Y] d
51801Nﬂﬂﬂﬁﬂ‘giﬂ!
A
FIRN

MsfiaIagiunszunnaIngnarlesiin

Development of Cushioning Material from Natural Latex Foam

(Y] (% J

- madsunalulag Taaiun ANERAAINNIININYAS

Q

a (Y ) a d
HH1INYIAYAIVATHUATHNG



UNAnE

HE Y ' Y a A A Y 2 a a

vraeniniuiagbesaarsldnmadinmimi o ldvimirerssssund §

o ) % o o ¥ . Y

Tassadradugnguideitiestunslulnssadie Salidnvuzadroeni uazillegnnsz i

9
drousanaudrvzansanduiugannzidyldd luauideillddnymavesasnones
OwunemFouTefen), M13auAY (AAEBoLAS VoIUa), navaanszuums Ianudou (il
2 v, va y
HALOY) UATAUYUIVEITUB I AR AU AN IIMIEn INYRIe1anei  Tagly
v o %’ 1 aa %’ .§ o
aszuumsananllumswssus e nransnaaoInuNauAYe 1WA UNY
a 4 a a { F °
BuavesInunmdoy Todea Taoiiody Inunaidou Toawaluls maununvu i ldes
Y \ 2

oahfinnuvuunivuazanummsalumsiuniuusinaanas uenvni Inmeadoule

o ’ Y] ¥ A ) 9 & ) ' s =

deadanalivianenindiumsitanudeunvuilamumsamuniussusina laa uasl

T o o 'd a 1 ¥ A 3 9

anwnuuniytazlesiuamsnadiganeneuindiums Idanudeunuvey luvay
{ N 4 ] f,’ 1

amsAuunaEeuns veiuaadanalisaeatihlauruuiu anuanse lumsdunu

s d & v a4 & - PN o a o
usenauazilesisudmsvaaangevunaslinlos udnisnadagagansya 10 phr (part per
4 ¢ ' 9 ¥ oA Y v
hundred rubbers) aziAaFoNA1S VosuadIna 1T o1 AU 1A eutven

) ' Yt 2 A Y v & & '
ﬁ1u153ﬂ1uﬂ1uﬁﬂlliQﬂﬂvlﬂﬂﬂ'J”IUWQT\lﬂﬂu']WWWuﬂ'lﬁﬁlﬂﬂ'J'lllifJuanUuﬁ HOAVINUNWUNUI

=}

¥ da Y ' Y ” et
Wouhhlianumunungnsedumuasusng uazmmsodesdunsenszunnlda
o d' Y a 2 A 2 ' ¥ A
i linagoufinududda 0.04 kg/em” nazannszunnfinnuge 18 §3 nuenwenhing
Y o ad A ¥d a ¥ a a
anummnsatumsilesnuusinszunndnga fe sraeaniigs sunnns 15 TnunmGsulod
P Q’l ' IS 'q ) \
1@ 1.40 phr, M3 Ianudouuuveutazinaumut 1.5 12 Falisi G miga (42.9 G) ulh1u1e
¥ = K :) v o G ]
Wonhezlianwansolumsgaduusanszunn lddindr Iuweddalasu (anununniv
v A o @ :‘/ [ Y 1 g ey
0.016 g/em’) uaiiiorh linageusuusenszunnnatsgass nduwuedeailianians
9 et A Y a ] ' A o [ v
Yosmsusenszunn lddidlosnnunsleniiinnubanguuazanuansalumsiudindy 14
a o a ¥ A4 a o X4 9 v v '
ani Tuwoda a3y uazeneniullemunauividos ldurawinaswaldanumuiniy
y ' & da 43 o ” &
HASAMTNATOATUNIUABUIINATIVY YUz 0FIFUANITHAAIAAAY UBNIINTUYI
%‘ a J d’ g 1 1= 1 [ v 3
WonluRvaidesaa 10-25%  litianuuanaeiuludiuanuaunsalumsgaguuss
A < . o o 4 ¥ a
ATTUNn uazmm‘]ﬁUULVIUUﬂU’JﬁﬂﬁQLﬂﬂ:ﬁT‘NU Expandable Polystyrene W31 819W@9113)
¥ v
Uszdninmlumsgaduusanszunn’ldania 9-14% uazgrelszndaiiunms ldvesiag
@ H < @ a
funszunnld 2.2-147%  sadeuhadinnuduly s lunsidiuiagiunszunonuyld

