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ABSTRACT

Natural latex foam, a cellular rubber, is a biodegradable foam material derived
from milky sap blends from the rubber tree. It has many advantages including durable, highly
resilient and recovery, non toxic and environmentally safe. The aims of this work were to prepare
and investigate the effect of foaming agent (potassium oleate), vulcanization process (oven and
steam), filling agent (calcium carbonate), and thickness of specimen on the physical and
mechanical properties of foam. The Dunlop process was employed to prepare foam in various
amounts of potassium oleate and thicknesses. It was found that the properties of latex foam
depended upon the amounts of potassium oleate. As the amount of potassium oleate increased,
the foam density and compression resistance significantly decreased. In addition, as a result of
potassium oleate, foam vulcanized by steam had higher compression resistance, density and
percent shrinkage than foam vulcanized by oven. On the other hand, calcium carbonate had an
effect on increasing the foam density, compression resistance and percent shrinkage. The highest
of percent shrinkage was found at the concentration of 10 phr (part per hundred rubber). The
significantly higher compression resistance was found in ovened foam compared to steamed foam
as a result of calcium carbonate. In addition, it was found than the thicker latex foam the better
compression resistance and shock were obtained. Cushioning characteristics of natural latex
foam were also determined. The best sample prepared from 1.4 phr of potassium oleate, oven
vulcanized and 1.5 inches thick had the lowest G of 42.9 when tested at static stress of 0.04
kg/cm2 and drop height of 18 inches. Although the natural latex foam had a lower shock
absorbing properties compared to PS foam (density of 0.016 g/cm3), the discrepancy tended to
decrease in thicker foam. The natural latex foam showed a better shock absorbing properties
when tested with repeated drops due to a better elastic and recovery. The natural latex foam has

the feasibility in applying as a reusable package cushioning material or repeated drops protection.
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Corrugated fiberboard box Single wall Double wall

Figure 2. Corrugated fiberboard box.
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Research plan of latex foam cushion development

iy

Investigation of processing factors

1. Foaming agent (potassium oleate at 0.75, 1.00 and 1.40 phr.)
2. Filling agent (Calcium carbonate at 0, 10, 20 and 30 phr.)
3. Vulcanization process (oven and steam).

4. Thickness of foam at 0.5, 1.0 and 1.5 inches thick.

1y

Physical properties tests
Effects of processing factors on Latex foam cushion filling agent y prop

1.Foam density

1. Foaming agent (potassium oleate at 0.75, 1.00 and 1.40 phr.)
|::> 2.Compression resistance

2. Vulcanization process (oven and steam).

3.P t shrink
3. Thickness of foam at 0.5, 1.0 and 1.5 inches thick. eroent shrinkage

4.Cushioning characteristics

@ Best treatment is selected from mechanical properties test

Effects of filling agent and thickness on Latex foam cushion Physical properties tests
4 Filling agent (Calcium carbonate at 0, 10, 20 and 30 phr.) |:> 1.Foam density
5.Thickness of foam 1.5 inches thick. 2.Compression resistance

3.Percent shrinkage

Best treatment is selected from mechanical properties test 4.Cushioning characteristics

Comparison of cushioning characteristics between Latex foam and PS foam
1. The best cushioning characteristics latex foams is used in the study
2. Determine the shock absorbing performance of latex foam. This method is basically designed for testing
the foam-in-place cushioning materials.
3. The test method of cushioning characteristics: ASTM D 4168 is applied in order to determine the shock
absorbing performance of latex foam.
4. Compare the efficiency of cushioning characteristics of the Latex foam with the Polystyrene foam

5. Analyze production cost of the Latex foam, and Polystyrene foam.

Figure 9. Flow chart of experimental plan.
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Table 1. The formulation for Dunlop process of Songkhla Rubber Research.

Weight
Materials
Dry (phr) Wet (g)

High ammonia concentrated natural latex 60% DRC 100 167
Potassium-oleate solution 10% 0.75,1.00,1.40 7.5,10.0,14.0
Sulphur dispersion 50% 2.5 5.0
Zinc-N-diethyl dithiocarbamate dispersion 50% 1.0 2.0
Zinc-2-mercaptobenzothiazole dispersion 50% 1.0 2.0
Wing stay L dispersion 50% 1.0 2.0
Zinc Oxide dispersion 50% 5.0 10.0
Diphenyl guanidine dispersion 33% 1.0 3.0
Sodium silicofluoride dispersion 20% 0.45 2.25
Calcium carbonate dispersion 50% 10, 20, 30 20, 40, 60

M : guéidoeraaeua (2546)
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ﬂ Battering for 3 min.
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ﬂ Battering for 2 min.
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Drying at 70°C

Figure 10. Flow chart of latex foam preparation.
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Figure 11. Measuring the shrinkage of latex foam.
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Figure 12. Setup for shock absorbing test; 1. Corrugated box. 2. Ballast weights.

