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This research was divided into 2 sections. The first section was aimed to determine
the optimized conditions and effect of coupling agent on synthetic rattan made from polymer
blend of HDPE and EPDM rubber. Composites were prepared by mixing wood flour of 1, 2 and
3phr treated with vinyltriethoxysilane (VTES) of 2.5 and 3 wt% (based on wood flour) with
optimized HDPE/EPDM blend to determine the optimum formula. It is found that the optimized
wood content was 2 phr with silane treatment of 2.5 wt% (respect to the fiber weight) giving
desired mechanical properties and showing color closed to natural rattan. After mixing the
optimized formula with Azodicarbonamide of 0.5-2.0 phr, the results show that adding
Azodicarbonamide could reduce composite weight up to 16 % compared to non-added ones.

The second section was aimed to determine the optimized conditions and effect of
coupling agent on synthetic rattan made from polymer blend of PLA and PBAT. Composites
were prepared by mixing wood flour of 3, 5 and 7phr treated with 3-Aminopropyltriethoxy silane
of 4 and 6 wt% (based on wood flour) with PLA/PBAT blends to determine the optimum
formula. It is found that the optimized wood content was 5 phr with silane treatment of 6 wt%
(respect to the fiber weight) giving desired mechanical properties and showing color closed to
natural rattan. After mixing the optimized formula with Azodicarbonamide of 0.5-2.0 phr, the
results show that adding Azodicarbonamide could reduce composite weight up to 40 % compared

to non-added ones.
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auuU(flax) Thuai (ramie) 4a2UATUI5 108! (sisal) Fludu ﬁmﬂﬂizﬂauwaﬂag 3 ¥iAnD
1yag Jad aiiisag laa tazaniiy
2.4.1.1 vyaglad [10]

< s o 3 . .
wag laciuesnlsznounanuesld Taoliniied (repeating  unit) Ao

] %’ % . 4 Al [ - . g
TUIPUBIUINA 2 9172 (D-glucopyranose units) WOUABNUAIINUTE B-(1,4)-glucosidic bonds



14
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Y
unuugy Taelinuse leTasnuninielunazsevieenols ana v ldanumumiu

1 3 =< K
vosay e Tuanage ANuupanIwn Yszana 65%

H OH H OH Yy OH
H o H o H o
HO o o
HO HO HO OH
H oH H oH H oH
H H H H H H
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OR
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NN 5 UAAINST Hydrolysis Eum”lcmaumuama%UO]

v Y

2) Condensation : lAgiTUIINTUABULSN leaiueanats 9 luanaszsilgnsen

1 . @ o I ¥ [} ~ 49! I a .
AFVLUUU (condensation) NULDY 1/1ﬂw"lﬂmaiclfimafgmnﬂnmmﬂuwaa"lcmmaa (polysilanol)

Y o aaa o Y a 2 1 @ .
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¥ Y X A d Vo .
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O
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IFARITVHIYNUFUAUDN Foaming agent ‘1’1151)' Tﬂsﬂﬂiaﬁiwwmwaaummﬂu INTNUA

autiauazmslgauved Tvunld
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100 microns

(a) (b)
4 o )
7 8 Tasaadravea iy wyusasila (a) uazivadie (b)
2.6.1 Foaming agents [11-12]
Foaming agents Aoa3 1% lums linaradniilaseasrauuy oy Tag Foaming
2’, I 9 3’, 94 A ~AA a o a 4 1
agents L!“Llﬁ'"ll]"liﬂ!ﬂJl!llﬂﬂﬂllﬂﬁﬁi@ﬁTiLﬂﬂJﬂﬁ]gLﬂﬂﬂ"liﬁaTﬂ@]ﬂiuW@am@ﬁﬁa@Mlﬂa'Ji%T‘i'J'N
a W Aa X . 9 (Y <3 &
NITUIUNITHAA I@]ﬂllﬂf’f‘ﬂlﬂﬂmuiﬂﬂ Foaming agents ‘mﬁam‘umzﬂizmﬂmuazgﬂuma
= v [ a 4 9 @ a A [
LﬂEJ'JﬂLlﬂllWi’)aLll’t’)i‘VTaf’J3JWiﬁﬂﬂTﬂiﬁﬂUTNﬂuﬂluﬂigUﬂuﬂTiWa@ LUBAITUAUUD
a (2 a o o Y a I 9 A 5'45! a
NITUIUNTNAAAAAILNTILLINANITUYIYAD mclmﬂmﬂuiﬂﬂﬁi1awgﬂulmaamu1uwa1ﬁﬁﬂ
a ] . Y I A . .
aulnarsansouys Foaming agents laeenilu 2 wuvde Physical foaming agents i
Chemical foaming agents