¥ A b o 3
FIUIOUVUTDINUMINIZUNNG

)



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 sfatic 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/cms), 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. In addition, latex foam
mixed sawdust had higher density and compression resistance but lower percent shrinkage. Latex
foam mixed sawdust from 10-25% had no significant difference in shock absorbing performance
and had a better shock absorbing performance 9-14% compared to commercially synthetic
material: Expandable Polystyrene Foam. Using natural latex foam also offered more economy
cushion area 2.2-14.7% than the commercial material. Therefore, the natural latex foam has the

feasibility in applying as a reusable package cushioning material or repeated drops protection.
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RAW MATERIALS

Deammoniation

Gelling
& Vulcanizing

Removal from Mould

Finished Product ‘Washing

Figure 1. Step for latex foam preparation.

Source: NR Technical Bulletin (1966a)
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Figure 5. Air bubble pad.

Source: http://www.alibaba.com/catalog/11419314/Air_Bubble_Paded_Envelope.html
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Figure 9 Sample of cushion curves
Source: Burgess (2002)
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Research plan of latex foam cushion development

JL

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.

igs

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

1. Foaming agent (potassium oleate at 0.75, 1.00 and 1.40 phr.) : 1.Foam density

2. Vulcanization process (oven and steam). 2.Compression resistance

3. Thickness of foam at 0.5, 1.0 and 1.5 inches thick. 3 Percent 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 J L 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 fbr 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.

WV

Effect of sawdust mix on cushioning characteristics of latex foam
1. The best cushioning characteristics latex foams is used in mixing with saw dust at 10, 15, 20, 25%
2. Determine physical properties and shock absorbing performance of latex foam mixed sawdust.

3. Generate cushion curves

Figure 14. Flow chart of experimental plan.
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aswanvaonhnugINveIgudiIsesasva Taoligaseaa Table 1

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 silicoﬁuoride dispersion 20% 0.45 2.25
Calcium carbonate dispersion 50% 10, 20, 30 20, 40, 60

#an : qudisoonaaevan (2546)
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60% NR latex (HA)

ﬂ Battering for 1 min.

Adding 10% K-oleate, 50% Sulphur dispersion, 50% ZDEC dispersion,
50% ZMBT dispersion and 50% Wing stay L dispersion

ﬂ Battering for 3 min.

Adding 50% Zinc Oxide dispersion,
33% DPG dispersion

ﬂ Battering for 2 min.

Adding 20% SSF dispersion

ﬂ Battering for 1 min.

Moldings

ﬂ Holding for 10 min.

Vulcanizing (steam/oven)

ﬂ Washing

Drying at 70°C

Figure 15. Flow chart of latex foam preparation.
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% MITHAAD = (x JxlOO
X

Y £
X, = TUIRYNATUAN JYDULN (cm)

¥ v ' v w o
X, = VUINTOIWNHBIIAIUA ﬁ'manam"lwu (cm)

= lateral direction

B = edges direction
C = center direction

Figure 16. Measuring the shrinkage of latex foam.

35 msmtﬁmQmauﬁ’ﬁn1si'laQﬁ’unmﬂsztmmlmﬂnﬂm{ﬁ

Tad19d Ay FIUNTTNATOY ASTM D 4168 Standard Test Methods For Transmitted
Characteristics of Foam- in- Place Cushioning Materials Tﬂumiiﬁug ﬂﬂnwmﬁmmmmmm
napanszaEgnyniildnanou mmﬁmﬂ"ﬂdwmmzﬁmf1ﬂﬁnﬁﬁmmimﬂﬁfmmu‘lu
naoUNan 219W17A Accelerometer ATINAYBINABUNAN YnsTadndswdinndesuy
A omMATBUMIANATIIND (Drop tester) Tavanafundesanuasufuiiunsamarey
g'ammqamni:ﬂzﬁﬁuﬁuﬁ'ﬁuﬁmﬁnussigff"l‘nﬂﬁav ﬂﬂﬂmﬂ%mﬂﬁaﬂﬁ’ﬂﬁ'aun’c\'mﬁﬂ
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399

— To PC computer

Figure 17. 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 18. Battering machine.
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Figure 19. Molds.
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Figure 20. Oven.
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4. M30AFUVUNATIOY 4 A1 B0 Sartorius Ju BP-2100S

Figure 21. Digital scale.

