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Physical Properties of Natural Rubber Foam Reinforced with Borassus Fruit Fiber:
Effects of Alkali Treatment and Fiber Content
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Abstract

This research investigated the appropriate conditions for improving fiber of Borassus Fruit and effects of
content on physical properties of natural rubber foam reinforced with Borassus fruit fiber composites. Firstly, sodium
hydroxide (NaOH) solution treatment was used. The concentrations of NaOH were varied from 0, 5, 10 and 20 %
w/v, respectively. The treatment time was 1 hour. The suitable condition for surface treatment was evaluated by
fiber length, diameter ratio (L/D) , and morphology of natural fiber by scanning electron microscopy (SEM). The
results showed that the L/D ratio trended to increase when concentrations of NaOH solution increased. However,
20%w/v of NaOH resulted in brittle fiber. Therefore, the optimal NaOH concentration was 10% w/v for treatment.
The fiber contents were varied from 0, 1, 2.5 and 5 phr. The cell size of rubber foam composite decreased when
the fiber contents increased. The density of natural rubber composites foam increased with increasing fiber
contents. The rate of collapsing due to compression decreased with increasing fiber contents. The morphology
study has shown that the natural fibers penetrate into the foam cells.Keywords: Rubber Foam, Composite Materials,

Latex, Borassus Fruit Fiber, Alkali treatment
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Tdpnuiu ﬁqmmﬁ 80 sarnwaidva Wuan 24 $alua
MMsmsasdusenienuefoduuAugNan

2.4 NM5LASEUNLNIHUSTTUYR

st ouealnussIHYIA arsiadanugnsi
wanslu Table 1 ththenssssum@tu (60% DRC) nawuth
19 1 unit vitelawenTufodumeunisinionendlnusssy
A wazTanaeunodngalilussuvAfiiaiuusadae
uloma fauans Table 2 1levin1snauAsunILLIa
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Table 1 Formulations of Natural Rubber Latex Foam

Chemical substances Weight
Dry (phr) Wet (g)

NR latex 60 % DRC 100 167
Potassium - Oleate solution 10 1.00 10
%
Sulphur dispersion 50 % 25 5
ZDEC dispersion 50% 1.0 2.0
ZMBT dispersion 50% 1.0 2.0
Wingstay L dispersion 50 % 1.0 2.0
ZnO dispersion 50 % 5.0 10.0
Diphenyl guanidine dispersion 1.0 3.0
33 %
Sodium silicofluoride 0.5 4
dispersion 12.5 %
Borassus Fruit Fiber 0,1,25,5 0,1,25,5

Table 2 Mixing procedure For NR compound

preparation
Order Ingredient Mixing time
(min)

1 Latex (DRC 60%) 1

2 10% Potassium - Oleate Sulphur 3
ZDEC ZMBT Wingstayl, Borassus Fruit
Fiber

3 Zinc Oxide 1
Diphenyl guanidine

4 SFF dispersion 1

7

2.5 N5UATIEN

2.5.1 nsAnwdugIuInen

rianeralnlusssuvuag Janenally
sysuAfieduussnadulonafinususisuazsunves
waaludien1satenImalen1sidndesganssal
dLdnmseauLuUUdDINI1A (Scanning Electron
microscope) B1fo LED §u 1450 VP n1sindendusuiou
NTATIEY thieg e Tanenslnusssud waydageis
Trlusssuwidfiasuusedoidulonia ugulu
ulpsauanduinm 3w anduthdunusninly
w7 (cross section) waztindusuAdoudaenesnau
nlUAnudugine

2.5.2 MInadaUINIsgUALiasan
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VAFDUAINNINTFIU ASTM D 395 lng
dnsunuduguanausuaduinugudnans 29 fadums
a9 19 fiadiuns MNeduiegrdluukuindnsa nalgui
50 % 91nAmgUAN faliUsgana 15 uadt dilueud
gaumgil 70 sarwaldea \unan 22 §alus theenain
Fou 219Fuf9819 30 Ul 91ndutaniugerety
et Tnegnslunsduin faunisi 1

. to—t
compresion set % = [ Ot ]xlOO (1)
0
t = ANUNUINRINITNAGBU (mm)
to = AUAUAN (Mm)

2.6.3 MINAHDUAMUNUILLY
(Density)

NMINAABUANKUAIIINUINTFIY
ASTM D 3574-95 Tnesinguenslnluitlélunisvnaey
\Husudinaoy ihaususndamind e
WY V0T G'hasmimﬂ%’qmﬁaammiﬁ 2

M
D=— 2)
14

D = ANUNILULYDITUIIUNAEDU (g/cm’)
M = dmmillnBunagdsu (g)
Vo = USuesaunedsu (cm?)