3. Test foam. 4. Accelerometer. 5. Enclosed metal test box. 6. Foam
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Figure 17. Loading machine.

6. 1n309TAuAZIUTINITINTZUNN D Lansmont §U Test Partner TP3-Lite AR IAgUTHN
Lansmont LagHIIAUIINTZUNN (Accelerometer) UL ICP 34 353B18 WA lasuTEm PCB

Piezotronics, Sensitivity @ 100.0 Hz 10.05 mV/g, Filter frequency 50 Hz

Figure 18. Accelerometers.

v

7. 1NTOINATOVUTIANNIZNY W GOTECH U GT-7003 das 1o Taguitn ansns

wod lysued 3109

Figure 19. Drop test machine.



26

=
a1y

Adq Yo A o o J a
ﬁWﬁLﬂNV]i%ﬂTNa@ﬂmmaTﬂV\I@QHWNﬂﬂT\TﬁiiN%”I@

Y

1. ﬁwNﬁsmma%’u%ﬂmmﬂmﬁaqq (High ammonia concentrated natural latex, HA
TZ type) TS naniioonaus (Dry rubber content, DRC) U3zana 60.08% 1uasueanda
Fana (Total solid content, TSC) Turhens 61.77% wazfusnudasiey o 0.79% waalae
V35N naoathenstu $15a

2. Msazany InunaiFenTeqon (Potassium oleate solution) W3gNegIasazaty

[

Y v Ao A a o 4 Ao o ds (& o
UUY 10% (W/v) miazmauaﬂymﬂﬁ UUA OITIUTUIININ UTHN ﬂﬂﬂTV\li 1NA

a J

J . . o I a A 9
3. H3A00n 1%A (Zinc oxide, ZnO) anwmztdumadvniugu l4lugilvesans
= Y 9 o Y A Y aaa o o = o 3

pvavavetianududu 50% fuihniduasnszduilnseimsiantluders msouduso
a v o A J o w
910 V3EN dnn Inls 91Aa

o [ < { [ I ]
4. g (Sulphur, S) Hunsan1¥lugaaivnssuens Tanvazidunsdmaosiu 14

{ o { g @ 4 o Aa o
Tusdvesasuvivasenianuduiy 50% mnnnduasiaalug wisudusaon usen

o dy J o w
ann Ins 9199
A a o . . g . ISPy

5. 5an batendialals oS UNA (Zine-N-diethyl dithiocarbamate, ZDEC) Hanyae
& = ' ] A~ Yy o Y A & o
Wumsdvramyu 1dlugdvesarsuvivassnianudndu 50% Mnihndluaisdis

=l 0o A v o dy J o o
WwTend 159910 USHN ann 15 9109
a d 4 . . A o

6. Faawesual Tawu Ty Ine1Tesa (Zinc-2-mercaptobenzothiazole, ZMBT) Hanyae
< ' ! o { g R
Wunsdmaesju 14 Tuglvesasuvavassninnududu 50% v uasdns mioy
o < Aa v o dy d o w
§1159910 UTHN ann 1935 199

aa 4 o I < ]
7. Tandonaa Invlgon 15@ (Sodium silicofluoride, SSF) anwazifluiiaduriyu 141u
A Yy Y o Y A g ' o = o o Ao
sUvesdIsuvIuassniaNUINIY 20% Mnihindluasnonanan mionduiann usEn
Y

ana s d1ra

~ 4 . =) I =1 = 1 9
8. UAAIKIUAITUDLIUA (Calcium carbonate, CaCO3) Hanwazlunedviasuyy gl

a

a o

A Yy v o Y A J o a = o o

'g:‘lJ“’lJi’J\‘lﬁTiLL‘U’J‘L!ﬂ’OEJ‘V]lIﬂ’JﬁJHJlJ"Uu 50% mwmmﬂumsmmu HTYUFUIIND UTHN an
d o w
195 311a

9. laTlilaf1iAu (Diphenyl guanidine, DPG) Hidnuazidumanorndvigu 19luzl

Db,

9

A Yy 9 o Y A g 1 a = 0o a a o v A
VOIFTHUIUADINUANULUVNUU 33% muinuansnealdsy m3oud 1IN VTHN ann

Tl$ $18a



27

9 9
Y

a o @ J o w 1A o a @
NINBIe - VIEN ann 1WS 3100 A0gN 40/204 9.5 1WA MK (GUINVIA 3) LYNHIKNIN 1WA
V1N AFUNNA 10240

1 [l Y
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Table 2. Chemicals and used in latex foam preparation.