5. I3 BaNATBLLSINA BB LLOYD {1 LR 30 K sasmiwlavy3sn sulnsnes Insd

e

Figure 22. Universal testing machine.

6. InTosiAuaz T uiinus anTzuNA B0 Lansmont jU Test Partner TP3-Lite Haa Iavu3ym
Lansmont UAsHASAUSINTZUNN (Accelerometer) LY ICP { 353B18 wanlavuisn PCB

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

Figure 23. Shock analyzer and accelerometers.
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Figure 24. Drop tester.
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[ 1 E4
wihivesmnsinlinlslumsmsonoraenimmnsoagy1Ae Table 2

Table 2. Chemicals and used in latex foam preparation.

Chemicals Function
Potassium oleate solution Foaming agent
Sulphur dispersion Vulcanizing agent
Zinc-N-diethy] dithiocarbamate dispersion Accelerator
Zinc-2-mercaptobenzothiazole dispersion Accelerator
Wing stay L dispersion Antioxidant
Calcium carbonate dispersion Filling agent
Zinc Oxide dispersion Activator gelling agent
Dipheny! guanidine dispersion Secondary gelling agents
Sodium silicofluoride dispersion Gelling agent

11 : WeH TS UTqu (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% 25 5.0
Zinc-N-diethy] 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% 0.45 225
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Figure 25. Density of latex foam as a function of potassium oleate.
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Figure 26. SEM of latex foam density of 0.175 g/cms.
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PSU 1071 10k 100um X100
Figure 27. SEM of latex foam density of 0.236 g/cm’.
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Figure 28. Compression resistance of latex foams vulcanized by steam.
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Figure 29. Compression resistance of latex foams vulcanized by oven.
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Figure 30. Percent compression set as a function of potassium oleate.
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Figure 31. 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 32. 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 33. The shrinkage of latex foam at lateral direction.
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Figure 34. Percent shrinkage of the latex foams vulcanized by steam as a function

of potassium oleate.
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Figure 35. Percent shrinkage of the latex foams vulcanized by oven as a function

of potassium oleate.
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Figure 36. Cushioning characteristics of the latex foam vulcanized by steam.
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Figure 37. 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/cms) 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 L5

Steam 1.40 84 10.8 17.1 10.2 0.177 63.31 54.94 4491 2742 4417 58.49
1.00 9.9 10.0 15.5 9.7 0.217 61.86 55.59 4306 66.60  78.93 108.30
0.75 127 9.7 11.5 9.6 0.236 62.11 53.99 4287 8248 10237 13495

Oven 1.40 6.8 10.4 14.8 8.0 0.175 63.62 53.89 4287 4545 38.10 54.73

1.00 7.8 9.6 147 7.9 0.207 62.51 52.99 4282 5190  58.10 70.56

0.75 8.7 7.3 84 5.9 0.223 65.06 56.30 4371 6935 82.96 112.95




46

3.2. HAVBIMSIANTIHUAN (UAATBNMFVBIUA)

3.2.1 ANUHMIY (Density)
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Figure 38. Density of latex foam as the function of calcium carbonate.
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Figure 39. 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 40. 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 41. Percent compression set as the function of calcium carbonate.
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Figure 42. Compression resistance of latex foams at 1.5 inches-thick and as function

of calcium carbonate.
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Figure 43. Percent shrinkage of the latex foams vulcanized by steam as a function

of calcium carbonate.
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Figure 45. 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/cms) 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 16.0 224 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 12.8 144 219 142 0.237 4531 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




55

\J z 4 1]

98 Table 5 wudenvenihmioulasld IwmunaGoulodion 140 phr WU

v }4 da L T a a 4 o
aszuIumsianueunuveuninnuvun 15 47 uaz liduusa@ounisvowa uye
nsnaassimnzaungalumses sunaeniuioi lddssynd 19 uTagunszunn

A o Y da v I s o J o o )
flesnntlusiaenimianumuuniud nfefisudmsnadadi uazlinnumnsolums
v ¥ H
gaduusnszunnldaige wazlumsnaasail nuimsanudounvveuiduisash
o ' 9 9 & 2 a =y = s/ oo ¥

raNUazs RTINS IManufeunuuilsaialianuduldeanissndi duiulums

A aa 9 o :i ' ¥ ¥ oo o o Y a
@enIIms lManudeuiminzanunseadsainiudirrslsyndanal Auyuuasiinaiy