2.6.1.1 Physical foaming agents (PFAs)
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Physical foaming agents ADYBUNAINTIAROAMTIIZNTZ 1808 lUTTaNod
s A o a v d { 4
woedieyh ldinaTasead 1w Irly PRAs iniluveamanntinmgnuaziide IdnSsuneiile

I (94 [ A a ] I 2 A AAa a == | A a o
nmeilunneaz lumdemswannumnitluvewidsnoniioninanedrsoauinvesnedanos
P Sy a4 A 3 o 0o qYyY qU ¢ a - ¢
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18 23500

3NN 1 uaaauiiaves PFAs nilonlgnunalal [12]

Physical foaming agent Molecular weight Density at 25 Ke Boiling point
(g mol’) (g em”) ('C)
Butanes 58.00 0.579 -0.5
Pentanes 72.15 0.613 30-38
Hexanes 86.17 0.658 65-70
Isohexanes 86.17 0.655 55-62
Heptanes 100.20 0.680 96-100
Benzenes 78.11 0.874 80-82
Toluene 92.13 0.862 110-112
Methyl chloride 50.49 0.952 -23.8
Methylene chloride 84.94 1.325 40.0
Trichloroethylene 134.40 1.466 87.2
Dichloroethane 98.97 1.245 83.5
Trichlorofluoromethane 137.38 1.476 23.8

(CCLF)-Freon 11
Dichlorodifluoromethane 120.93 1.311 -29.8

(CCLF,)-Freon 12
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Trifluorochloromethane 104.47 0.850 -81.4

(CCIF,)-Freon 13
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2.6.2 Chemical foaming agents (CFAs) [11]
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Material PP (%) EPDM (%) Aramid fibre (%)
1 100 0 —
2 90 10 -
3 75 25 —
4 50 50 —
5 25 75 —
6 0 100 -
7 100 0 10
8 75 25 10
9 50 50 10
10 25 75 10
11 0 100 10
2 100 0 20
13 75 25 20
14 50 50 20
15 25 75 20
16 0 100 20

@ 4 { a <
HErIaRAgATMINaN11IAT09 Internal mixer NQUUYL 190 DIAUFATYA AT

QU

Y
=1

< Ay g £ ) A . A
59UNZ 50 rpm (JurIan 23 WM uavuFIuFUNUNATOUAILATOI compression mould N
QKN 200 orUFAFE FIHa 1@91NN13398 WU A1 Tensile modulus, Tensile strength at

break 4t8¢ Elongation at break auaad B luansein s

A5 190 5 LEAAINANITNATD Tensile test

Material PP/EPDM/aramid Modulus (MPa) Tensile strength at break (MPa) Elongation at break (%)
100/00/00 8762 17.70 1347
75/25/00 561.2 14.28 160.2
50/50/00 184.2 9.97 297.3
25/75/00 56.7 511 499.9
00/100/00 85 879 1017.1
100/00/10 17402 23726 179
75/25/10 8822 16.70 1342
50/50/10 282.8 9.43 112.3
25/75/10 139.3 3.95 128.7
00/100/10 156 317 2713
100/00/20 35156 2646 11.0
75/25/20 1141.0 13.40 15.5
50/50/20 341.0 8.67 20.7
25/75/20 146.6 872 411
00/100/20 315 6 .86 715

1A A Y g 1 Y A 3 1
Fi]'lﬂWﬁﬂ'li1/]ﬂfff@'UW'U')'lﬂQ!WNﬂ%MWﬂ!LﬁuclﬂiﬂﬂeUuﬂgﬁﬂWﬁch/iﬂ'l modulus LWNQ’Q%U!M

A~ a 1 1 A 1 v & o =
WDUNTINYWEPDM aﬂﬂwmw A1 modulus WAIAAAI ﬂ\iu'Llﬂ"li‘]Ji‘]J‘]JE\iﬂ'ﬂﬂJmuEJ’JGU’EN

o = 9

a D) o A oA Vo VY q ¥
ﬁﬂﬂ@NW@ﬁﬁﬂZIWﬂ%N1ﬂ!ﬂWQEPDM NADUDYININHIDININD 25% LL?‘]Q']GI)GBﬂ%N']mU'NgNLlﬁ