2.6.4 NsnAdaUAULTS

Fatuauliivuaning 2.5 wuiuns
w7 6 WwuRns TanraudresTaniommn 6 90 a1
1AF§IU ASTM D 2240 Feia3asinAuudauuy Shore
A (ISH-SAM Shore Durometer Operation Manual)
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31 nqiﬂ§uﬂ§qﬁuﬁaﬁaamiasma@ha

wamsmamazﬁmmxaaﬂumiﬂ%fwgﬁuﬁmaﬂ
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Toifeulensonlad Afesay 510 uay 20 lagtiwnin
seU3uns Inawflsuiuiudnvesdulonanavesnis
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9.527 Uaz 5.318 ANa16U #d Table 3 A8ns1dU (L/D)
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[11] §9 Figures 2 Lag 3 A183918 200 ILAANTLTY
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asonlemdulonanining wasdse Wosnusnaves
ansazaneladeulensonlasunniuly defuanududu
Amungdmunsdivusadulenia e anududy
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Table 3 L/D ratio of Borassus Fruit Fiber as various
NaOH concentrations
NaOH Length of

Diameter (D) (L/D)

(%w/v) Borassus (um)
Fruit Fiber
(W]
(um)
536.78 +1.41 100.94 +17.097 5.318

600.30 £1.24 62.98 £10.606 9.527
10 567.30 +1.25 33.72 £5.024 16.824
20 567.86 +1.21 20.87 £6.759 27.21

3.2 douguInen

Figures 4 WaAIANYMEUBI1INUTITUYIF WAL
Fanpouwednyalrlusssumafiaduuseeidlonaly
USua 0 1 2.5 tag 5 phr 31nnmane wuii wWeswessns
INUSTTUYIARANITEUFT WaziAnn1STIuNguvaaslinLdy
loiinnisnszanadlaties Figure 5 LAAIANYUE VDL
Trluss3uu1@ uaztanaounedny1alnusssuvIAd
wsunssedulonalul3una 0 1 2.5 wag 5 phr a1n
ANEEAIENEBITANTIANLUUADINTIA MF1YEY 50
W1 wud dugiuingivediassaragadinuidnuue
TrssadraduwadiUn (Open Cell) lnelassadawadues
919llu53501A uazTanmounedne slnusTTNvIAT

ESuLSImEEUlena TN UL YRINTITAALANLAZLANY
fasenineaa [12] WeawindSunavesdulomaiiulu
unUBad vuivunanas Wasanduleniadnuing

AMSUENEAIVB AR

Figure 2 SEM micrographs 200 x (a) untreated (b)
treated 5 % w/v (c) treated 10 % w/v wag (d) treated
20 % w/v of Borassus Fruit Fiber

Figure 3 SEM micrographs 615 x of cross section
Borassus Fruit Fiber (a) untreated (b) treated 5 % w/v

(c) treated 10 % w/v wag (d) treated 20 % w/v
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Figure 4 Cell Structure of Natural Rubber Foam and
Natural Rubber Foam Composites (a) 0 phr (b) 1 phr
(c) 2.5 phr waz (d) 5 phr

Figure 5 SEM Micrographs 50 x of Natural Rubber
Foam and Natural Rubber Foam Composites (a) O phr
(b) 1 phr (c) 2.5 phr and (d) 5 phr

3.3 AUNUILUUVRITAAABNND AN LY
sysuvATiasuusededulona

Figure 6 N15ANEIAINMUILUUYDIBISINY
5950977 uazTaneennodne slnlusssuvIATLATILS
sredulemalutiunn 0 1 2.5 war 5 phr wudn e
Usinameadulomaifistu dwaliinumuiwiuesiag
poumedneslrlusssuriinty Wossnnsdiudule
il Tanensyl
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Figure 6 Density of Natural Rubber Foam and Natural
Rubber Foam Composites
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Figure 7 n1sgusiLilesainusadavesnalyi
595UY1A wag Tanaoumednsslnluss sy AfiaTunse
frotdulenta wuin letindiunandulenia
ldrnsgusanas iesanniinnisunaesiiliings
\Aaneasniu TudiuTannounadne1dlnusssuyIf
Hasuusesdeduloma 1 phr fesasmsgusilauiuiy
Wosan maiinvinandule 1 phr §edivSunatesnis
we3uusedslaiine 2 phr Ar¥esaznsguiiidtesiian
wansTanTumuiianuaansadudiildn Foduresilad
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Figure 7 Compression set percent of Natural Rubber

Foam and Natural Rubber Foam Composites
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Table 4 Hardness of Natural Rubber Foam and

Natural Rubber Foam Composites

Borassus Fruit Hardness
Fiber Contents (shore A)
(phr)
0 11.72 £ 3.13
1 16.75 + 1.12
25 2158 + 1.74
5 30.33 + 2.58

4. @5UNan1snaasy
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