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Abstract

Calcium carbonate (72.6% slurry) was added in low ammonia concentrated natural rubber
latex as a filler into natural rubber latex compounds for study of making natural rubber sponge with
Dunlop ° process. It was found that the viscosity of latex compound was dramatically increased as
adding different amount of calcium carbonate (30, 60, 90, 120, 150 and 200 phr) and the surface
tension was gradually increased, while pH of latex compound was slightly decreased. Carboxyl
Methyl Cellulose, CMC, (0.25, .5, .75, 1.0, 1.25, and 1.5 phr) was added into latex compounds to
prevent of calcium carbonate precipitate during the process of making sponge. Tetrasodium
Pyrophosphates (TSPP) and Sodium Hexametaphophates (SHMP) were added to against dramatically
increase of latex viscosity. It was found that increasing the amount of CMC would also dramatically
increased the viscosity of latex and the surface tension of the latex was gradually increased. This
effect to difficulty of making rubber sponge. It needed more time during the process of making
rubber sponge. When addition of this amount of Calcium carbonate. Addition of Calcium
carbonate (30, 60, 90, 120, 150 and 200 phr) together which 5%CMC and phosphates compound
TSPP 1% of CaCO, could be made a good rubber sponge, smooth skin surface the density, hardness
of the sponge was increased and shrinkage and collapse was increased as increasing amounts of

Calcium carbonate.

Keywords :  Natural rubber latex, Latex viscosity, Sponge, Carboxyl Methyl Cellulose,

Calcium carbonate, Phosphate.
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2.1.1 #1894 yHaueu IuHed1 (LA Latex) NSuiauiloenauie (DRC) laamas
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3.2.3 ANMEDEINIINaVINIEI (MST) NAaoUadil
] Aa 3 3 oy " @
D USudSuavesudanavualuiite1unitiy 55% atea1sazany
=
wou Tuitle 0.4%
o 3’ [ [ 2’ 9 gl =1 a =1
2) inhenldgulusraihdousmieniiguugil 35 seruwadod
3)  NTOIHIUAZLNTIAIA 1S aiin

Y

J Y )
4) ¥1181901 80.0+0.5 ﬂiwiJLﬁEWi1ﬂ'lﬂ’)'liJ!,’(?fafJi“Vﬂ\‘lﬂﬁeU’fJ\i‘lj'l‘(’lN

a

y g’ < =1 o
5)  Tuheaennus 14,0004200 50U/AUNHIUNTENIDIAYA
3.2.4 ANNAIRIVDINIENS (Surface Tension )
Y 1
D e 3-5 a5u lalunszanuin 19U UUNUUBUATEY Du nouy
surface tension
9 Y
2) 15U #n AIZAINUIRAMVUIUAIVD NG NTURAIUIUKIUNDA
1 9
3) AR AATLAUVBINTZLINUINNAINT DA VN UNUUIUIINHIUTY
Tﬂsﬁﬂy1'5zﬁmmmuummmmuiﬁ'agj“luumizﬁmaamam ik
Y Y
IFUTITOIIUNUNIUKRADINTIEN
1 1 = a A 9 A ~ ] I
4)  owumanuasRInniniavounses druleily dyne /om
3.2.5 ANUNHAYENENS (Viscosity)
vy s
. WenavueN] i (LA)
E
o o [ 1 4 A Aaa [
D dnhewdu LA 1500 nsu ldludinmnesuuin 600 Uadans uia
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4. HamInaaoIazITo!

4.1 auian llvesinenasazmsiniiony

[

wa o Y A 8 o Ao A
4.1.1 v sturiasenlmiiai Iaeil

TSC = 62.14 %

DRC = 6025 %

Surface tension = 38 dyne / cm.
Viscosity = 91 centipoise
MST = 11 min

pH = 10.89

Alkalinity = 0.25

A v A d [
4.1.2 antidensaafuunaiannsueiun (CaCo,) sazasiSuanuniia (CMC)

CaCO;slurry :72.6 %

Particle size = 0.7 Um.
pH = 9.04
CMC : pH = 6.74
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A Aq Y ) A Y o ) ! A =2 a
fﬂiLﬂ?JT]Gl‘]fclUﬂﬁVIﬂﬁﬂﬁllﬁﬂQﬂ\WﬂiN‘VI 3 UAIUIUNIAIAIANUHUA LAZAITUNINA

d' ! :I ~ a = o a 1
f13190 3 f:’f’J‘L.lWﬁﬂJell’0\'1’L!1EJN‘VILLﬂiﬂillTil!L!ﬂm“]iimﬂﬁﬂ’f]mﬁﬂiﬂﬂm@ﬂﬂ‘] (TSC = 60%)

v (phr)
sindl-qasi 1 2 3 4 5 6
60% LA latex | 100 100 100 100 100 100
72.6%CaCO, | 30 60 90 120 150 200
RS 8 17 26 34 43 58

Y
v A

v Y Y
90 = 100 [miure (@e+ensdaan)] —ihminalen 1e1e + asdauan)
60

[100(100+30) / 60] — [(100*100/60) + (30*100/72.6)] = 8.6
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g‘ Y a N o 1 A 1 = 4 a
mtm*uuﬁvummﬂmuammmaumﬂumﬁm 3 Glﬁlmm“lfﬂllﬂﬁﬂﬂmmlﬂiﬂilﬂﬂl

E4 9
199 998l 30, 60, 90,120, 150 118 200 phr A3IVAOUA pH ANUHTA HAZANNAIFIVE N
819 A931/9 3-5

11.5
11
T ’—‘\0——0\*‘_‘
o
10.5
10 T T T T T T ]
0 30 60 90 120 150 180 210
CaCOg ( phr)
d' a =1 4 1 1 09}
gﬂ‘n K] Wa""@\ﬁJ5N1mllﬂalcﬁﬂuﬂ1§ﬂﬂlu@@@ﬂ1 pH YBDIUIYN
1500
~ 1000 |
o
2
2
= |
é 500
>
0 T T T T T T ]
0 30 60 90 120 150 180 210

CaCO; (phr)

q‘ a IS 4 ' A . . g’
E‘IJ‘YI 4 NﬁellEN“lJ5ll'lml,!,ﬂaLGIfEJNﬂWi‘]J’E’JLUGW]E]ﬂ’JHJWuﬂ (VISCOSIty) VBIUIYN
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60

E 55 -
[}
c
@ 50 -
[
S 45
2
&
> 40 -
(&)
3
5 35
(9p]
30 T T T T T T 1
0 30 60 <) 120 150 180 210

CaCO;z; (phr)

d' a = o 1 =K A . g'
g‘lh’l 5 HaveIUTINAUAAFINAITUBDIUAADAINAIND (surface tension) YDIUIEYN

~ ¥y I ' = < g ° Y
5UN 3 waaslimiua msldunaeumsvoua Tutiiens milvia pH voes

u

2’ 1 1 2} [} < { |a o
WIYNABYS afad Laen pH ﬂl@QUWﬂNﬁlgﬁﬂﬁNﬂEJN'ﬁ'Jﬂl‘i':]“ﬁﬂ§N1mllﬂﬁlﬁ§ﬂﬂﬂ15ﬂﬂluﬁ 100-
4 J J Y o 1 g’ : 1 @ 09/’
150 phr 099 1ALAAFENAIS VOLUATAT pH IND 9.04 @1n3111187139%93A1 pH 10.89 Aa1il
1 = J cy a ] v &R o Y < '
ﬂTiiﬁLLﬂaL“ﬁﬂﬂJﬂTi‘U@Luﬁﬁ\‘]hl‘]_lﬁluiﬂfﬂﬁl]i3J']fl!thiﬂﬂ‘Llﬂ%\?ﬂ?iﬁﬁﬂTWﬂ?WN!ﬂul‘Uﬁﬂﬂ'(’JG]
' 3 ! @ a J A 4
AN ua3%zaﬂaqamﬁammﬁsmmm@ﬂﬁwa WTﬂ‘llﬁﬂﬂ‘!!!,ﬂaL“L]:fEJiJﬂ'IﬁJ’E)LUﬂLWM‘ldJ{u%ﬂ

a1 pH ¢ linlasu)asunmin

1 1 A g} 9 a ~ o ~ 1A =
AIUAIAINNUNUAUDY 60% ‘LHEJNﬂJHBIf‘LMLL@%JImuEJG]”IVIiﬁ‘]Ji?JWmLLﬂm“BEﬂJ