32

2 <3| o a a J 1 . A
25% aulaeiumes lunaadandaralames Taoa1 Tensile strength at break 2if1aAad
A A A a an [ "9y o v A a 9
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N 1 Y . A dﬂl 1 a Y a ' Y
iwmaﬂﬂﬁ]zmwa‘lwm Tensile strength at break INFIVU meimmauiﬂazﬁmmNaiw
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AW stiffness WNIINUY TUAIUVDIM Elongation at break wANNVVUNWNYT VD9
=) Y d’ =1 a 9 [ gl.z 4 1 a a
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U
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- MIAY vinyltriethoxysilane vzaanal¥ motor load 11aY melt pressure 1 extruder A1

Y ]
Q’QﬁmﬁﬂﬁmﬂmilﬂﬂﬂuﬂiﬂiEJ”I'iz‘H’JN grafted silane groups daraly melt viscosity 1
A X L gl A . . . A o 99 ~ 2
AU FamBunNlTaves vinyltriethoxysilane 209N melt pressure ¥ATFIV Tao
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NNNTL TUTANNHUSUDY extruded NN vinyltriethoxysilane TufSumeang g Taeh 2 wi%
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AN 11 1AANaNEUZUDY extrudate NIAY vinyltriethoxysilane TUUTHI1UA 9

Sonia M.B. Nachtigall wazamz [20] lafniensdszaudmsuidgneunodandy
sendnaned Insiaudunelsl Taslsd vinyltriethoxysilane  (VTES) i@z MA-g-PP 1317
Uszau uaz 1y dicumyl peroxide (DCP) iiudizulgasen viimsnaulao1y Internal mixer i

a < 1w x { ao 1
gaungil 170 osrwaiFod ANITITOUANGNINY 50 rpm Fewah 1d91nn15398 WU

[ a d'd a 1 Yy A A t:'d J d' = [
- ’Jﬁﬂﬂﬂi]Wf]ﬁ'ﬂ“Vlllﬂﬁmll’dﬁ‘ﬂi%ﬁ'lu%gﬁﬂWﬁiﬂﬂJﬁ‘N‘Um‘Nﬂﬁ“ﬂﬂﬂ?ﬂliJ’E']LlﬁfJ‘UL“VIfJ‘Uﬂ‘U

[

a d' = Q)
ﬁﬁ]ﬂ?JJJW@ﬁ@ﬂuluuﬂﬁmllﬁﬁﬂigfﬂu

a § I a { { 4
-Sumves  vinyltriethoxysilane 1 2.5 wit% iHuiSuuimunzaunganaziie
neuieunsldasszaunud vinyltriethoxysilane 1A 1euIAFINANgINIT MA-g-PP

aaaaalumnn 12
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35 V7772 without coupling agent
1 [ 1 with PP-MA
307 [ ] with PP-VTES

f%% @

Tensile strength, MPa
o
L

0 1.0 25 50 75 10.0
Coupling agent, wt%

MNWA 12 1udA3IA1 Tensile strength YoITagADNNDAANTINUAITYTZA LA 9

¥ '
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-Tagaeunedaniinisauaisdszaiuszdinaliininisgaguiiindiniie

U

a v o A Ay 1a a L g 1 A
L‘]_EEJ‘ULTIfl‘]Jﬂ‘U’Jﬁﬁ]ﬂ’f)llWﬂﬁ@ﬂ]lNNﬂTimu?ﬂiﬂﬁgfﬂu “]N“]fclﬂlﬁ‘Ll'JTfTTi‘]Jﬁ%ﬁTuﬁﬁJ"ﬁﬂlWﬂJ
Y o 9 1 a d o 9 o W ] A Aa 9 1
ﬂ')'liJL"ll'lﬂull@iZﬁ'J'Nliﬂﬂ‘iﬂ‘ﬂfﬂ'ﬂ!ﬁuclfliﬂﬂﬂ'liﬂ'l%ﬂﬂll"ulaﬂ‘i@ﬂ%aﬂWﬂm@ilﬁuﬁlﬂiﬂﬂﬁy‘