Chemicals Function
Potassium oleate solution Foaming agent
Sulphur dispersion Vulcanizing agent
Zinc-N-diethyl dithiocarbamate dispersion Accelerator
Zinc-2-mercaptobenzothiazole dispersion Accelerator
Wing stay L dispersion Antioxidant
Calcium carbonate dispersion Filling agent

Zinc Oxide dispersion
Diphenyl guanidine dispersion

Sodium silicofluoride dispersion

Activator gelling agent
Secondary gelling agents

Gelling agent

#31 : 9T LKge (2550)
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Table 3. Formulation of latex foam - Dunlop process.

Weight
Materials
Dry (phr) Wet (g)
High ammonia concentrated natural latex 60% DRC 100 167
Potassium-oleate solution 10% 0.75,1.00,1.40 7.5,10.0,14.0
Sulphur dispersion 50% 2.5 5.0
Zinc-N-diethyl dithiocarbamate dispersion 50% 1.0 2.0
Zinc-2-mercaptobenzothiazole dispersion 50% 1.0 2.0
Wing stay L dispersion 50% 1.0 2.0
Zinc Oxide dispersion 50% 5.0 10.0
Diphenyl guanidine dispersion 33% 1.0 3.0
Sodium silicofluoride dispersion 20% 0.45 2.25
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Figure 20. Density of latex foam as a function of potassium oleate.

oy A Aa = = A = ]
g1rae st aay Inunadon Tedaealullsuiagaga (1.40 phr) Ianunuiuiy
c; 3 oy d‘d a = = a o'
f1ga (0.175 g/em’) tazgaseranosihnumsan Inunadon Toaoa lulsuadiga (0.75
=\ 1 3 A (] dy A ~ = I A o
phr) UANUHUWUUGIFA (0.236 g/em') MiTwgutitiaann Inuneaideoy Toaoailuaisnim
9 d‘ Y oy = Y d‘ Y a d? a 1 dg’ = o
i 1Mo iniswesdd we 1% ludsuiaunyu msnavesneyu Ieauin anyay
~ o dg’ ~ = v A ] SR a : 9
Woallanuaduavouindu Inunaien lodteadaliaiurielumsannnuaarivedtine1avy
4 [ qu’ g’ { a c; a
A8 (W55, 2548) aariuenarlossihnd TnunaFeu TodwalulSaddiansamnareald
v Y 1
810 Hsuavesdosuas luaduave duiumsduTnunadeu Tedoaasldlulsuad
Y ' Y
s svesgraeasinmitudsaveaesonaosni denalieranoairiaii
] U [ [ d‘ a = =) =) dg‘ 3’ =
nuwugIn lunandunuwemy Inunadey Toaoa luilsuugevy sravleaiiinnu
] <; d'i a Y dgl o Y 091 S A 1 ] a
nuiud1ad iesnamaresladevu i ldeaevihidsuiavesoimanenielsuing

Y
voeg1avlpaigandN



30

a I~ [ { a A [ [
sy Inunamen ToaeailuiladeNusnina IagasanonMUHUILUUUD 1814
g} :’d'd a = = c; o 9 oa, dal v W [ dgl
Woari Tasgasenanlesrhnilsuna InunasenToaead i lveaneniniiodudauinauy
= g ol tﬂ' ' = a dg' 1 9 Y 1 ol
HazlinInadifi ieanluszrninamsarsunanessrimavruaoudtissuay luminaye
) Y % <3 a a o 9 ®KR A dal 1 1
M ldmTaveseautunuliinanisversdn 1denn 39lidruv0 o s19uINNINAIUVD I
1 d' QI = =S a dgl 1 g} = A 1
Wosormer uaony Tnumason Toawa lulSnauniu wunerswesihinnusanguuin
4 A ~ o 4 v o 24 ~ A d o, 99
Yu Hy nazlinsvadrgaiuaiu lUare fiethiiosniainmsivesormanuiniu ia 14
Wo901M1AlNITUANAILAZ gUAIAIUNEIU FI91NAITBI91NNTIVA IV IN0I819F1T g
] Yy [ d%’ [ 1 3’ = (% dl d%l d‘ = a
dawalnin1sHadInIndIu uazdanudngraeinagimsnaaingavmieulsuiw