9
1 1 =)

Msvoa USuaaae) Av 30, 60, 90,120, 150 waz 200 phr a1 11/ Iuiens wumanumiia

oy U Q' d? a = 4 d‘ 1 2’ 1Y d‘ d‘
UBIUIYINISABDEY MuvHMNsavesnaBeums vatuan bd luie1eaesUn 4 1iesen

u

= J A a 3} @ ' 2’ o Y Yy 9 g‘
LmammnfmUeLu@1mmm”lﬂiummwzmzm&maagiummq mﬂwmmwmummmmq

A 4 Y 1A 3’ ] a 4 9
quﬁu Glumngﬁmﬂuayﬁﬂizmsflummwzmagiaumaumﬂmmma@&mmmammmﬂ
o Y a A a 3’ ~A (a =
(blackley, 1997) %ﬂwﬂammmmﬁuwmzmwumeummgmﬂmmazmmmﬂimma@mm
=\ o Y 2K A gl = A d? 1 Y 2K Aa 3’ =) A 4%’
llWﬁ‘]/lﬂ‘ﬂﬂ?ﬂ’ﬂil@]\'iN’JGUENHWEJNN?HLWEJGU‘L! ﬁﬂWﬁi‘ViﬂWﬂ’NNﬂ\iW’JSU’ENHWEJNNﬂMWNSUHGHN

a ~ J A A d? Y [ A
ﬂ5lﬂﬂ!GU@QLLﬂﬁL%ﬂNﬂTiU@LuWWlWNTU@’JEJ ﬂ\??jﬂ(ﬂ 5
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422 autivenhnenaRlamsiinnnumiia
hosturiiaueyTulodualsUSunamwesmsiuanuniia (CMC) Taoldain
sratusiiauonTuiod167 n31 TR 2%, 3%, 5% 1A 7% CMC YSinaanae aalal (50,
100, 150, 200 tiag 250 ASW) mulfieauas cMC ihiu udah i Samanuniia dauwe
vosasiuAuwiia (CMC) lu 60% st iauon Tudied 167 N3y (100 phr) ALLEAY

Tum5199 4 ez wavesnnuniad laaaaalugli 6-7

v ' Y
M3199 4 UTuaazanuTuIuaIee vesmsuaNNTia (CMC) 11 60%31ienadu

2% CMC 3% CMC 5% CMC 7% CMC
N3 phr n3u phr n3u phr N3 phr
0 0 0 0
50 1 50 1.5 50 2.5 50 3.5
100 2 100 3 100 5 100 7
150 3 150 4.5 150 7.5 150 10.5
200 4 200 6 200 10 200 14
250 5 250 7.5 250 12.5 250 17.5
120000
100000
——29% CMC
. 80000
@ —8— 3% CMC
)
2 60000 —4— 5% CMC
Q
[&]
= “X 7% CMC
40000
20000
0 \
0 50 100 150 200 250 300

CMC (9)

v 9
30 6 mavolSina CMC ApmANUNiA (viscosity) ¥B9111819
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120000 -

X
90000 - X
[72]
3 ® 2% CMC
9; X
= 60000 -+ —l— 5% CMC
S X
-‘>£ —X— 7% CMC
30000 A
X o m 0 —A— 3% CMC
m = A
0 X o0 & ol A ‘ ‘ ‘
0 5 10 15 20
CMC (phr)

v Y
31U 7 waveslSina CMC damaNuHila (viscosity) Y091i1819

~ ~ A A A A P 4
NNITNN 4 wazgn 6-7 naadliimiui mswiuanurta (CMC) Nnlosigua
Y 9 1 [ =1 o 9)3’ a1 A 1 ] gl 9 A o A I
ANUEANTUANNY  Uratm lmiheeliaanuriauanaany  Tagriensvuney Tudisdnla
~ o q ¥ A H A 2 Y v A P,
2-3% CMC Tnam 1HaNunHave i1 anuINAs UYL 1HDI9INANNTNTIUVDI CMC
=& A A A (A 9 = :I | 1 ] 1
Futlumsiuanuriailsnades tagiiniludiunaueduinni 5% uaz 7% CMC
o W 1 A A d‘d 9 9 =~ 9):’ = A ds"
MUEIAY M3 TaaSIRUANUUTANLANVVLTIUGY 7%CMC U111 alnNuMiagUy
J 9 o Y = J 9 Y] :JI = =1 4
AUV M 1HNTLUIUMTANDIIADUVIEIN AIHUNTANHINAVDAULAALFINAITUDLIUA
1 ° z A &2 A 9 g A A ' kS a
g INnINeIie19555uHA Juaenly 5% CMC Wuasmuanuria laluiienalsua

Y
7199 LarAnEaNTAvesenaleatin

423 autimveninganulsSinamsmiuanuvidataziinlSinaunada
Jd
M5UDIUA
) g’ 9 a = (; [} = Y Y [ 1
Unhesvustatey TuHed1u 167 N5y (NeuNUe19Lre 100 n5y) lalu
o Aa Aaa a =1 4
TnNeTYUIA 600 Naaans NLAALFINAISUBIUA (30, 60, 90, 120, 150 LA 200 phr) LA
1 v Y
5% CMC 91 0.25, 0.5, 0.75, 1, 1.25 tag 1.5 phr saaunanluasedn s Tasniuliiens
9 o Y o [ 1< 1 A =< A Y]
5%CMC uaz CaCo, 111 uanh lfamanuiunsa-ang anunila wazanuasin ldwa

aqaaalugii s-10
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$ [ 091 4 1 J Q' a 1
M3 5 aunauveitesn launafeumsusiiatar sy NHHalTan1eY

. 11M1n (phr)
GRETGET
1 2 3 4 5 6
60% LA-Latex 100 100 100 100 100 100
72.6%CaCO, Slurry | 30% 60* 90* 120% | 150% | 200*
5% CMC ulssumanes

«1d 5% CMC YTnaa1ae Av 0.25, 0.5, 0.75, 1.0, 1.25 tag 1.5 phr

—= CMC 0.25 phr
10.8

= CMC 0.5 phr

106 9 —— CMC 0.75 phr

pH

10.4 < CMC 1 phr

> CMC 1.25 phr
10.2

—*~ CMC 1.5 phr

0 30 60 90 120 150 180 210

CaCO3 (phr)

1 8 a1 pH venheniulsUTinanaFeuaiueiuna (30, 60, 90, 120, 150
1182 200 phr) 1Azl 5% CMC Usuasnee

=1 Y I 1 3‘ A a = J
719 8 waaalvimiu thesnulsisunauaamennsusiua (30, 60, 90, 120, 150
1 1 1 oy 1 3 [ { (a
118 200 phr) A1 pH ABEY anad LAzl pH veuiezanasaeud iy ldvanydsua
4 4 o U Y c; 1 :j
LARLTINAT UBIUA 90-150 phr 111099 1INUAALTENATS UBIUATIAT pH 1110 9.04 A1nI111181
& oA o Qﬂjl 1 = 4 09} a ] v &R o Y
Fala1 pH  10.89 aariumslaunadounsvouaasldluwihensdsua luunmindeild
3 ' ' < { o a
anmanuiuanes anad HazIzanadedNsIAGINIEAUVIgAaNYa HINTua
=~ J A d? = ' 1 A o o [ 1
uAEeNATS oA NIUDN A1 pH ¢ lilAsuudasnmin dmsumsldars cMc asly
J = o Y o A A v o A A
Tuthens Trashldian pH aad1ag 199910 CMC 3iA1 pH 1111 6.74 ety CMC a4 111y

g/ = 1 Y
YN i]\‘]’ﬁ'\iWﬁ‘lViﬂ1 pH aaa3
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2000

1500

Viscosity (cps)

500

1000

30

60

90 120

CaCO3 (phr)