A2AINNNAY

[¥) : [¥) [v) d
3.3. madfSsuisuautianistestuusanszunnszvineasnidulnudunsizvine
aalasu
e T %‘ { H 1 s L
MANAMINATBUTUIAA1Y veseenhimisuangasiuana1anu wudies
?,’ a a =) o a way L ' %’ a A Y a
WouhmuunaFouns usualiauiia lassaudnneoneainiwsouTas luRuusadou
I'd ] o @ as d' o Qs by o %’ e
a1 vamaeesltisd Ay wethautiaanumusalunstlestuusinszunnvesnaneain
G A =t I'd a o ey Y LY
wivnTaslu@uuaa@ounis voiau S sufsusuautianisdessuusnszunnuss Ty

@ % o o { a ° o @ o a [ .
dunsiziwodalaiu Fallutagitismhunlfihuiagriunszunnlutoniiu & Figure 46

_ - S 1.40 K-O
70 —— S 1.00 K-O
—=— 8 0.75 K-O
—>— 1.40 O
—x— 1.00 lo]
0.75 o
60 -
§ 50 A
40 -
30 T T T )
0.0 0.5 1.0 1.5 2.0
Thickness (Inch)

Figure 46. Cushioning characteristics of Natural latex foam and Polystyrene foam.
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Figure 47. 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/cm’)

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
Dipheny! guanidine dispersion 33% 1,776 296
Sodium silicofluoride dispersion 20% 1,332 59
Total 122,100 6,512
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Table 7. Size distribution of sawdust was collected from wood toys production process.
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Figure 48. SEM of sawdust particle.
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Particle size (mm) Sieve (mesh) Percent by weight
>2.00 mm Upper 10 mesh 28.8%
0.84-2.00 mm 10-20 mesh 38.2%
0.50-0.84 mm 20-35 mesh 21.7%
<0.50 mm Under 35 to pan mesh 11.3%

3.5.2. ANNRUIMUY
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Figure 49. Density of latex foam mixed sawdust.
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Figure 50. Density of latex foam mixed sawdust as a function of % of sawdust.
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Figure 51. SEM of latex foam without sawdust at density of 0.145 g/cma.
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Figure 52. SEM of latex foam mixed 25% sawdust at density of 0.208 g/cms.
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Figure 53. Compression resistance of latex foam mixed sawdust.
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Figure 54. Percent shrinkage of the latex foam mixed sawdust.
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3.5.5. mmtmnsﬂ“lumsgﬂcis’mmnszum (Cushioning Characteristic)
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Figure 55. Sample of shock pulse from drop test of latex foam cushion
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180.0
10009 y = 19.674g00455x ¢
. 140.0 1 R2 = 0.9049
\‘8; 120.0 +
o 100.0 -
2}
£ 800 -
[72]
L 60.0 -
S
g 40.0 -
O 20.0 -
0.0 T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0
Energy density (psi)

Figure 57 Dynamic stress vs energy density curve of latex foam mixed 10%sawdust.
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Figure 58 Dynamic stress vs energy density curve of latex foam mixed 15%sawdust.
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Figure 59 Dynamic stress vs energy density curve of latex foam mixed 20%sawdust.
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Figure 60 Dynamic stress vs energy density curve of latex foam mixed 25%sawdust.
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Deceleration (G)

Latex foam 12" drop height, 1 st impact, 0.5-3" thick, Density 0.145 g/cm?
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Figure 61 Cushion curves of latex foam 12” drop height
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Figure 62 Cushion curves of latex foam 18” drop height
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Deceleration (G)

Latex foam 24" drop height, 1 st impact, 0.5-3" thick, Density 0.145 g/cm?
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Figure 63 Cushion curves of latex foam 24" drop height
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Figure 64 Cushion curves of latex foam 30” drop height
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Deceleration (G)

Latex foam 36" drop height, 1 st impact, 0.5-3" thick, Density 0.145 g/cm?
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Figure 65 Cushion curves of latex foam 36 drop height
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Figure 66 Cushion curves of latex foam 42” drop height
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Latex foam mixed 10% sawdust