Jd @ o a Y 1 [ ’é 1
ﬁ\iﬂﬂfuﬂl'ﬁ]ﬂﬁTilli3ﬁTL!"l]gUhJEllﬂ"U'JWQﬂ1§LﬂﬂWHﬁ$§$WQTQL“BaQIaffﬂTJLH UagnuyI

9
o

. . . Y J [ { o 1 [ {
vinyltriethoxysilane 9 1HHAY0IAIMIYATUINAINT MA-g-PP Aduaadluninm 13

|:| 1 hour

|:| 2 hours
6 - 18 hours
- 24 hours

il

Without With 5% With 10% With 5% With 10%
coupling PPMA PPMA PPVTES PPVTES
agent

Water absorption, wt%
F-.
1

4 1 o %l (3 a ' a a @ Y
ﬂTWﬁ 13 Llﬁ@\1?nﬂ'li@@1‘;]5‘]J°L!'IGUﬂﬂ?ﬁﬂﬂ@ﬂW@ﬁﬁigﬁ’JNWﬂﬁIWTW?I‘L!ﬂ“lJNQ]llI
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v
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- minmsAnpanyae Inssadndugiu wun Jaqaeunedan lulimsiduaisdszau

UFVILUAL void TIUIUNINUAZUFDIINIINNIINA fiber pullout AINIUN 14 (a) UATA

v ]
a

a A a . . . 1A A a < X a v oA .
ADUNDTANUNITIAY vinyltriethoxysilane WuNURINGsuLaziaNwite@eIn U U void

< a1 1 v 1 [ A
VYUIANUAZNYDIIA 2-3 FOI AININN 14 (b)

(a) (b)
AN 14 1dAININ SEM Uo3Tdanounednszriaaned Inswaunums 1
(a) MiimIdanensyszan, (b) 1 vinyltriethoxysilane

YR 2 a g =) Y a
P. Dacko tagame [21] ulﬂﬁﬂisl1@’11TJG]EU’ENW’E)aLiJi’JiEJ@SJE‘TGWEJ‘VIN“lf?]ﬂ"l‘l/‘lﬂi%ﬂ’f]ﬂﬂ?]ﬂ?‘lﬁlﬂ

say ¥ a Ay v 15 ' a saq YA &
!E)ﬁm’f)ﬁ‘ﬂllﬂiﬂﬂ‘ﬁi33J“1ﬂmlﬁz°ﬂ1ﬂ%1ﬂﬂﬁﬁ\‘1Lﬂ‘i1$ﬁ IﬂﬂWﬂﬁLN@iﬂi“ﬁﬂﬂPLA 1ag PBAT %3

A 9 a o 1
Nﬁ“l/lulﬂfl]"lﬂﬂ"li’mﬂ WUIN

- AUAFIN AV IND AR IUAUATEHIWNPLA N1 PBAT azdmanadiomiui/Sunaueg

] Y H
PBAT u@filelongation at break 92 UANANIIAUY Adtaadlua15199 6

A9 6 LAAITUTAITINAVOINOAINDS UAUATZH I PLA /1 PBAT
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Composition (¢ € E
(weight ratio) [Mpa] [%6] [Mpa]
PLA 20.0 14.0 1941.0
PBAT 30.3 1650.0 100.0

PLA/PBAT ; 70/30 46.0 830.0 1052.0

PLA/PBAT ; 50/50 37.0 880.5 663.0

PLA/PBAT ; 30/70 22.0 957.0 313.0

A o a

Y= [ a 9 1
Tao Yu Hagaue [22] llﬂﬁﬂ‘]sﬂWaﬂlﬂﬂﬂTﬁﬂ‘iUﬂ?\‘lN'ﬂl@\‘llﬁuiﬂﬂ@ﬁhﬂﬂ?ﬁiﬂﬂﬂﬂ?‘lﬂﬁ
' a a a o Y IS Y . . - s
senIanoatananuesanuidulesil Taold 3-Aminopropyltriethoxy silane wWumsilseau

a

4 i1 v
ANuudu 6wi% wazldidules 30 wiz Iug1UR01A5049 two roll mill NMNYI 140 03N

QU

= I A =R A ¥ Ao 1
raied 1unan 5UIMN ‘ﬂfﬂﬂﬁﬂllﬂi]']ﬂﬂ"lﬁfmﬂ NUN

=W

P 1
- AIMINUADITIAIUDIPLADI gNBazlinAIn 1 idanounednse nIINoaLanANLDETA
v 9 2 a g a 1 Yo a =~ . A X
nutdulesl Tasmsaudulosozaanaliiagaounodalinnu stiffness INNUINUY LAz
[y a 9 tﬂ' o v 1 @ 1 1 = 9
msdFulyeruduledor linaunuPLAnU e wnsalsulsemmsnuaousaas1a