1 Y
TnunanFeu Todoanunau

PS 1068 10kY  100um x100
Figure 21. SEM of latex foam density of 0.175 g/cms.
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Figure 22. SEM of latex foam density of 0.236 g/cm3.
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Figure 23. Compression resistance of latex foams vulcanized by steam.
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Figure 24. Compression resistance of latex foams vulcanized by oven.
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Figure 25. Percent compression set as a function of potassium oleate.
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Figure 26. SEM of latex foam vulcanized by oven. A) 0.75 phr of potassium oleate, B) 1.00 phr

of potassium oleate, C) 1.40 phr of potassium oleate.
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Figure 27. SEM of latex foam vulcanized by steam. A) 0.75 phr of potassium oleate,

B) 1.00 phr of potassium oleate, C) 1.40 phr of potassium oleate.
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Figure 28. The shrinkage of latex foam at lateral direction.
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Figure 29. Percent shrinkage of the latex foams vulcanized by steam as a function

of potassium oleate.
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Figure 30. Percent shrinkage of the latex foams vulcanized by oven as a function

of potassium oleate.
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Figure 31. Cushioning characteristics of the latex foam vulcanized by steam.
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Figure 32. Cushioning characteristics of the latex foam vulcanized by oven.
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Table 4. Characteristics of natural latex foam as a function of potassium oleate.

Vulcanization Foaming agent ~ %Compression set %Shrinkage Density (g/cm3) Cushioning characteristic(G) Compression resistant (N)
K-oleate (phr) Edges Center Lateral Thickness (Inch) Thickness (Inch)

0.5 1.0 1.5 0.5 1.0 1.5

Steam 1.40 8.4 10.8 17.1 10.2 0.177 63.31 54.94 4491 27.42 44.17 58.49
1.00 9.9 10.0 15.5 9.7 0.217 61.86 55.59 43.06 66.60 78.93 108.30

0.75 12.7 9.7 11.5 9.6 0.236 62.11 53.99 42.87 82.48 102.37 134.95

Oven 1.40 6.8 10.4 14.8 8.0 0.175 63.62 53.89 42.87 45.45 38.10 54.73

1.00 7.8 9.6 14.7 7.9 0.207 62.51 52.99 42.82 51.90 58.10 70.56

0.75 8.7 7.3 8.4 5.9 0.223 65.06 56.30 43.71 69.35 82.96 112.95
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Figure 33. Density of latex foam as the function of calcium carbonate.
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Figure 34. SEM of latex foam vulcanized by oven
A) 0 phr of calcium carbonate, B) 10.0 phr of calcium carbonate,

C) 20.0 phr of calcium carbonate, D) 30.0 phr of calcium carbonate.
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Figure 35. SEM of latex foam vulcanized by steam
A) 0 phr of calcium carbonate, B) 10.0 phr of calcium carbonate,

C) 20.0 phr of calcium carbonate, D) 30.0 phr of calcium carbonate.
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Figure 36. Percent compression set as the function of calcium carbonate.
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Figure 37. Compression resistance of latex foams at 1.5 inches-thick and as function

of calcium carbonate.

S A v v v Yo S A
81\11/‘]@\11“1/1W1uﬂ1§1‘ﬁﬂ3]iﬁ@uuﬂﬂﬂﬂﬁ13J1§ﬂ9]11!1/]1ulliﬂﬂﬂl1ﬂﬂﬂ3181\1w@QHTV]

' ) v £ S A v P A~ 1
N"Il!ﬂ”liiﬁﬂ?”llli@ﬂllﬂﬂuxi IﬂEJfJ”N‘V\IE’NH1TIN1Uﬂ151Wﬂ?13J5@HLLU‘U@UT]llﬂ'J13JWu1L!uu

v

o A

1 Aa 4 a o
A1ga A0 0.175 gem’ (lui@uuaa@eunisueiua) ansaduniuusang ldiies 59.5 dadu
= S A ' A 3, a = 7
“lummzmwwmumummwmuuuqaqw A9 0.265 g/cm (IANLADLFNAITUDLUS 30 phr)

9 J=R a o
ﬁ1N1ﬁﬂﬂ1u1’nulli\‘lﬂﬂllﬂﬂ\‘l 211.8 WA



46

d ¢ o 5
2.4 ilesiFunmsnanivesenane i (Percent shrinkage)
A = = J I 4 @ 3’ A Y Y £
WonlseumeuilesiguanisnadlrvetsraeatinaIums ManuseuLuUHILay