12" drop height, 1 st impact, 0.5-3" thick, Density 0.166 g/cm?®
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Figure 67 Cushion curves of latex foam mixed10% sawdust 12” drop height
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Figure 68 Cushion curves of latex foam mixed10% sawdust 18” drop height
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Latex foam mixed 10% sawdust
24" drop height, 1 st impact, 0.5-3" thick, Density 0.166 g/cm?
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Figure 69 Cushion curves of latex foam mixed10% sawdust 24” drop height
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Figure 70 Cushion curves of latex foam mixed10% sawdust 30" drop height
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Figure 71 Cushion curves of latex foam mixed10% sawdust 36” drop height
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Figure 72 Cushion curves of latex foam mixed10% sawdust 42” drop height
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Latex foam mixed 16% sawdust
12" drop height, 1 st impact, 0.5-3" thick, Density 0.184 g/cm?
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Figure 73 Cushion curves of latex foam mixed15% sawdust 12” drop height
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Figure 74 Cushion curves of latex foam mixed15% sawdust 18” drop height
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Latex foam mixed 15% sawdust
24" drop height, 1 st impact, 0.5-3" thick, Density 0.184 g/cm?
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Figure 75 Cushion curves of latex foam mixed15% sawdust 24” drop height
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Figure 76 Cushion curves of latex foam mixed15% sawdust 30” drop height
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Figure 77 Cushion curves of latex foam mixed15% sawdust 36” drop height
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Figure 78 Cushion curves of latex foam mixed15% sawdust 42” drop height
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Latex foam mixed 20% sawdust
12" drop height, 1 st impact, 0.5-3" thick, Density 0.198 g/cm?
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Figure 79 Cushion curves of latex foam mixed 20% sawdust 12” drop height

Latex foam mixed 20% sawdust
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Figure 80 Cushion curves of latex foam mixed 20% sawdust 18” drop height
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Latex foam mixed 20% sawdust
24" drop height, 1 st impact, 0.5-3" thick, Density 0.198 g/cm?
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Figure 81 Cushion curves of latex foam mixed 20% sawdust 24” drop height
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Figure 82 Cushion curves of latex foam mixed 20% sawdust 30” drop height



Latex foam mixed 20% sawdust
36" drop height, 1 st impact, 0.5-3" thick, Density 0.198 g/cm?
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Figure 83 Cushion curves of latex foam mixed 20% sawdust 36" drop height

Latex foam mixed 20% sawdust
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Figure 84 Cushion curves of latex foam mixed 20% sawdust 42” drop height
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Latex foam mixed 25% sawdust
12" drop height, 1 stimpact, 0.5-3" thick, Density 0.208 g/cm3
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Figure 85 Cushion curves of latex foam mixed 25% sawdust 12” drop height

Latex foam mixed 25% sawdust
18" drop height, 1 st impact, 0.5-3" thick, Density 0.208 g/cm?
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Figure 86 Cushion curves of latex foam mixed 25% sawdust 18” drop height
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Latex foam mixed 25% sawdust
24" drop height, 1 st impact, 0.5-3" thick, Density 0.208 g/cm?
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Figure 87 Cushion curves of latex foam mixed 25% sawdust 24” drop height

Latex foam mixed 25% sawdust
30" drop height, 1 st impact, 0.5-3" thick, Density 0.208 g/cm?
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Figure 88 Cushion curves of latex foam mixed 25% sawdust 30” drop height
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Latex foam mixed 25% sawdust
36" drop height; 1 st impact, 0.5-3" thick, Density 0.208 g/cm?
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Figure 89 Cushion curves of latex foam mixed 25% sawdust 36 drop height

Latex foam mixed 25% sawdust
42" drop height, 1 st impact, 0.5-3" thick, Density 0.208 g/cm?
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Figure 90 Cushion curves of latex foam mixed 25% sawdust 42” drop height
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Table 8 Recommended drop height from ASTM D4169

Package Weight Assurance Levels (1, 1I, III) and Drop Height ' Handling
{lbs}) (inches) » Method
I I 11 » o
0-20 48 30 18 ?‘ Manual
21 - 40 42 24 15 Manual ‘
41 - 60 36 18 12 Manual
~ 61-80 30 18 9 Manual
81 - 100 24 18 6 Manual
101 - 200 18 i8 3 Manual
201 - 600 12 9 6 Mechanical
Over 600 | L 6 3 Mechanical
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Figure 91 Cushion curves of DYLITE D195, drop height 18 in.
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Table 9 Shock absorbing performance of latex foam and DYLITE D195