150

180

—+= CMC 0.25 phr
= CMC 0.5 phr
= CMC 0.75 phr
= CMC 1 phr
— CMC 1.25 phr

= CMC 1.5 phr

210

ﬂﬁ 9 ﬂ'lﬂ?'l‘JJ‘Hl!ﬂ (viscosity) ‘lJ’E’N“LHEJN“VILL‘]Ji‘]JﬁNWﬂ!LLﬂaL“B‘(’JMﬂ"ﬁ‘U@mﬂ

(30, 60, 90, 120, 150 LA 200 phr) LAzl 5% CMC Ysnane

55
e
23
3 50
>
=8
& 45
z
2
(0]
£ 40
=
[95]

35

90 120
CaCO, (phr)

150

180

210

~—@— CMC 0.25 phr
—®— CMC 0. 5 phr
—4A— CMC 0.75 phr
—%— CMC 1 phr

— % CMC 1.25 phr

®— CMC 1.5 phr

Tjﬁ 10 ﬂ"lﬂ’ﬂil@NN’J (surface tension) 51]’f]\1Ll181\‘1‘1/]LL‘IJiﬂﬁﬂmuﬂm“ﬁﬂmﬂﬁﬂﬂmﬁ

, 60, 90, 120, uay phr) 1azdl 5% FUIUAE
(30, 60, 90, 120, 150 200 phr) 5% CMC 1/
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= d' A a =1 o 1
71N 9 wariulsuave waalBeNMITUBIUA (30, 60, 90, 120, 150 1A% 200 phr) A1
A oy 1 A d? A =1 4 I v A A 1
ANUNTlaveuie9zADes MUY e nuaadenns uouailuasdnan eldaql
J o 9 Y (& < H a 2 A H = A 2
TuheeziInlsmnavewialnhensdinniu anuniareniheaunNgaIy tazanw
A g’ S Q‘ dy a a d' Q‘ dy
WHAU01118199 UAUNLUYUMNUT VY CMC YTy (0.25, 0.5, 0.75, 1, 1.25
Y [ Q' dgl A a =1 4
1ag 1.5 phr) A28 1AgdAsINSINNINVBIn NN HaveLlsa S naveunaBeunIs UaLUa
~ [ oy v A A 1 [ 1 9 A A
waz cMc  nlalwihens  aenuviesznlasuulassnaenuas T auInNlsuave
J 4 v Aa { 1 3’ :l o
uAaFeNAIS UBILA 120-150 phr tenneymamsauaui laluhenawnsogaii g

v Jya o A 4 ' Y1 A A 2
@H.ﬂ’]ﬂfJ']\u"’U’liJ’lglﬂaG]fﬂﬂuiJ’lﬂﬂ\ieuu ﬁﬂwael,wmﬂ’JHJWumWiJQ‘Qﬁllu

~ Y3 =2 a 2 A A 2 a ~
70 10 saadldiwiun arwAsivenihendauiugduawlinavewnadon
¢ A . - s J ¢ a s
A1TVUBDIURN lu@\i%'lﬂﬂ’liclﬁﬁ'li!lﬂalcﬁﬂuﬂ'ﬁﬂ’ﬂ!uﬁ a\iulﬂcluu']ﬂ']\i AMIUBIUNDDOU  (free Ca )
£~ ~ J v @ 1 o 9 = =R a A 1
G])’\‘HJ’IJigﬂﬂﬁﬂiullﬂalcﬁﬂuﬂﬁumlm i]$i’nJG]’Jﬂ°]Jﬁ°]J“ Wiiﬁﬁyfmmuﬁﬁaﬂﬂ’NN@QWJ Lﬂllag

Y
Thenaga@sann inamsanaznou AIaus

Ca’ + 2RCOO » (RCOO), Ca |,

' < @ ~ J gl <3| J a =
E)EJNhlﬁﬂ@]13JﬂﬁLmﬂG]’Jﬂlﬂ\il!ﬂm“ﬁﬂilﬂﬁﬂﬂluﬁiuuWEJNL“]JUﬂWiU’E)Luﬁ@’E)@uiJ
a 9 -5 1A =R A = 1 d’ =R A g’
ﬂimmuaaum (5.29x10 Tllﬁ@]@ﬁ@i) i]\‘Iﬂfi)’JnJNaG]’E)ﬂWSL‘]JﬁEJULL‘]Jﬁ\‘iﬂ’JHJGNW’JGUE’N‘LHEJN

9 = ' = A ' A a k4
HUHDYUIN HINIINU ﬁyjﬁﬂuﬁu&%&ﬂa@ufmm‘giﬂuc]’e)“lgﬂ1ﬂﬂl@ﬂﬁﬁ1ﬂmmaﬂﬂ1uu1m\1

v Y '
(Blackley, 1997) fhldoymadisii@uansonszaeaiodluniensla dunaldaynegusnm

U

A

a 2’ A A 9 9 2R A KR A A d? [} =) [ =
mmaﬁmgmﬂmmazmmmﬂimmuaﬂmmﬂ ANTUAINIWWUAUNNUU LFUIRSINULUDUNIT

1 2’ [ =K A 2’ A0 A dgl vy
1ﬁ CMC m"lﬂiuuww AN IUAINIVDIUIITNISUAUNNVUAN Y
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= d U A ‘é’
4.2.4 wavaanasaumsuatuatazasilszneurleanneaniinveariens

3’ Y a PR a = J A 1
HTEJNEUUGHHQLL@NIIILHEJ@"I wilsiSunaunasgeunsvoiue ﬂimmmm aq”hJ

| 30, 60, 90, 120, 150 uag 200 phr taz laarsUseneureaaludsuna 0.5, 1.0, 1.5, 2.0%

a ~ 4 1 3} AAQ Yo A
ﬂlﬂﬂﬂih'lmllﬂm“]fﬂllﬂ'li‘ﬂﬂlﬂ@l ﬁ’J‘L!Nﬁuﬂlﬂﬂuﬁl'l\?uﬁgﬁTiLﬂMﬂi‘]ﬂﬂQLLﬁﬂ\‘]iu@ﬁNﬂ 6 (N-3)

Y

Y

wa | J o a o a a
’ﬁiJ'IJG]ﬂ’J'IlIL‘lJuﬂiﬂ-ﬂN mmwﬁmmmmmaz ﬂ’)'liJﬁ\iW'JGUENL!'IEJN wamawummzﬂimm

Y Y ]
vosaslseneveala (TSPP waz SHMP) seniswseusueaitnulssuaunadey

J @ A
Mivoua aaaadlugili 11-12

d' 1 g’ A ! = 4
M3197 6 (n) AIuNaNvoieenlauaadeunisveuanazaislsenounoama (0.5% vea

CaCO,) Usumane

v

qasi 1M (phr)
GRFIGHY 1 2 3 4 5 6 7 8 9 10 11 12
60%LA- 100 | 100 | 100 100 100 | 100 100 100 100 100 | 100 | 100
Latex
72.6%CaCO, | 30 60 90 120 150 | 200 30 60 90 120 | 150 | 200
slurry
10%TSPP 0.15 | 03 | 045 0.6 0.75 1.0 - - - - - -
10%SHMP - - - - - - 0.15 0.3 0.45 0.6 | 0.75 1.0
%TSC 62.03| 63.45| 64.46 | 65.21 65.79| 66.52| 62.03 63.45 64.46 | 65.21| 65.79| 66.52

d' 1 :I A 1 = o
195190 6 (V) drunguvesihenldunadeumsvoatazaslsenouoama (1% v®3

CaCOUTIa 999)

9

qasfi Wmin (phr)
RFIEY 13 14 15 16 17 18 19 20 21 22 23 24
60%LA- 100 100 100 100 100 | 100 | 100 100 100 100 | 100 | 100
Latex
72.6%CaCO, 30 60 90 120 150 | 200 30 60 90 120 | 150 | 200
slurry
10%TSPP 0.3 0.6 0.9 1.2 1.5 2.0 - - - - - -
10%SHMP - - - - - - 0.3 0.6 0.9 1.2 1.5 2.0
%TSC 61.66 | 62.82| 63.64 | 6425 | 64.72| 6530| 61.66| 62.82 | 63.64 | 64.25| 64.72(65.30
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d' 1 g/ A ! = 4
M3197 6 (A) drunauvesieenlduraeumsusiuavazaislsenevloama (1.5%