Y v

o A a ~ 4 ' I I J v o A Y
SUUDUV AN NAVLADLTINUATITUDLUA wmmJmmmﬁmiwﬂmmmmmmummumﬂw

Y 2K A ' S A 9 Y 14 ' =
mmsmumuummqammnﬂmummumﬂwmwmauuuuaﬂunﬂq ATUBYINY

W1y

o

—e— edges direction —a— center direction —a— lateral direction

w
~
|

w
o
I

% Shrinkage
- NN
o N O

- -
(o)} o B
1 I

10 20 30
CaCOg; (phr)

o

Figure 38. Percent shrinkage of the latex foams vulcanized by steam as a function

of calcium carbonate.
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Figure 39. Percent shrinkage of the latex foams vulcanized by oven as a function

of calcium carbonate.
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Figure 40. Cushioning characteristics of the latex foam at 1.40 phr of potassium oleate,

1.5 inch-thick and as a function of calcium carbonate.
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Table 5. Characteristics of natural latex foam.

Vulcanization Filling agent %Compression set %Shrinkage Density (g/cm3) Cushioning characteristic (G) ~ Compression resistant (N)
CaCO, (phr) Edges Center  Lateral 1.5 inches - thick 1.5 inches - thick
Steam 0.0 8.4 10.8 17.1 10.2 0.177 44.87 51.1
10.0 18.6 17.1 29.7 15.0 0.182 46.57 69.2
20.0 16.7 16.0 22.4 13.8 0.185 45.37 82.6
30.0 15.7 14.0 20.0 11.9 0.201 44.61 84.9
Oven 0.0 6.8 10.4 14.8 8.0 0.175 42.88 59.5
10.0 12.8 14.4 21.9 14.2 0.237 45.31 178.3
20.0 12.6 13.6 17.7 13.1 0.256 43.59 184.2

30.0 12.2 11.6 153 11.2 0.265 43.69 211.8
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Figure 41. Cushioning characteristics of Natural latex foam and Polystyrene foam.
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Figure 42. Cushioning characteristics of volume ratio of the latex foam and polystyrene foam

A) 0.5 inch - thick, B) 1.0 inch - thick, C) 1.5 inch — thick.
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Table 6. Material cost of latex foam prepared from Dunlop process.

Latex foam

Chemicals (density of 0.175 g/em’)

Weight (g) Price (Baht)

High ammonia concentrated natural latex 60% DRC 98,864 4,440
Potassium-oleate solution 10% 8,880 474
Sulphur dispersion 50% 1,776 118
Zinc-N-diethyl dithiocarbamate dispersion 50% 1,184 118
Zinc-2-mercaptobenzothiazole dispersion 50% 1,184 178
Wing stay L dispersion 50% 1,184 59
Zinc Oxide dispersion 50% 5,920 710
Diphenyl guanidine dispersion 33% 1,776 296
Sodium silicofluoride dispersion 20% 1,332 59

Total 122,100 6,512
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Table 7. Density of latex foam as a function of potassium oleate.

Vulcanization Potassium oleate (phr) Density (g/cm3)

0.75 0.236
Steam 1.00 0.217

1.40 0.177

0.75 0.223
Oven 1.00 0.207

1.40 0.175

Table 8. Density of latex foam as a function of calcium carbonate.

Vulcanization Calcium carbonate (phr) Density (g/cms)
0 0.177
Steam 10 0.182
20 0.185
30 0.201
0 0.175
Oven 10 0.237
20 0.256

30 0.265




Table 9. Compression resistance of latex foams as a function of potassium oleate.

61

Potassium oleate (phr)

Vulcanization Thickness(Inch)

0.75 1.00 1.40

0.5 82.48 66.60 27.42

Steam 1.0 102.37 78.93 44.17
1.5 134.95 108.30 58.49

0.5 69.35 51.90 45.45

Oven 1.0 82.96 58.10 38.10
1.5 112.95 70.56 54.73

Table 10. Compression resistance of latex foams at 1.5 inches-thick.

Vulcanization Calcium carbonate (phr) Compression resistance (N)
0 51.12
Steam 10 69.16
20 82.61
30 84.88
0 59.46
Oven 10 178.33
20 184.17
30 211.80
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Table 11. Percent shrinkage of the latex foams as a function of potassium oleate.

Shrinkage (%)
Vulcanization Potassium oleate (phr)
Edges Center Lateral

0.75 9.7 11.5 9.6
Steam 1.00 10.0 15.5 9.7

1.40 10.8 17.1 10.2

0.75 7.3 8.4 59
Oven 1.00 9.6 14.7 7.9

1.40 10.4 14.8 8.0

Table 12. Percent shrinkage of the latex foams as a function of calcium carbonate.