Cushion materials (Transmitted) Deceleration (G)
DYLITE D195B 49
Latex foam 43.64
Latex foam mixed 10%sawdust 44.60
Latex foam mixed 15%sawdust 44.84
Latex foam mixed 20%sawdust 43.75
Latex foam mixed 25%sawdust 43.10

910 Table 9 ArANUMthniousansunniideiunniag Fsmunsaslden
as g Ts4 wudh sauminaves DYLITE D195 sxfifigage 49 G Tuvaizdis
anumirveanatenhezdimumeialugrunuadud 43.1-44.8 G anfusiaentilugn
yiiafmagovezitlszaninmlumsgasuussnszunniidniiiogiunszunamansd
DYLITE D195 15z 9-14%
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Figure 92 Cushion curves DYLITE D195B, drop height 36 in.
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Table 10 Cushion design analysis of latex foam
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Cushion materials Thickness Static stress Cushion area Cushion size
(in) (psi) (in") ty x y (in)

DYLITE D195B 2 2.15 23.26 2.41x2.41
Latex foam 2 2.20 22.73 2.38x2.38
Latex foam mixed 2 247 20.24 2.25x2.25
10%sawdust

Latex foam mixed 2 242 20.66 2.27x2.27
15%sawdust

Latex foam mixed 2 2.52 19.84 2.23x2.23
20%sawdust

Latex foam mixed 2 247 20.24 2.25x2.25

25%sawdust
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Table 11. Density of latex foam as a function of potassium oleate.

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

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 12. 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 13. Compression resistance of latex foams as a function of potassium oleate.

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 14. 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 15. Percent shrinkage of the latex foams as a function of potassium oleate.

Shrinkage (%)
Vulcanization Potassium oleate (phr)
Edges Center Lateral
0.75 9.7 115 9.6
Steam 1.00 10.0 15.5 9.7
1.40 10.8 17.1 10.2
0.75 7.3 84 59
Oven 1.00 9.6 14.7 7.9
1.40 104 14.8 8.0

Table 16. 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 16.0 224 13.8
30 14.0 20.0 11.9
0 104 148 8.0
Oven 10 144 21.9 14.2
20 13.6 17.7 13.1

30 11.6 15.3 11.2




Table 17. Cushioning characteristics of the latex foam as a function of potassium oleate.

G Value
Vulcanization Potassium oleate (phr)
0.5 Inch 1.0Inch 1.51Inch

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 18. 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 4531
20 43.59 |
30 43.69

98
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Table 19. 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 V 42.74
1.40 63.62 53.87 42.88

Polystyrene foam 4734 38.05 3507




Table 20. Percent compression set as the function of potassium oleate.

100

Vulcanization Potassium oleate (phr) t, t Compression set (%)  Average
17.7 156 11.9
0.75 18.1 155 144 12.7
17.8 157 11.8
170 152 10.6
Steam 1.00 169 15.1 10.7 9.9
167 153 84
16.5 15.0 9.1
1.40 17.0 16.0 5.9 8.4
16.5 14.8 103
18.1 16.3 9.9
0.75 18.0 16.6 7.8 8.7
180 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 21. Percent compression set as the function of calcium carbonate.

101

Vulcanization

Calcium carbonate ¢, t,  Compression set Average
(phr) (%)
172 140 18.6
10 172 140 18.6 18.6
172 140 18.6
174 145 16.7
Steam 20 174 145 16.7 16.7
174 145 16.7
16.6 14.0 15.7
30 166 14.0 15.7 15.7
16.6 14.0 15.7
115 128 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
126 126 12.6
122 122 12.2
30 122 122 12.2 12.2
122 122 12.2
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Table 22. Percent volume ratio of latex foam and polystyrene foam at 0.5 inch-thick.

Vulcanization  Potassium oleate Volume  Volume ratio G Value
(phr) (em) (%)
432.6 2.0 62.11
0.75 432.6 2.1 62.07
432.6 2.2 61.81
481.5 2.2 61.86
Steam 1.00 481.5 23 61.74
481.5 24 61.52
4853 22 63.31
1.40 485.3 23 63.19
485.3 24 63.09
475.0 22 65.06
0.75 475.0 23 64.95
475.0 24 64.90
494.7 22 62.51
Oven 1.00 494.7 24 62.39
494.7 25 62.08
4726 2.1 63.62
1.40 472.6 23 63.52
472.6 24 63.44
691.6 22 47.34
Polystyrene foam 691.6 22 45.54

691.6 23 44.09
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Table 23. Percent volume ratio of latex faom and polystyrene foam at 1.0 inch-thick.