] 9 1
iiesnntimanie Teuanuaunnming lgidule1dainniu duaasluaiie 7

v g
A5 7 LEaNauiaFanaves PLA UIFNTLUAZPLA ADUND TN

Sample Tensile strength (MPa) | Elongation at break (%)
Neat PLA 452+ 1.5 1.24+0.2
Untreated PLA/ramie composite 52.5+0.8 32+0.2
PLA/ramie composite treated by 593+1.2 4.1+0.2
3-Aminopropyltriethoxysilane
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o a 1 % a g 1 1
- mslSulgsRnduledidewaldaunsadamedumwming laauu Tveeinaay fiber

pullout aAAY AININN 15

(a) (b)

AR 15 UeAINWSEMYUDITagnounedaPLANaNNY (adulon limumsdsuanini

odulesmneumsdsuanimiage lasau

o [ a 4 a
Laurent M. Matuana tagaaiz [23] lavmsanuidagiuineveusaaues Ivuneduan
a a Y . . 9 Y v A 9
anuadalagly Chemical foaming agent HUVGAANNIOU AILNTZUIUMIOATA  Iagly
a ] o (Y Aa A < {
gl 180, 180, 170 BeAUFATYA YUIAFURIUTUENAYBIABIIND 2 Hadwas Fawadn

14910713398 WuN

{ 2’, J o 4 y
- 11/5312U99 Chemical foaming agent Adid 0.125-0.25 % 2z 1¥s1uueras lWunos
o s A X A4 A . . g
LAZIUINVOUFD AL NVULIIBINNLTUUVDY Chemical foaming agent LA 0.5-1.0% LAz
L4 [ [ o 4 [ % 4 A
Tassaveasasss launsasneammueasas 13 ldyadiuseuaonuiamuylTuna

Chemical foaming agent AR 1.5-2.0% AININN 16
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{ [ [ a o a a a { <3
NINAN 16 u,ﬁmaﬂ‘ymxﬁmgmmmmmwaaiﬂnwaaLmﬂﬁmuamﬂﬁmmwaiwﬁﬂg 40 rpm

[

1/5119 Chemical foaming agent A1l (a) 0.125% (b) 0.25% (c) 0.5% (d) 1.0%

(e) 1.5% (f) 2.0%

R. Gosselin tazang [24] Tadnymavesdsunavoudulslsl Birch Ndinanonaini
] [ o l [ a
Uiy Iagsmvesiag yuiavessad Iy uazA1 Void fraction (%) voeidq Iuaouneda
. dy k) = = o a o [
Birch wood-HDPE/PP (85:15) uazdu3iaiemsia #991nwan13miin1sise wum

4 Y Y . A 3 o Y '
- lﬁﬂﬂ%lﬂm"ﬂ'ﬂ\uﬁuﬁlﬂqu Birch L“Willnﬂﬁui]m 0 5\1 40 wt% %31’”11"?”?]’311]“”“!””

S 1 Q'

. 2
Taosmveeiagliniugaiun 0.772 giem’ 111 0.983 gem’

a

7 = A g 2 9 A . .
-‘UuWﬂﬂl@ﬂL“ﬁﬁaIWN5031]611111@1’1Laﬂaﬂlﬁﬂuﬁ]ﬂmﬂlﬁuWﬂ!m@ﬂ Chemical foaming agent

y i - . ) .
(CFA) HUS1aunnuuilednn CFA anamsgaledidinzimaoa1snilu Residue #4992

o Y A g . a o 4 = A ,3 o Y
Mniniu Nucleating  agent  Jumsinaaa LWy ielTuaves CFA  iinyuazsiIni
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3 o a 3 o ] . .
Nucleating agent ¥t 1¥iAa Truvadansausnnuazduilunal Skin thickness V04