Shrinkage (%)
Vulcanization Calcium carbonate (phr)
Edges Center Lateral

0 10.8 17.1 10.2
Steam 10 17.1 29.7 15.3

20 16.0 22.4 13.8

30 14.0 20.0 11.9

0 10.4 14.8 8.0
Oven 10 14.4 21.9 14.2

20 13.6 17.7 13.1

30 11.6 15.3 11.2




Table 13. Cushioning characteristics of the latex foam as a function of potassium oleate.

G Value

Vulcanization Potassium oleate (phr)
0.5 Inch 1.0 Inch 1.5Inch

0.75 62.11 53.99 42.87
Steam 1.00 61.86 55.59 43.06
1.40 63.31 54.94 4491
0.75 65.06 56.30 43.71
Oven 1.00 62.51 52.99 42.82
1.40 63.62 53.89 42.87

Table 14. Cushioning characteristics of the latex foam at 1.40 phr of potassium oleate.

Vulcanization Calcium carbonate (phr) G Value
0 44.87
Steam 10 46.57
20 45.37
30 44.61
0 42.88
Oven 10 45.31
20 43.59

30 43.69
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Table 15. Cushioning characteristics as a function of thickness.

G Value

Vulcanization Potassium oleate (phr)
0.5 Inch 1.0 Inch 1.5 Inch

0.75 62.11 54.13 42.87
Steam 1.00 61.86 55.59 43.50
1.40 62.69 54.94 44.87
0.75 65.06 56.30 43.77
Oven 1.00 62.51 53.06 42.74
1.40 63.62 53.87 42.88

Polystyrene foam 47.34 38.05 35.07
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Table 16. Percent compression set as the function of potassium oleate.

Vulcanization  Potassium oleate (phr) t, t,  Compression set (%)  Average
17.7 15.6 11.9
0.75 18.1 155 144 12.7
17.8 15.7 11.8
170 152 10.6
Steam 1.00 169 15.1 10.7 9.9
16.7 153 8.4
16.5 15.0 9.1
1.40 17.0 16.0 5.9 8.4
16.5 14.8 10.3
18.1 16.3 9.9
0.75 18.0 16.6 7.8 8.7
18.0 16.5 8.3
17.0 155 8.8
Oven 1.00 16.7 154 7.8 7.8
163 152 6.7
16.6 15.5 6.6
1.40 16.5 15.5 6.1 6.8

16.8 15.5 7.7




Table 17. Percent compression set as the function of calcium carbonate.

66

Vulcanization

Calcium carbonate ¢, t, Compression set Average
(phr) (%)
172 14.0 18.6
10 172 14.0 18.6 18.6
172 14.0 18.6
174 145 16.7
Steam 20 174 145 16.7 16.7
174 145 16.7
16.6 14.0 15.7
30 16.6 14.0 15.7 15.7
16.6 14.0 15.7
1.5 128 12.8
10 114 129 12.9 12.8
114 127 12.7
125 125 12.5
Oven 20 12.7 127 12.7 12.6
12.6  12.6 12.6
122 122 12.2
30 122 122 12.2 12.2
122 122 12.2




Table 18. Percent volume ratio of latex foam and polystyrene foam at 0.5 inch-thick.

Vulcanization  Potassium oleate  Volume  Volume ratio G Value
(phr) (cm’) (%)
432.6 2.0 62.11
0.75 432.6 2.1 62.07
432.6 22 61.81
481.5 2.2 61.86
Steam 1.00 481.5 23 61.74
481.5 2.4 61.52
485.3 2.2 63.31
1.40 485.3 2.3 63.19
485.3 2.4 63.09
475.0 2.2 65.06
0.75 475.0 2.3 64.95
475.0 2.4 64.90
494.7 2.2 62.51
Oven 1.00 494.7 2.4 62.39
494.7 2.5 62.08
472.6 2.1 63.62
1.40 472.6 2.3 63.52
472.6 2.4 63.44
691.6 22 47.34
Polystyrene foam 691.6 2.2 45.54

691.6 2.3 44.09




Table 19. Percent volume ratio of latex faom and polystyrene foam at 1.0 inch-thick.