Vulcanization Potassium oleate = Volume  Volume ratio G Value
(phr) (em)) (%)
955.5 4.3 53.99
0.75 955.5 4.6 53.72
955.5 4.8 53.59
961.1 44 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 4.3 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 49 52.69
981.9 44 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 43 37.68

1330.0 44 36.85
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Table 24. Percent volume ratio of latex foam and polystyrene foam at 1.5 inch-thick.

Vulcanization  Potassium oleate Volume  Volume ratio G Value
(phr) (em’) (%)
1455.8 6.6 42.87
0.75 1455.8 6.9 42.42
1455.8 73 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 73 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
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Table 25. 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 26. Test no. Used for analyze of variation of latex foam.
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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 27. 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 28. 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
Totat 206.364 17

Table 29. 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
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Table 30. 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 31. 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 32. 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 14 1.5 Oven 42.8764°

2 14 1.5 Steam 44.8739°

3 14 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 43.05053.
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 61.85737
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%"




Table 33. 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 34. 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 35. ANOVA of density of latex foam as a function of calcium carbonate.

ANOVA
Density
Sum of
Sguares df Mean Square F Sig.
Between Groups .029 7 .004 104.718 .000
Within Groups .001 16 .000
Total .030 23
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Table 36. 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 37. 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 42773 16 2.673
Total 541.973 23

Table 38. 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 39. 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




Table 40. 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 41. 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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1. Mwag SEM ¥esgaviaanihnnuvuuiuuananiuiimaavens 60 tm

PSU 1083 10kV  200um = xBO
Figure 94. SEM of latex foam density of 0.223 g/cms.
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PSU 1048 10kY  200um
Figure 95. SEM of latex foam density of 0.207 g/cmz.
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PSU 106b 10 200um
Figure 96. SEM of latex foam density of 0.175 g/cm3.

PSU 1069 10ky  200um
Figure 97. SEM of latex foam density of 0.236 g/cm3.
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PSU 1072 10KV  200um
Figure 98. SEM of latex foam density of 0.217 g/cmS.

PSU 1075 10y 200um  xB0
Figure 99. SEM of latex foam density of 0.177 g/cma.
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PSU 1078 200um xb0
Figure 100. SEM of latex foam density of 0.237 g/cms.

PSU 1305 10kY  200um
Figure 101. SEM of latex foam density of 0.256 g/cm3.
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10ky  200um xb0
Figure 102. SEM of latex foam density of 0.265 g/cms.
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FS 1111 10kY  200um
Figure 103. SEM of latex foam density of 0.182 g/cms,




Pall 1114 10kY  200um
Figure 104. SEM of latex foam density of 0.185 g/cmz.

1178 10kY ~ 200um
Figure 105. SEM of latex foam density of 0.201 g/cma.
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2. Mngne SEM vesenavlaathnnaumuuiuuanaanuiifidavens 100 tm

PSSt 1064 . 10kV  100um x100
Figure 106. SEM of latex foam density of 0.223 g/cms.

PSU 1049 10KV 100um x100
Figure 107. SEM of latex foam density of 0.207 g/cms.
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PSU 1068 10kY  100um x100
Figure 108. SEM of latex foam density of 0.175 g/cm3.

PSU 1071 10kv  100um ~ x100
Figure 109. SEM of latex foam density of 0.236 g/cma.
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PSU 1073 10Ky 100um x100
Figure 110. SEM of latex foam density of 0.217 g/cms.
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PSU 1076 10kv  100um x100
Figure 111. SEM of latex foam density of 0.177 g/cms.
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PSU 1080 10KV 100um x100
Figure 112. SEM of latex foam density of 0.237 g/cms.

Figure 113. SEM of latex foam density of 0.256 g/cms.
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Eot THig 10kY  100um x100
Figure 115. SEM of latex foam density of 0.182 g/cma.
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PSU 1116 10KV 100um
Figure 116. SEM of latex foam density of 0.185 g/cms.

1180 10KV x100
Figure 117. SEM of latex foam density of 0.201 g/cm3.
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Figure 118. Latex foam mixed sawdust.
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