Y84 CaCO,) YT aueee

v

qm‘ﬁ 1M (phr)

GRFIEY 25 26 | 27 28 | 29 30 31 | 32 | 33 34 35 36
60%LA- 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Latex

72.6%CaCO,| 30 60 90 120 150 200 30 60 90 120 150 200

slurry
10%TSPP 0.45 09 | 135 1.8 2.25 3 - - - - - -
10%SHMP - - - - - - 0451 09 | 1.35 1.8 2.25 3
%TSC 61.30 | 62.21| 62.85 63.32 | 63.68 64.13 | 61.30| 62.21| 62.85 63.32 | 63.68 64.13

d' ' 3} A v I 4
M319N 6 (3) duranvesienlauaaieunsveuatazaislsenoueama (2% Vo3

CaCO,131M199
qm‘ﬁ fimiin (phr)
GREIGHY 37 38 | 39| 40 | 41| 42 | 43| 44| 45| 46 | 47| 48
60%LA- 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 | 100| 100 | 100 | 100
Latex

72.6%CaCO,| 30 60 90 120 150 200 30 60 90 120 150 200

slurry
10%TSPP 0.6 1.2 1.8 24 3 4 - - - - - -
10%SHMP - - - - - - 0.6 1.2 1.8 2.4 3 4
%TSC 60.94 61.61| 62.08 6242 | 62.68| 63.01 60.94| 61.61| 62.08 6242 | 62.68| 63.01
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114 —— TSPP=0%
1.2 4 —®— TSPP=0.5%
11 —&— TSPP=1%
10.8 4 —%— TSPP=1.5%
L 106 —¥— TSPP=2%
= 104 —®— SHMP=5%
10.2 4 —+— SHMP=1%
10 1 —=— SHMP=1.5%
9.8 1 SHMP=2%
9.6 ‘ ‘ ‘ ‘ ‘ ‘ :

0 30 60 90 120 150 180 210
CaCO3 (phr)

d' ' 3} A 1 ~ 4 1 @ a 1
sUn 11 a1 pH veurhennldunaseumisvaras :wnuasseneurommalsunmaieg

(0%, 0.5%, 1%, 1.5%, 2% VDLAATIUAITUDIUN)

Ui 11 naealfifiudt ensilszneuleanlawiia  TSPP (Tetrasodium
pyrophosphates) lidesiinase pPH udaisszney SHMP  (Sodium
Y v Y H
hexametaphosphates) dinainlidn pH veuihoaadias thewildunadon
J (=} 1 1 1 3, 1
asvowalagluimsldasidszneureanla w1 a1 pH - veuhievzaosy anasay
a =~ J A A d? A = J a A 13 A
YTV WAATENAIT UBIUATINUYY 1HIBIALUAAITENAIT UBIUADBR UNB I DA TS
E4 9
(Ca”) TlSmnanndu shldanuduuaveniienesy anas msldasisznoy TSPP as
s oo < 4 E a v a9 da
T ushena wude pH veuihwiuldsudosuin iieann TSPP inamisuanda Iiasiil
Uszgau Feagsawdanu ca’ ldinanmsanaznou aeauns
Na, P,0, (aq) > 4Na (aq) + P2074 (aq)
2Ca" (aq) + P2074 (aq) > (Ca,P,0,(s) !

[ qgj oy ] A @ 1 < 1 ' < Y a
aatiu pH-ve1he19 lun)asunilaain edrelsiawe pH vzaosq anaudniosauiliua

= ¢ 444 A Y v ' Y J =
YDIUAAIFINATUDIUATINNIY MINUANNAINTUUDI TSPP 9z aawalHin1 pH Up91i18190

1 = 4 A d? a A 9 A [ =\ 1 v :j
TdunaFenms voruamuiululsuuidoeun (<0.5) nie linvslinanon pH vea1ieng
! J a o Y J ' < Yo A

mMsld SHMP  Tuihwens wahld pH  venihwsanasedrauniu ldda 1iioanin

SHMP fianmmaouthaiunsa (PH 6.5) aunsaldszquin Fezhliszqanii

1 3’ S 9 1 Y 3’ a0 c; d' Q' a
pgluiwslinaadosas  dwwalidean PH  awsuihendisasdias  vazidomuliu

4 Y H
unaFoumiveuaindu (> 150 phr) a1 pH veuihewaeudiani naasinlszy
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] v 9
vanidegluas SHMP wadjnseauyanuiszgauitiegluiies dawalda pH vos

14 v
o IS)

' Y =
u181q"luaﬂaquazuuuaiuuﬂﬂ‘ﬂ
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500 - —— TSPP=0%
—8— TSPP=0.5%
400 -
—A— TSPP=1%
g —X%— TSPP=1.5%
< 300 -
2 —¥— TSPP=2%
3
S 200 —— SHMP=.5%
>
—+— SHMP=1%
100 o
—=— SHMP=1.5%
0 | | | | | | | = sHMP=2%
0 30 60 90 120 150 180 210

CaCO3 (phr)

d' A . . oy A 1 = J 1 %
31]7] 12 ANUNUA (viscosity) wohen lduaaseumsivemasunuaslszneunoaia

YT (0%, 0.5%, 1%, 1.5%, 2% YDIUAALTENAIT UDILA)

A Y 3 1 g‘ ~ 1 = 4 ] 1
11n3U7 12 aaeldviudn shendldaunadeumsvewa Taelildarsilsznou
A oy A d? 1 <
Woana ANUHTAYDITNIILINNUUDE1TIAS )
k4 iq 1 P ' o o
189N AT eNAITUDIUAT INNUES TSPP 0.5% UduAdiFena1s Usile A1
A = Q' d? ] tﬂ' = Q' a = o A oy
ez sminau lurasn vazelmsmuilsuaunaieuasueiua ANNHHAY091IN
= 9 1 =) v o 09} ~ 9 [ A 3’ a1 1
g9aziiuun Tianas ru@enuiiesnldans TSPP manuviaveaite1adiai hi
HANANAUNINTD
g} { 1 4 1] % [ 1 H 1 (%] [
1henan laupaseun s uoIuas IWNUE5 SHMP 1199518 UNUANA1NAY A1

A 3/ s Q‘ d? l 9 d' d‘ a = o Q' zg
NUAVDINNAUNIUY ADUU AN W LTunaunaFauns ot uay

24



—— TSPP=0%
—®— TSPP=0.5%
—— TSPP=1%
X TSPP=1.5%
—*— TSPP=2%

—®— SHMP=.5%

Surface tension (N/mm)

—+— SHMP=1%

—=— SHMP=1.5%

= SHMP=2%

30 T T T T T T 1
0 30 60 90 120 150 180 210

CaCOs3 (phr)

a 3’ 4 ] 4 1 Y
ANUAIAT (surface tension) Y8190 laupaFaNAs UBIUATINAVATUTENDL
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4.4.2.2 INTNAVBIANFAIUMIIVA (Diphenyl Guanidine)
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ﬁ'ﬁJTii‘l@l“V‘l@\‘iﬁJNGlﬁl"lﬂﬂ‘ULLﬂﬁLG]fEJZJﬂﬁ‘]JfJLuG]hlﬂﬂuﬂ wmmmﬂmmaiunmaummm Lag
a 1 1 :I Yy 9 Qy g’ @ @ I v = 1o a ~
@eanomsanaumeaiuyun %uﬂmummmmaﬂﬂuwaﬂymxﬂ UADNHUSHIISU
< o =] = s ] 2q Y Y o
ANMULUILASHYIY mmmmmﬂmummaumm%umiumuw'lummmwimmnuﬂm

Vi S Ay ya o
#19'1dd1e Wearhn latanuuuaun
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; '
4.5.2 maveslSinamnasaumsveun !lﬁ$ﬁ1§!ﬁuﬂ')1u‘l’iﬁﬂ