Vulcanization  Potassium oleate  Volume  Volume ratio G Value
(phr) (cm’) (%)
955.5 43 53.99
0.75 955.5 4.6 53.72
955.5 4.8 53.59
961.1 4.4 55.59
Steam 1.00 961.1 4.6 55.11
961.1 4.8 54.83
955.5 43 53.99
1.40 955.5 4.6 53.72
955.5 4.8 53.59
957.4 43 56.30
0.75 957.4 4.6 56.07
957.4 4.8 55.32
983.8 4.5 52.99
Oven 1.00 983.8 4.7 52.88
983.8 4.9 52.69
981.9 4.4 53.89
1.40 981.9 4.7 53.71
981.9 4.9 53.52
1330.0 4.2 38.05
Polystyrene foam 1330.0 4.3 37.68

1330.0 4.4 36.85




Table 20. Percent volume ratio of latex foam and polystyrene foam at 1.5 inch-thick.

Vulcanization  Potassium oleate = Volume  Volume ratio G Value
(phr) (cm’) (%)
1455.8 6.6 42.87
0.75 1455.8 6.9 42.42
1455.8 7.3 42.36
1441.7 6.5 43.06
Steam 1.00 1441.7 6.9 42.95
1441.7 7.2 42.67
1455.8 6.6 42.87
1.40 1455.8 6.9 42.42
1455.8 7.3 42.36
1413.7 6.4 43.71
0.75 1413.7 6.7 43.56
1413.7 7.1 43.33
1508.8 6.8 42.82
Oven 1.00 1508.8 7.2 42.65
1508.8 7.5 42.38
1491.2 6.8 42.87
1.40 1491.2 7.1 42.63
1491.2 7.5 42.49
2128.0 6.7 35.07
Polystyrene foam 2128.0 6.9 34.83

2128.0 7.1 33.23




Table 21. Definitions of latex foam formulation.

Formulation Vulcanization Potassium oleate Calcium carbonate
(phr) (phr)
Oven 0.75 K-O Oven 0.75 -
Oven 1.00 K-O Oven 1.00 -
Oven 1.40 K-O Oven 1.40 -
Steam 0.75 K-O Steam 0.75 -
Steam 1.00 K-O Steam 1.00 -
Steam 1.40 K-O Steam 1.40 -
Oven 1.40 K-O 10 CaCO, Oven 1.40 10
Oven 1.40 K-O 20 CaCO, Oven 1.40 20
Oven 1.40 K-O 30 CaCO, Oven 1.40 30
Steam 1.40 K-O 10 CaCO, Steam 1.40 10
Steam 1.40 K-O 20 CaCO, Steam 1.40 20

Steam 1.40 K-O 30 CaCO, Steam 1.40 30
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Tables 22. Test no. Used for analyze of variation of latex foam.

Test no. Potassium oleate (phr) Vulcanization
1 1.40 Steam
2 1.00 Steam
3 0.75 Steam
4 1.40 Oven
5 1.00 Oven
6 0.75 Oven

Table 23. ANOVA of density of latex foam as a function of potassium oleate.

ANOVA
Density
Sum of
Squares df Mean Square F Sig.
Between Groups .006 5 .001 231.726 .000
Within Groups .000 12 .000
Total .006 17

Table 24. ANOVA of percent shrinkage at center direction as a function of potassium oleate.

ANOVA
%Shrinkage (center)
Sum of
Squares df Mean Square F Sig.
Between Groups 148.978 5 29.796 6.230 .005
Within Groups 57.387 12 4,782
Total 206.364 17




Table 25. ANOVA variation of percent shrinkage at edges direction on potassium oleate.

ANOVA
%Shrinkage (edges)
Sum of
Squares df Mean Square F Sig.
Between Groups 22.444 5 4.489 25.250 .000
Within Groups 2.133 12 178
Total 24.578 17

Table 26. ANOVA of percent shrinkage at lateral direction as a function of potassium oleate.

ANOVA
%Shrinkage (lateral)
Sum of
Squares df Mean Square F Sig.
Between Groups 39.324 5 7.865 73.733 .000
Within Groups 1.280 12 107
Total 40.604 17
Table 27. ANOVA of percent compression set as a function of potassium oleate.
ANOVA
%Compression set
Sum of
Squares df Mean Square F Sig.
Between Groups 64.363 5 12.873 7.889 .002
Within Groups 19.580 12 1.632
Total 83.943 17
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Table 28. Test no. used for analyze of variation of G value as a function of potassium oleate.