'
o ! o

= a 9
TANAIAANIAIDNAIY

o

- dnazaeuas InazanudunusnudSnaveudule'lsy Birch TaoiiolSunavod

Y Y
Y A =

A 2 o {1 {3 o { A 4 { A
idule ¥ Birch iugevnazihldiundiuiiuead Iduinunfasas idieson ldmauasly
o 1 24 o
vz lvaunemsunsvoundazMsvesyIavosas Iy
] Y
- ierSinaveudule sy Birch Tunduazsilda Void fraction (%) veeidg Tiunow
a A <3
WOANUAIAAAIN 13.6 % 111U 5.5 %
. S o . = 1 a =
- Cooling rate tazna lumsguaveg polymer matrix NS INUMSINANANUDY

[

a 4 9 a I = A X o 9 a ' aw Ao
weawes uazmmeawesvdSmaranmuvunzilvmanalluanas ualuauiteiiiing
Y o ] A v 2 Aa X2 2 Ay o q ¥
voaANudnu laves HDPE waz PP yfendes USuamaninavudedites ildvua
'49! %
V09 cell size THIUNY cooling rate
Y 1] '

- Skin thickness ¥o93aq Ilunounednazlimgavudomulsinam lifnazlu

= v o A A a 1a 4 A .
YULABINUILLAIaAaIUDINNgUNVB N NUHIazINT A blowing agent

- WPC Riim31A1 MAPP 1i@@df1 skin thickness NNANMLlsUsudeeninsai laill

a : - I @ v A 1 1 . . o &
maay FalunsaitilFunavens lfidluilsderannadananon skin thickness Ad11UIWAA

< 1 1 @
Tiiun MAPP 1elumsnszatedivens i1y polymer matrix
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QWU’J%ﬂuhlﬁlﬁﬂ‘H1141’(3{5]1’3%‘1?]“’?%13ﬁiJ ﬂﬂﬁWﬁﬂJ@ﬁﬁWiﬂﬁ%ﬁ?l&ﬂﬂ’)U aganina
1 A A Y ~ A o a Jd o 4 a = ~ 1
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ﬁ"]llTi0EJ’E)ﬂﬁa']ﬂllﬂisnll‘ﬁ'iiN%Wﬂllﬁ%W@ﬁlﬂJ@iﬂﬁ'ﬂJ'ﬁﬂﬂ@Elﬁa'lﬂulﬂﬂﬁ‘ﬁﬁiilslﬂﬁ Taoauia
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A9 VoUAUN NN UTznoudlsdnyue InTIai 19dug 1IN (Morphology) T11id
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do 'l uunii

U

3.1 ﬂqav (Materials)
3.1.1 WOAPNTAUANNHUIMUUEA (High density Polyethylene) [1]
a ag 1 I o a a o Y I a o
weaensaunNuHuiugaumes luwaradnweawesnaz lanidlumminglu
o Y = A o a d v 4 a =y ~ 1 ] 9
MIrudurNeieunsinneamesdunszinl las@eui luausadesaais lany

[
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5ITNYIA TAgnoaonTauaunuIiugezligas Ingeds 19l
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MR 17 uaaegas 1n39a3 198 InoaonTauA IR IMLNEA
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Waam%ﬁaummwumuuqwﬁlﬂuﬂmaﬁ]aumauWmﬂumﬂﬂ“umuwﬂﬂEJ 109

. . ad Y A ™ A1 v oA

(U1 1¥U) (SCG Chemical Co., Ltd,. Thailand) U¥ONINNITAIAD EL-Lene H5480S UANAYU
[ [ 1 = A 9)%} Y]

Mslva (Melt Flow Index) (M1 0.8 nSude 10 u1f enaaen lagldiiminna 2.16

nlansy Nyl 190 o3rmraITad MUNIATFIY ASTM D-1238
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3.1.2 wodauananeda (Poly(lactic acid))[5]
a Aa a I 4 a a sAq Y I a 4 o Y
woauananuezallumes luwaradnweamesnledummnng lumsnuaunneg

[

= A o a o ] Y a = 9 =) dy
L‘V]fl?JVWI”ImﬂWE’JﬂLiJ@’iTIﬁ”IﬂJTiﬂfJf’JEJE‘Ta181@]1/]10155511%1@1@8%@@5IﬂiﬂﬁiN‘V]NLﬂN JU
CH,4 CH,

