.12 x (273+16)/273)

= 5674 cm’/s
o \ Y o K v
4.2 MmsAannammamwiritagusy
nngas manmwldudadyla = (QIOI(AAP)
& o o
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d' 2 9 9 = d' a = an A dgl
A1519% .1 guUAMeNINAIUANNAUNMIULIIAINYT I TxReuFanaNuY

WSanadaaensdamna(phr) ANUATUMUUITIAI(MPa)
0 13.93
1.52 15.39
3.03 12.29
4.55 6.50
6.06 4.39
7.58 3.42

~ wva 9 3 A A = an A dg’
A1TNN 7.2 ﬁiﬂ.lﬂ‘l/ﬂ\iﬂ?ﬂﬂﬂ/‘lﬂTLlﬂ’ﬂlJLL"’U\‘IW]J??J'IQ!T"BL@EJ‘JJG]faLﬂG]LWN"UH

YSunadatensamna(phr) MANULY9 (IRAD)
0 13
1.52 21
3.03 33
4,55 41
6.06 49
7.58 53




68

M1319% 7.3 AUTANIINMEAINAIHANIA LML IRINANUTUT UV TR euFAINAAI AU

ANUBNTHVBHASNTAINA (%) ANUMUMUUITIAT (MPa)
20 8.25
40 7.97
60 6.51
80 5.54
100 4.84

{ wva 3 A aa ' o
@nﬁ']\?ﬁ .4 ﬁiJ‘1_]@Wn\iﬂ']flfl1W$—;’]}"|‘1~!ﬂ'J'ljJLL"]Nﬁﬂ'N?J!,“i’JjN%uGUENT%Laﬂﬂ%alﬂﬁﬁ’l\i‘] nu

ANMVNTHYD A BIASNTANA (%) A1N1UU9 (IRAD)
20 28
40 35
60 43
80 50
100 53

Asun s ﬁuﬁﬁ‘wNmfmmﬁlmﬂmuéfmmuu,saﬁaﬁﬂmm%’wﬁ’umﬂﬂmﬁﬂwﬁmm HAZAINIY

I 1 o
Wunsaaegnu

J I Y
mmmgﬂunmmmmmu

ANNVNV UV BRI 3.28 3.15 3.08 2.98

BFANA (%)

10 12.34 13.59 14.06 15.44

20 9.35 10.73 11.31 12.03

30 7.94 8.29 9.07 9.23
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M5190 7.6 ANTANNMEN MM ILAINAIUMUITIAIRTIRo IR YMAD glitiouTana

VB YNIABZRHENTRINA (nm) AUMUMUNIIA (MPa)
62.50 15.44
80.00 14.06
87.50 13.59
92.50 12.34
120.00 12.03
125.00 11.31
137.50 10.73
167.50 9.35
325.00 8.63

~ v < { = aa
ATNN A.7 fﬁJU@]‘VINﬂWEJﬂTWgI}Wuﬂ’)?ﬂllﬂlﬁﬁﬂ’)"mlsﬁlﬂﬂgflﬂlﬂﬁT"]ﬂﬂEliJ“]fﬁLﬂ@l

1 [ 1
uazmmmmuﬂmmm

i
manudunsavesansdy
ANUTNIH VD BIR 3.28 3.15 3.08 2.98
FaNN (%)
10 41 41 42 47
20 30 31 32 34
30 28 29 29 30
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VNABYNIND QAIHLNTANA (nm)

ANNMUMUIIING (MPa)

62.50 47
80.00 42
87.50 41
92.50 41
120.00 34
125.00 32
137.50 31
167.50 30
325.00 29

- wAa 9 ] (Y] o= Yy 9 = Aan
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1 <l ' v
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ANUTNTH VD) BIR anndunsavesmsdy
FANA (%) pH=328 | pH=328 | pH=3.28 | pH=3.28
10 0.51 0.53 0.56 0.58
20 0.4 0.51 0.52 0.56
30 0.39 0.45 0.48 0.55
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TAaNTANA (%) pH=328 | pH=328 | pH=328 | pH=3.28
10 0.50 0.55 0.56 0.58
20 0.43 0.51 0.52 0.57
30 0.38 0.44 0.48 0.54

A13°99 .11 auianemeninduanndurvvesund lulasnulusagngu
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=S \ oV
TMNNBNNIUUBIUNE (Barrer)

0.51 3.06x10°
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0.39 3.57x10

{ EZN < @ ]
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ANUHU MUY (g/em’) ANNLT9 (IRAD)
1.30 (BaHaNM3 UBULUAN) 59
0.87 39
0.86 37
0.60 34
0.50 27
0.47 28
0.46 27
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0 39
1.52 38
3.03 34
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