Test no. Potassium oleate (phr)  Thickness (Inch) Vulcanization G Value

1 1.4 1.5 Oven 42.8764°

2 1.4 1.5 Steam 44.8739°

3 1.4 1.0 Oven 53.8747%
4 1.4 1.0 Steam 54.9387"
5 1.4 0.5 Oven 63.6207"
6 1.4 0.5 Steam 62.6914%"
7 1.0 1.5 Oven 42.7433°

8 1.0 1.5 Steam 43.0505°
9 1.0 1.0 Oven 53.0645°
10 1.0 1.0 Steam 55.5900°"
11 1.0 0.5 Oven 62.5067°"
12 1.0 0.5 Steam 61.8573¢
13 0.75 1.5 Oven 43.7695%
14 0.75 1.5 Steam 42.8679%
15 0.75 1.0 Oven 56.2958'
16 0.75 1.0 Steam 54.1274°%
17 0.75 0.5 Oven 65.0587'
18 0.75 0.5 Steam 62.1080%"
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Table 29. ANOVA of G value as a function of potassium oleate.
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ANOVA
G Value
Sum of Squares df Mean Square F Sig.
Between Groups 23697.917 17 1393.995 257.346 .000
Within Groups 1868.801 345 5.417
Total 25566.718 362
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Table 30. Test no. Used for analyze of variation of latex foam as a function of calcium carbonate.

Test no. Potassium oleate (phr) Calcium carbonate (phr) Vulcanization
1 1.40 0 Steam
2 1.40 10 Steam
3 1.40 20 Steam
4 1.40 30 Steam
5 1.40 0 Oven
6 1.40 10 Oven
7 1.40 20 Oven
8 1.40 30 Oven
Table 31. ANOVA of density of latex foam as a function of calcium carbonate.
ANOVA
Density
Sum of
Squares df Mean Square F Sig.
Between Groups .029 7 .004 104.718 .000
Within Groups .001 16 .000
Total .030 23




Table 32. ANOVA of percent compression set as a function of calcium carbonate.

ANOVA
% Compression set
Sum of
Squares df Mean Square F Sig.
Between Groups 337.413 7 48.202 65.767 .000
Within Groups 11.727 16 .733
Total 349.140 23

Table 33. ANOVA of percent shrinkage at center direction as a function of calcium carbonate.

ANOVA
% Shrinkage (center
Sum of
Squares df Mean Square F Sig.
Between Groups 499.200 7 71.314 26.676 .000
Within Groups 42.773 16 2.673
Total 541.973 23

Table 34. ANOVA of percent shrinkage at edges direction as a function of calcium carbonate.

ANOVA
% Shrinkage (edges)
Sum of
Squares df Mean Square F Sig.
Between Groups 121.647 7 17.378 21.022 .000
Within Groups 13.227 16 827
Total 134.873 23

Table 35. ANOVA of percent shrinkage at lateral direction as a function of calcium carbonate.

ANOVA
% Shrinkage (lateral)
Sum of
Squares df Mean Square F Sig.
Between Groups 119.638 7 17.091 155.374 .000
Within Groups 1.760 16 .110
Total 121.398 23
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Table 36. Test no. Used for analyze variation of G value.
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Test no. Potassium oleate (phr) Calcium carbonate (phr)  Vulcanization
1 1.40 10 Oven
2 1.40 20 Oven
3 1.40 30 Oven
4 1.40 10 Steam
5 1.40 20 Steam
6 1.40 30 Steam
Table 37. ANOVA of G value as a function of calcium carbonate.
ANOVA
G Value
Sum of
Squares df Mean Square F Sig.
Between Groups 134.061 5 26.812 10.157 .000
Within Groups 322.050 122 2.640
Total 456.110 127
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PsU 1048
Figure 44. SEM of latex foam density of 0.207 g/cm".
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Figure 46. SEM of latex foam density of 0.236 g/cm3.
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Figure 48. SEM of latex foam density of 0.177 g/cm’.
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Figure 50. SEM of latex foam density of 0.256 g/cm3.
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Figure 51. SEM of latex foam density of 0.265 g/cm3.
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Figure 52. SEM of latex foam density of 0.182 g/cm’.
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Figure 54. SEM of latex foam density of 0.201 g/cmS.
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PsU 1064 1’4" x100
Figure 55. SEM of latex foam density of 0.223 g/cm3.
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Figure 56. SEM of latex foam density of 0.207 g/cmS.
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Figure 57. SEM of latex foam density of 0.175 g/cm3.
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PsSU 1071 10kY  100um x100
Figure 58. SEM of latex foam density of 0.236 g/cm3.
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Figure 60. SEM of latex foam density of 0.177 g/cm3.
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Figure 62. SEM of latex foam density of 0.256 g/cm3.
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Figure 64. SEM of latex foam density of 0.182 g/cm3.
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Figure 65. SEM of latex foam density of 0.185 g/cm3.
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Figure 66. SEM of latex foam density of 0.201 g/cm3.
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