Y v
18190 (1110 2.3.2) NaIURauYIETATaIua13 19N 12 TasmsldunaFew
4 a [
mMsvemalsuaaiag asldfe 30, 60, 90, 120, 150 uag 200 phr uag 5% CMC 0.25, 0.5
) = w an v 9 d'
0751, 125 uaz 1.5 phr Hunaveslasnszuiumsuuvauaodaudsluiven 3.1
a 4 1 A [ [
AIWAOUNAVOY CMC  tazlTunaunaseumvoua aoauia NMsgual-Maal A

] < Qy oy @ @ J N Y [ A
UUUUU Llﬁgﬂ'rlllLLGUQGU'E]QGD'UV\I@QU']WﬁQﬂ’lﬁjaﬂ']uluclf "lﬂwamgﬂﬂ 21-24

H [l g’ { 1 =1 4 a 1
msnﬁ 12 dyuranveseeuihmlduaadaunsvea tag 5% CMC ﬂimmmm

WM (phr)

GAEIGHY 1 2 3 4 5 6
'Ij’WEJNUIll (ﬁ’)%ﬂ‘ﬁ 2.3.2) 106.5 106.5 106.5 106.5 106.5 106.5
20% K-Oleate 2 2 2 2 2 2
10% DPG 1 1 1 1 1 1
50% ZnO 5 5 5 5 5 5
20% SSF 2 2 2 2 2 2
72.6% CaCO, slurry 30%* 60* 90* 120* 150%* 200%*
5% CMC w3

* 1 5% CMC YTnaa1ee Aiw 0.25, 0.5, 0.75, 1.0, 1.25 tag 1.5 phr
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4.5.2.1 MIYUMUAZHAMN

— 94— OMC0.25phr
57 —&— CMC 0.5 phr
307 —&— CMC0.75 phr
< %7 —%— CMC 1 phr
g 20 —¥— CMC 1.25 phr
g
g 15 —4#— CMC 1.5phr
10 -
5
0
0 30 0 %0 120 150 180 210

CaCO3 (phr)

H a 4 1 @ g‘
gl]ﬁ 21 waveslSuaunaFeunIs UoluaLaL 5%CMC aronsgua (collapse) oo

= CMC 0.25 phr
10
—* CMC 0.5 phr
87 -~ CMC 0.75 phr
S 6 - < CMC 1 phr
%
< = CMC 1.25 phr
£ 4-
“n - CMC 1.5 phr
2 —
0

0 30 60 90 120 150 180 210

CaCO3 (phr)

H a 4 1 @ g‘
gl]ﬁ 22 waveslSuaunaFeunIs voluaLaL 5% CMC 19N151AN (shrinkage) oo
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4.5.2.2 ANUHHMUUUAZANUUTS

12 - —= CMC 0.25 phr
1 - = CMC 0.5 phr
'ﬂg 08 - —= CMC 0.75 phr
E/E 0.6 - > CMC 1 phr
E) 0.4 — = CMC 1.25 phr
0.2 - —~ CMC 1.5 phr
0

0 30 60 90 120 150 180 210
CaCO3 (phr)

31N 23 HavedSIaumaFeums UBALaL CMC ADANNHUIMUY (density) maqwgqm

2000 ~= CMC 0.25 phr
— CMC 0.5 phr
1500 —
£ ~= CMC 0.75 phr
£ 1000 - = CMC 1 phr
—
<
= e
500 4 CMC 1.25 phr
-~ CMC 1.5 phr
0

0 30 60 90 120 150 180 210
CaCO3 (phr)

‘IJ‘?I 24 mwaq1Jimmgmawaumiumumay CMC ﬁ@ﬂ’J”IZLILL‘]N (hardness) ﬂlﬂﬂwi’)\ﬁﬂ
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oy ~ ] = 4 = 1 = a A d? =

Wonihnlduaadeunsvemaiesosnuderludsariuau Taeshideas cMc

v Y 3’ Ao 4 =\ A o v A1 9 ad
(e 4.5.1) eravloninianm lug szliauiamsguataznaditisAeud g (1a1iid uaz
[ 1 3’ d' Y = o Y v A
Az, 2547) M3laas cMC Tudrumauveaienlsanessnalinarilinsguias iaaail
1 ° ~ Y 1 a ~ 4 1
Manadias 903N 21-22 waadliiiiud waveslSnauaaFeumsveaay CMC do
vAa @ (% 31 d'q.z o a = o =
auamsguaazradrveserseaidan lug TasmsulslSunaunadoumsvoaio
30, 60, 90, 120, 150 1@z 200 phr INAUMIIF 5% CMC (0.25, 0.5, 0.75, 1, 1.25 uag 1.5 phr)
[ PN 3’ d’ [} 1 a' a ~ 4 1 ;” d'
waz ldiuielsy TSC Wy mamndsunaaadeuasuena ludiumauealeaiim
] a d' =\ o Y o g} =l 2’
ldens cMcC dsuanen Twailvinmsguiazvadlvessaeaitiaianas Tasearosti
A v s 9 = V2 @ a = 4 [ L=
niam lugudn TautdanmsguianasnulSinuvownadoumivema tazeraian ludsd
AMMIYUANNNNNMTHAAD S TUMINNTIVeIas 5%CMC (0.25, 0.5, 0.75, 1, 1.25

1 1 3} ~ Y A 2’ =& 1 = o a
waz 1.5 phr) laludiupanveaiiiensnlaesoesoai deldunadeumsvomadsum

d' =\ o Y :’ Ao J Y A vAa o ] = Y d'
A TwahInersdenindanm lududimniamsguuaznadianas wu@eany  1Heean
] Q' A Y v g’ 1 Y J =\ = Q' d?
cMC oz llemuanunialidnoiens dawaldWesernoumswalinnunilamugeiu
@ Y Y] :’ [ s 9 o

WosenamnsnsnegUnidlaa  wawmnenveniriamlududs  msguuaznadiveses

g) 2K A 1 g) :; 1 =S 4 1 [ 1 a
Wowuihvelimanas vznuneeeninldunadeumsvoua saunumMs laa1s CMC USuu

S 4 o Y Y 9
WUV ﬂgﬁWN']ﬁﬂﬁﬂH']?jﬂﬂﬁqulﬂﬂ UNsgULasianlIanlogal

Y [ v
ANurH U Hvessaroni NS INseaFeuas U (30, 60, 90 120,
150 1@z 200 phr) 3AUMT MY 5% CMC (0.25, 0.5, 0.75, 1, 1.25 uag 1.5 phr) Tag'lailims@aw
g} A [ [ ~ 1 ] 3’ s A 492’ Aa =
Wune1lsy TSC A9zl 23 W aAnuruuiuvetselenihiauinvuanulsnaunaiey
o d' A dy 1 v A =~ 4 a d' Y l
MIvBIUALEY CMC MNNgIIY M3 ldasduauuaaseunsvaia lulsmanmny

A 1 1

Y 1 1
ANnuviuveseenihmlaas cMc TuilSnangs aglisnnnanuruniues

Y H
o ~

3’ ~ 1 A A o [ < Y A 1 1 A A
galoaiinla cmc TuilSuaidniuisaaniios 1iosantienanla CMC luarupauini
= o a ~ = J 9 o Y A a d? =
uaaFeumsuaualulSnangs  msdrossedeouden  ilnwesssiimayunnmsa
= :l ] 1 [ Y] [ Y ] 3}
Woslunszurumawssunearirluuanaaduinmin dewalimanumuiiuvessssleariy
=0 dgl =1 < 9 o [ [] a d‘ d' 9 1 v Aa =
umgvuwsuaniey  dmsumslaas cMc Tulsunanagn uarldamsanauunasen
4 a d' A d? 1 [ [ oy =0 A dgl 1 [~
M3 vatua TulFuaiiuunuy. WuNMANINRUILBYeIeIBRNNA NN NIV Lo eI Y
Y o A :I ~ 1 =~ o a ~ ds" a A < g’ A
1a%a Mg ldunaieunsvaa lulsnangaau Bsmavewaslwihenany

d? A A :} A d? 1 Y a 2} o Y d?
ARVU LASHNINNUWUAUDIUIYTUNNNINUU mwaiwmsmwﬂmmmuwwm"lmnﬂﬁuu