N M‘\ A° S N

3 C
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Illmn
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fin

0] C

A 18 uaasInseas umaniives Tuana poly(lactic acid) [5]

[ @

woanandnuodanl#luanuIsiiageuanuim 93aa 910 (FRESH  BAG
COMPANY LIMITED.) 3en1an15afie Ingeo™ 2002D wWanlag Nature Works LLC Tif1
f¥iimsIna (Melt Flow Index) 10 6 n$ude 10 wadt ilenaaeulasliinminn 2.16
Alan3u figuwgil 190 ppuBATEA AWIATTIL ASTM D-1238
3.13 eaensau Insihaw ladu weuewes (Ethylene-Propylene Diene Monomer;
EPDM)[7]

an an = S q Y A '
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9109 (W¥1%U) (Innovation Holding Co., Ltd. Thailand.) N¥ONINNITAIAD NORDEL ~ 1P
3720P #an a8 Dow Chemical 3AiMMooney Viscosity (ML 1+4 Ngaivigi 125 o3 1saita)

1 % = =) ad Aad = 1 [
MY 20 MU @uNIA5318 ASTM  D-1646  HfSunmuvewtensaw/ Inswaw/ladu miny

Y
69/30.5/0.5 % Iag1iniin auaiay
3.1.4 WoaUINTU BzAMN 5NN UTA (poly(butylene adipate terepthalate)) ; PBAT[6]
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AN 19 e lasaad1an1anlued PBAT[6]
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woatiu  ezamn sHnusanlsluauitetisonrnus
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N 94aa 9109
(FRESH BAG COMPANY LIMITED.) 3%0119A15MA® Ecoflex' F BX 7011 Wa@lag BASF
Corporation HA1a¥HNT 111a (Melt Flow Index) 11171 4.9 ASuAe 10 W15 enaaeuTasly

a
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UNINAA 2.16 N 1an3y NYUNHI 190 DIFUTAITIT AWWIATFIU 1SO 1133
Y
3.1.5 W'l (wood flour)
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VTN Mettler-Toledo Ltd. Uszine Ing
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NN 20 1AT84 Universal Testing Machine
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NN 21 Scanning Electron Microscope Y99UIEN JEOL technics LTD
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7N 22 1AT4 Thermopravimetric analyzer (TGA) U8413HN Mettler-Toledo Ltd.

3.3.2.2 MSIATINAIDE
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Name code HDPE EPDM
(Wt%) (Wt%)
HD100 100 -
HD90 90 10
HDS80 80 20
HD70 70 30
HD60 60 40

AN 23 1NT990ATANVVINAYINUBUF (Twin screw-extruder)

33223 AU extrudate N4 1UNATOUANUAIUNIUABLTIAI(Tensile
test) MUUIATIIUASTM D-2256 I1WOH1IA1 Modulus, Tensile strength L@ Strain at yield (%)

] H 2
Lﬁ@tﬁ@ﬂ@@]i"lﬂ’.luﬁllﬂﬂﬂ”NEPDM ﬁﬁ’ill”lgﬂllIﬂﬂﬂxi%ﬂllﬂﬂ%‘lNWMLLagﬁﬂ”I’J‘éﬁﬂ"li‘i/lﬂﬁ’f]‘u
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33224 msdSvaninionelfaudie Vinyltriethoxysilane (VTES)

Y Y = o 3 o Y, A Y J
AMUTNTU2.5 1oz 3.0 wie(iiounniminuoana 1N 18-19] iNoHaNAUVOIHANTZHININD
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Fourier Transform Infrared Spectrometer (FTIR) aauaaaluninn 24

AN 24 1A504 Fourier Transform Infrared Spectrometer) FTIR)

3.3.2.2.5 Wauia HDPE U819 EPDM 118831821 90/10 wit% @281A304

. Y < a A % 9
Twin-screw extruder (Iagl¥nnuFalumsnyuvesanjuazguvgimeinulude 3.3.2.2.2)

o Y 3 <] ° A a = I o g .
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2 v Y 9 = A o a Jd o td a = A 1 '
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Name code HDPE EPDM Untreated 2.5 % silane 3.0 % silane
wood (phr) treated wood
(Wt%) (Wt%) treated wood
(phr) (o)