Y A A <3 gl A J Y oy
ANULAUN 25% memmummm&wﬂmuWmmnmmmuﬁmmﬂﬂ“lmxlmm

o J S o { < ' 1 a
gua 25% uaasnlugilvesnnuuvsaaaaluglin 24 azmudn msldms cMc sunam
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~ A a = 4 1 oy A Y o g; 1 (v 1
ﬂ\‘l‘ﬂLm%!WﬂJﬂﬁiﬂﬂ!LLﬂﬁL“]S‘c’JiJﬂﬁ‘UE]Lu@ﬂuﬁ’)uwﬁuﬂlﬂﬂuWNVIGI,%VHEJNW’ENMW Iﬂﬂllll‘]_]iﬂﬂ1
1 oy Ao d 9 = < d? a ~ 4 ~
TSC w‘u3WJmmmam"lwmmmummmmmqwummJimmmamﬂm%mmmamw
A d? A 1 ~ 4 A A d? = J =
INHFIVY LUBIN ﬂ"li1ﬁlmﬁL%EJ?JﬂTi‘U’E)LNGWILW?JQQ‘]Ju aummmzmm%umsmmm"lm
A ' v 1 ' o q ¥ J a < A 4
ANVIANYU ITUNTNAIVYISHITNOUNIAVDIYN ‘VlﬂﬂEJNWE’NI!"I?Jﬂ’J"I?JLHNLW?JGUH
o =S Y 1 v A =~ o a A a
NMUBIUNYINU mi"lﬁmm’Jmmmm%ummamm‘luﬂsmmm‘n wazulsisuavesas
Y A tg = o Y [ 09} A
CMC 1WL‘W3JE;N5U°L! (0.25, 0.5, 0.75, 1, 1.25 wag 1.5 phr) MNﬁ‘VIﬂ‘Vf R FIRTAE TN NE G R
4 £ a A < 4 A g o q ¥
LWSJQ(\‘I"UHGHMII)'SJTEWU@\‘IETW CMC 1199910 CMC Lﬂumimummwummmmq “I/I'lcl“riﬂ’ﬂll
A e A £ . ¥ A oy & '
W“L!WU?NHRJ'NLW?JQQGUH mwa“lwmimdmmwn”l%mw mmwmuuummﬂawwqa
v
v oA 4 Y 1 o o
mgmﬂeummwammmaﬁfﬂmﬁumu@ﬂizma@’mgcl,uman”lé{ﬁ Lm%‘V\lﬁlﬁﬁlNﬁﬁJﬁﬂiﬂHW
Yo o J a o ¢ v < d 4 a ~
g‘]J“V]i\‘]hlﬂﬂ WENiﬂﬂfJNV\If]\il!'l!ﬂﬂﬂﬁilaﬂfluclﬂ,l,a% ﬂ’NiJLLGU\‘]ﬂIENEJNWENHW]LG]?JLL?]EH%EJSJ

4 ' v =K A d? a A A d?
A1TUDIUATIUNY CMC %QNﬂWQQﬂJMﬂWNﬂﬁMWﬂ!ﬂJfJQE‘Tﬁ CMC NNV

41



4.5.3 waveaSinamnaBaumivena mstunuviia nazansilszne

Woatvln

wIoueareaiiaislniaded 3.1 Tasudsdsuavosunaidon
M3 uBIUA (30, 60, 90, 120, 150 1AL 200 phr) AL 5%CMC UTum 0.25, 0.5, 0.75, 1, 1.25
uag 1.5 phr MdRY $udums 1¥asdsenevleala (TSPP waz SHMP) USunal 1% iaz
2% vewuAaTeuAIsUeLA SadunaNvesansaiiluas e 13 (n-v) nageuaNTAnI
wutinvessuoaih mﬁwﬂﬁmazquﬁwwﬁuwm% aSavesnarloaiinunsana
Tiyguaiag 25% uazmsﬁﬂwsammﬂmﬁywmﬂmﬁﬂgmuﬁ’a%’aﬁ 22.12 1dwaganaaslugll

1 25-29

4' [ :’ d' 1 Q' A U w
M3519N 13 (n) drumanveseesimlaasmuaiuvie saunuaislseneuveaa 1%

1 =)

~ 4 3’ A J a 1
VDILUAALHIUAITUDIURA GL‘L!“L!18']\‘1'Vlel,ﬁllﬂﬁl‘:]58nﬂ'lTlJ’E]Lu@]‘]JiMTm@'NG]

v

gasn hmdn (phr)
OREIGHY 1 2 3 4 5 6 7 8 9 10 1 12

9

RN 106.5 | 106.5 | 106.5 106.5 | 106.5 | 106.5 | 106.5 | 106.5 | 106.5 | 106.5 | 106.5 106.5

(Hdom 2.3.2)

20% K-Oleate | 2 2 2 2 2 2 2 2 2 2 2 2
10% DPG 1 1 1 1 1 1 1 1 1 1 1 1
50% ZnO 5 5 5 5 5 5 5 5 5 5 5 5
20% SSF 2 2 2 2 2 2 2 2 2 2 2 2

72.6% CaCO, | 30 | 60 90 120 | 150 | 200 | 30 | 60 | 90 | 120 | 150 | 200

slurry

5% CMC 0.25 0.5 0.75 1.0 1.25 1.5 0.25 0.5 0.75 1.0 1.25 1.5

10% TSPP 0.3 0.6 0.9 1.2 1.5 2.0 - - - - - -
10% SHMP - - - - - - 0.3 0.6 0.9 1.2 1.5 2.0
%TSC 54.00 | 55.22 | 56.11 56.79 | 57.33 | 58.34 | 54.00 | 55.22 | 56.11 | 56.79 | 57.33 | 58.34
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v Y v v
M50 13 (V) aruRauvessaneuihilassmunnuvia Srmnvasdseneveavla

= o 3} A [ = o a v
2%VDULAALTINATITUDIUA Gluu1fm1/1Glmmamﬂmmimmmﬂsmmmm

A

qaIn
=)
a1y

111N (phr)

13 14 15 16 17 18 19 | 20 | 21 22 23 24
shenai 1065 | 1065 | 1065 | 1065 | 106.5 | 106.5 | 1065 | 106.5 | 106.5 | 106.5 | 106.5 | 106.5
(defi 2.3.2)

20% K-Oleate 2 2 2 2 2 2 2 2 2 2 2 2
10% DPG 1 1 1 1 1 1 1 1 1 1 1 1
50% ZnO 5 5 5 5 5 5 5 5 5 5 5 5
20% SSF 2 2 2 2 2 2 2 2 2 2 2 2

72.6% CaCO, 30 60 90 120 150 | 200 | 30 60 90 120 | 150 | 200

slurry
5% CMC 0.25 0.5 0.75 1.0 125 | 15 [ 025 | 05 | 075 | 10 | 125 | 15
10% TSPP 0.6 1.2 1.8 2.4 30 | 4.0 - - - - - -
10% SHMP - - - - - - 0.6 1.2 1.8 2.4 3.0 4.0
%TSC 53.52 | 5439 | 55.02 | 5550 | 55.87 | 56.64 | 53.52 | 5439 | 55.02 | 5550 | 55.87 | 56.64

v Y [
sawnumsldmsmuanurilaaeauidveseni awaaslugin 25-29

navodUT A aFouAs UBIUA  Fiia
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4.5.3.1 ANUHINUUY

0.6 7 —&— ldCaco3ethafen

—l— 1d1%SHMPIaz5%CMC

3

Density (g/cm )

—— 1a2%SHMPLaL5%CMC

—%— 1d1%TSPPUa5%CMC

—X¥— Ta29%TSPPUAY5%CMC

0 30 60 90 120 150 180 210
CaCO, (phr)

$ - Qy 3’ { 1 1 [
51U 25 arwwuuniu (density) vessuronihildasunadounsvomas wiums

Y

mwanuviianazasdszneueavla (1% uay 2%vewnadonmivon)

st 25 wamdddiiun misldenaiiuanunila 5%

CMC (0.25, 0.5, 0.75, 1, 1.25 uaz 1.5 phr) swdumslfasilsznen

Y v 1

Wwoela (TSPP uaz SHMP) lunaeniriiualsiSuamnadeumsvema wui iije

2

USunamsduduunadeumiveuaminiu (30, 60, 90, 120, 150 uaz 200 phr)
] ' d o o ¢ Y s A £ A g A

manuruivveseesimaimstan lugudaliaunngeu  Taaeldasiuanm

wila  vazansiseneuveamla TSPP uway SHMP i idfuvesanuvuuinli

1 [ v 4‘ 3 a =\ cuad' ] 1 (% A

uanaanuLINn 1lesnnasdszneuvoalany 2 wila Uamauian binanadu Ao

(] o A Y o aq Y Y o ydady 1 Yy a o J oyd',‘yd
¥ VAN UA NN UYD mimﬂwmﬂu"lﬂ%wu mwa“lwwammmmw!amm"lﬂu

v
A A

] A 4 a 4 g 7 a 31
ﬂ:mJwumuurw3Jﬁu@1m‘1J511mgmm%umimmmmwuﬁu anvazAvesaaiiinu

v ' 9
azIRIAFN UTUDNINGIUY
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4.5.3.2 MIYUM UazHAf

10
8 —&— (CaCO03 p819AeN
3 —l— SHMP1%1a25%CMC
< 6 —
2 —— SHMP2%!1a25%CMC
<
~~
= —— TSPP1%1a¢ 5%CMC
£ 4
2 —¥— TSPP2%11a25%CMC
2 —
4
0
0 30 60 90 120 150 180 210
CACO; (phr)

H - ] Qy 31 d‘ 1
51U 26 mswnada (Shrinkage) awuuadurguénarsvesurloaitnldans

unaFoumsueuaswiumauanunilatag l¥asisznouromna (1% uay

2% vounaiBouns uoun)

20

—— ldcaco3egufen
15 4 —B— 1¢1%SHMPHAZ5%CMC
—— 1a2%SHMPUAL5%CMC

—%— 1d1%TSPPUaL5%CMC

Collaps (%)
=
|

—*— 1d2%TSPPUaL5%CMC

0 30 60 90 120 150 180 210
CACO, (phr)

v Y Y 1
50 27 msguda (collapse) vesFuenirildmsunaoumsveiuniauiuans

muanuniiauazldasdsznouveaa (1% uaz 2%veunaidon

¢
ﬂﬁﬂﬂmﬁ)
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{ < 1 4 a v A J 2 4
nngin 26-27 waadddimiun Welsnamsdnauunadennis vomminuiy
1 Y @ o :} a d? g' A 1 =
danalinisnadazmsguarvesesiniauniy  TasmwizreuhnlduaaFoy
J ' 1 J a
mfveuaiioseduden  msldunadoumivewaliunanies (30-60 phr) e
s 2 Y o A T X A A A ~ ¢
nlesidudmanadnazgudninugavueduiulada uaziiomnlsunaunadoumsven
v @ A 1 g 1 {1
(90-120 phr) mswadazgudrnznlasumilasaaiosasmainilugieiar pH ves
oy a ° [l < o Y < d? 1 Y @ oy
henlimsaadiasedesiagd mldewsasi¥u dwaldmsgunaziadivesssvoaitan
o ' ' J s J : '
drae uams ldansdszneureaa linhewneuihig a1 PH veuhewldsuniladly
o @ os/' v R I Y A o A J A d? Aa
nntin aaiy msguuazreadvauilu ) unnTdudedy Aedes muduauiliuuves
4 { A 3 [ o v 4 a {
unaFeums ey dmsumsldunadenasvealsuaige  (150-200
o gl A A 42’ A v oA = J
phr) msgunaznadiveserslouihiiaununniuiosnnasdrauuaafounsuoma
a ) 3 ' 09} 3 U stl
USwnaunn sazlinnwwumiu (2.6 g/cm?) qaniniens (0.93 g/cm?) win daiu
Y
o a T 1 a 1
unaFeuas ustuaduRAMsanuenaaegdIua1INTY Hoseanamsuanuaziyualy
' 4
aiaue TmsguuaznadInIy
1 g’ A Y = 2’ A~
ms ldamsdszneurlealaluhenaie Itannsanuguanumilaveaiensi
A 3 1 v A 4 1 a
muunmsldmsdrduuaadonnsvema  uazmslamsuanwnida  (CMC)
Y
Fawdumsdasdsznevdeala  wohmsguuaznadrvesleaiiuul lduanasinms
1 v A 4 ' = d
Tdensduduuaaifoumsveiuaiistodaufer  wesnnmsiszneureaaminsaniugu
A ' 5 A A A J s 9
anuniiauazar PH vanihes maminensmiuanumialnheaentng Twaldmany
A :I A d? 1 = A A dgl [ =S @ 1 9
wilavouheunuiy  Weswnneumsnalimanuniaiudusudedny  dwwaliaise
[ ydd? 9 @ = 1 ' @
Sownginsaladuu Tasuud Tdumsgudiazlinmnnniimsnadd
A a = 4 =\ o Y o 1 3 A (] ~
mamulsnavewnadounsvea Hnah lddadiuanuniunaniediuiany
A ' D} A o ] A a a s A
danguuetsnsaniovas edadiuvessnaatiesaimiolimavewnaFeumsueany
£ o s A A 1y ' v o o A2
Ty elenihislianudanguiesas dawald  msguuaznadvesstsesivanuIy
l <3 1 A
peelsnam msldssmuanunila (0.25, 0.5, 0.75, 1.0, 1.25 uazl.5 phr)
' o v v A 4 v
fawnums lamsdsduuaadoumsveaiiosediauden (30, 60, 90, 120, 150 uay
200 phr) luide 4.5 g 21-22 fwunlduhldnmsguuazvadiaadiosasniy
Aa ~ 4 A A dgl 1 A A A A 09} o Y
USinavowaaBoumsvomaiiuiy - manasmuanuvidanldmuas i lnihesihld
< 1 Y <] a
annsoennaisy  dewalimsguuaznadianasantieenulSuiavewnafouns s

oA AR
INIININUVY
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1 Y v v

Turaznauranyeuienaeulndniuasdsznounoamla 1-2% ALY
Y Y v
mfvewa Mlianuniiavenien waza PH venhenshinfoundasnmin (Wade
v Y

4.2.4 91l 11-12) vealushens

I~ Q' d? 4‘ =1 o ] l
YOWNWLIUNNAY  1Hlee9InoymauaaiFenns uouaaz llunsnegsznineynnuee

a o Y A 1 1 Y 3 A dy
DITUBIN Vlﬂﬁﬂ’J”IiJEJﬂWQWU?NEJNaﬂEN mwaiwmmmqmmu

4.5.3.3 ANNUTI 159 ANMAUN 25%

12

—— aCcaCco308191A87
10 —B— 1&SHMP1%ua25%CMC
g - —2— 1dSHMP2%4a25%CMC

—*— e TSPP1 %182 5%CMC

—¥%— 1aTSPP2%!1as 5%CMC

Hardness (kPa)
o
\

N
|

0 30 60 90 120 150 180 210

CACO;, (phr)

v Y Y v
514 28 anuuds (harness) vesurlouihilamsunadoumsveasuiuaisiiy

Y

anunilanaz 1¥asdsznoueala (1% uay 2%vewnadoumsveiun)

nnglit 28 wemalifiviugy e ldSnamaaFeumivenaituiy
luSinasini 90  phr sefianudasafesnherleniiildunaiFenaivea
Samfumsldansifiuanunia (5% CMC) asdsznouloada  (TSPP ez
SHMP) G]Nmmmmu‘nhﬂﬂiwwwgquﬂwEmmm 25% vesnnugudn DA
gaitumuSinuvewnadoumivena naaih  erlenimianuniduiiniudie e
PSinanadeuaivenamiuiuon 90-200 phr anuuiwesensleaiifinn T
ddududuase el Tweimsiyduvesniunddimmaderiumaleniild
uwnaFeumivemasamivasdsznouomia (TSPP uaz SHMP) wasansifinany
wila (5% CMC) msfinSinavemaaoumivematraimlifamnd uitudy

4 4 1 1 a o
Lﬁi’Nﬁnﬂi’)Hﬂ?ﬂllﬂﬁl"?ﬂﬂﬂﬁ”ﬂ@L‘L!G]i]gnlﬂlmiﬂ@Qi‘é’fl’i’ﬂ\‘IE’)‘LgﬂTﬂsll’fJ\iEJN‘ﬁiﬂJﬂf"lﬁ 1/]1113{?1’3111
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1 1 < A -4 [ oy 4
darguuotenanay  dwalianuudanuiu  msldensdszneudealaluherane1d

g‘ { Q‘ g [] v A 4 [
mmmmmummwﬁmmmanﬁmw’ﬁumﬂmﬂﬁmimmmmaL%umi Hagmslaans

)

A A 7 s A ) A 2 P { '
mnanunialnhenaenna  Inaldmanuniavenihnuiiniy Weswnoumsaall
v Y 9 v
manunilamuiugu@endy deswannsasnginsddaruawisunuves CMC 7
A 4 1 < oy { 1 4 VoA -4
mudy  dawaldanundaesesleninlduaadoumsvoanaz CMC Taunugedu

[ 9 9 9
aywudsildnaliFurenigudias 25% Seiimgeiu

4.5.3.4 MIANKID

15

—4— 1dCaCco308191087
10 4 —— TdSHMP1%uag5%CMC
—— TdSHMP2%11ag 5%CMC

5 —>— 14 TSPP1%!az 5%CMC

Abrasion loss (mg /cycle)

—X¥— 14 TSPP2%!1az 5%CMC

0 »
0 30 60 90 120 150 180 210

CACO; (phr)

51it 29 msdnuse (Abrasion 10ss) vessumesirdildmsunaeumsvea

U

fawdumsmuanuviianay 1dasdseneuoala (1% ez 2%vewunaidon

4
MIUBILA)
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Effect of Calcium Carbonate on Making Natural Rubber Sponge
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Abstract

Calcium carbonate slurry was added into LA-latex compounds as filler for making rubber
sponge with Dunlop © process. It was found that the viscosity of latex compound was dramatically
increased as increasing amount of calcium carbonate (30, 60, 90, 120, 150 and 200 phr) and the
surface tension was gradually increased, while pH of latex compound was slightly decreased. Added
Carboxyl Methyl Cellulose (CMC) into latex compound together with calcium carbonate would also
dramatically increased the viscosity of latex and the surface tension of the latex was gradually
increased. This effect to a difficulty of making rubber sponge. It needed more time during the process

of making rubber sponge. When addition of this amount of Calcium carbonate. Addition of Calcium



carbonate (30, 60, 90, 120, 150 and 200 phr) together which 5%CMC and phosphates compound
TSPP 1% of CaCO, could be made a good rubber sponge, smooth skin surface. The density and
hardness of the sponge were increased while the shrinkage and collapse were increased as increasing

amounts of Calcium carbonate.

Keywords :  Natural rubber latex, Latex viscosity, Sponge, Carboxyl Methyl Cellulose,

Calcium carbonate, Phosphate.
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Abstract : High loading CaCO, in NR latex effected on making foam with Dunlop process and its
properties. More than 100 phr of CaCO, (72.6% Slurry) was added into LA-latex as filler. It was found that
viscosity of latex compound was dramatically increased as increase loading of CaCO,. The surface tension
was gradually increased, while pH of latex compound was slightly decreased. Carboxyl Methyl Cellulose,
CMC, was added into latex compounds to prevent CaCO, precipitate during process of making foam. It was
found that increasing CMC would also dramatically increased the viscosity of latex and the surface tension
of latex was gradually increased. This effect to a difficulty of making rubber foam. It needed more time to
making rubber foam. Tetrasodium Pyrophosphates (TSPP) and Sodium Hexametaphophates (SHMP), added
into latex compounds can against dramatically increase of latex viscosity. Therefore, it could be made a

good rubber foam with smooth skin surface.

Methodogy : CaCO, (72.6% Slurry) produced by polymer innovation Co., Ltd. was used as filler for
making natural rubber foam. A Kithche aid model K5SS made from USA was used to prepare rubber foam
with Dunlop process. Added 72% slurry CaCO, (30, 60, 90, 120 150 and 200 phr) into 60% LA latex and
adjusted TSC to 60% with de-ionize water. The viscosity of latex compound was then measured using

Brookfield viscometer model RVF-100 , surface tension and pH of latex compound were also measured



using Du Nouy Surface Tension Apparatus product of KUSS model K68 and pH meter model HI 8417,
respectively.

Carboxyl Methyl Cellulose, CMC, and phosphate compound of TSPP and SHMP were also added
into latex compounds and measured of its properties. Main foam formulation used was consisted of
maturation latex (60%LA latex 100, 20%K-Oleate 1, 50%Sulphur 2.5, 50%ZDEC+ZMBT 3) and
ingredients added during process of making foam (20% K-Oleate 1, 10% DPG 1, 50% ZnO 5, 20% SSF 2
phr). Latex foam forming was prepared in aluminum moulds with diameter of 14 and 8 cm and height of 6
and 13 cm, respectively. Rubber foam of 8 cm was divided into 4 specimens. Each piece was 2 cm in height
used for measure of density. Foam sample of 8 cm in height, was placed onto machine for testing of foam
hardness by compressing a specimen to 25% and measuring the force. This shearing force was reported as
hardness of rubber foam. Abrasive measurement of foam sample, 1 cm in thickness, was carried out with
ASTM D3389-85a standard using a Taber instrument with a running speed of 200 cycles per min. Abrasion

loss was reported as weight loss per unit cycle and the surface appearance were observed.

Result, Discussion and Conclusion:

The pH of 72.6% slurry CaCO, and 60% LA latex were 9.04 and 10.89, respectively. Added 72%
slurry CaCO, (30, 60, 90, 120 150 and 200 phr) into 60% LA latex and adjusted TSC to 60% with de-ionize
water. It was found that the increase loading of CaCO, only slightly changed in pH of latex and could be
noticed rather clearly at CaCO, loading at 150 phr Fig. 1 (a). While the viscosity of latex compound was
dramatically increased as increase loading of CaCO,, Fig. 1 (b), due to CaCO, could absorb water and the
total solid content also increased. The surface tension of latex compound was gradually increased as shown
in Fig. 1 (c¢). Due to some surfactants in latex were moved to stabilize around CaCO, particles. Surfactant

around latex particle and surface of latex was decreased.
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Figure 1 pH, viscosity and surface tension of latex added CaCO, (30, 60, 90, 120, 150 and 200 phr).

Added different CMC (0.25, 0.5, 0.75, 1, 1.25 and 1.5 phr) in latex compounds contained of CaCO,

(30, 60, 90, 120, 150 and 200 phr), it was found that increasing CMC would also dramatically increased the



viscosity of latex and the surface tension of latex was gradually increased. While pH was a small different as

shown in Fig. 2 (a-c)
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Figure 2 pH, viscosity and surface tension of latex added different amounts of CaCO, and CMC .

Added TSPP in latex compounds of CaCO; (30, 60, 90, 120, 150 and 200 phr) would increase pH of
latex while SHMP would effect pH of latex to be lower as shown in Fig. 3 (a). However, both TSPP and
SHMP added into latex compounds could against dramatically increase in viscosity of latex and surface

tension was only a small changed (Fig 3 (b-c)). This results to make rubber foam more easily.
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Figure 3 pH, viscosity and surface tension of latex added CaCO, with Phosphate compounds.

Latex compounds of high loading CaCO, with 5%CMC and TSPP (1% of CaCO,) could be easily
making foam. Vulcanized foam contented CaCO, (30, 60, 90, 120, 150, 200 phr) with 5%CMC could
prevent CaCO, precipitate to the bottom of foam during process and the density of foam was almost equal in
each level. Foam hardness, measured by compressing a specimen to 25% and measuring the force, was

increased as increase amounts of CaCO,. Surface of rubber foam contented of CaCO, 150 phr could be

rubbed and gave of smooth surface.
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