Wisilane0 90 10 1 - -
W2silane( 90 10 2 - -
W3ilane0 90 10 3 - -
Wisilane2.5 90 10 - 1 -
W2silane2.5 90 10 - 2 -
W3silane2.5 90 10 - 3 -
Wisilane3.0 90 10 - - 1
W2silane3.0 90 10 - - 2
W3silane3.0 90 10 - - 3
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3.3.2.2.6 Muduvneeun 1d ldatlurunumionagounavo1a15iadl
TupsaSeuntnassauiiamina Tagisuamindurnemey 1aalduA10e17 20 cm 1E)
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333.1.2 mmsdSvammiiveans e 3-Aminopropyltriethoxy silane
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Code PLA PBAT Untreated 4.0 % silane | 6.0 % silane
wood (phr) | treated wood | treated wood
(Wt%) (Wt%)
(phr) (phr)
PLA70 70 30 - - -
PLA70W3 70 30 3 - -
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PLA70WS5 70 30 5 - -

PLA70W7 70 30 7 - -
PLA70W3_4 70 30 - 3 -
PLAT70WS5_4 70 30 - 5 -
PLA70W7_4 70 30 - 7 -
PLA70W3 6 70 30 - - 3
PLA70WS5_6 70 30 - - 5
PLA70W7_6 70 30 - - 7
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AMNA 28 UAAININW SEM micrographs YDININAAUINVDINO AT HANAI]
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91NAN SEM WUNMIHENTLHI19919 EPDM 11 HDPE 428193949 Twin
a [ o Y ] v g
screw extruder INANIUEANE L6819 EPDM  a1u150nszaead’lda linwumssiunuiiy
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(e) ®

AR 29 LAAINN SEM micrographs YIMNAAUINVOUFUH NesiounTmsHaun lifau
UM USuan AR Vinyltriethoxy silane N1/51avoana'lsl 1(a,b),2 (c,d) uay

[

3 phr (e,f) NNAIVENY 350 111(F8) tag 1,000 1911 (V)

tBpm 146154
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(k) M

AT 30 LEAINN SEM micrographs YIMNAAUINVOUTUH NesiouRTnsHaune lifau
FUMIUS VAN INAIAY Vinyltriethoxy silane ANMANTU 2.5wt% NUTaaveane sl 1(gh),

2 (i) waz 3 phr (k,1) NMEavens 350 1(H18) az 1,000 1111 (V1)
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AR 31 UAAINN SEM micrographs YIMNAAUINVOUTUH NesiounTmsHaune lifau
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~ 1 I A o 1 A
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M13197 22 UEAAIBNTNAVEILTUIUENEPDMABAT Young’s modulus YBIEUN MRS

15171910 Foaming agent

Young's modulus (MPa)
Code

Average SD
HD100 641.10 31.67
HD90 537.62 25.91
HDS80 435.58 9.03
HD70 341.80 18.72
HD60 232.45 5.94

M13197 23 1AAIBNENAVIYSU1UYNEPDMADAY Tensile strength VBUFUHNOHREUN

15191910 Foaming agent

Tensile strength (MPa)
Code

Average SD
HD100 16.06 0.43
HD90 15.05 0.68
HDS&0 13.22 0.17
HD70 10.94 0.47
HD60 8.94 0.17

A15199 24 LEAIBNTNAVIUT I UINEPDMADAT  Strain at  yield VOUFUNNBRIUN

15171910 Foaming agent



124

Strain at yield (%)
Code

Average SD
HD100 11.94 0.68
HD90 15.35 0.47
HDS80 16.12 0.49
HD70 18.39 0.40
HD60 19.13 1.25

{ Aa A =Y 9 $ (] [ a Y
Gﬂi'l\?‘ﬁ 25 uama‘wﬁwammﬂimmm"lnauﬁmuuaz"lnmumaﬂ‘mﬁmmﬁmwmma
. . . d’ =Y 1 1 1 9 ~ d‘
Vinyltriethoxy silaneN /31120014 M0A1 Young’s modulus voraUMaNeuNs1An

Foaming agent

Young's modulus (MPa)

Code Average SD

Iphr 2phr 3phr Iphr 2phr 3phr

WsilaneO 513.54 548.29 571.06 28.22 20.94 31.23

Wsilane2.5 548.01 585.93 546.90 29.18 31.54 36.00

Wsilane3.0 577.20 585.85 642.23 10.89 20.41 14.01

A1519% 26 uaasdnswavedSuiawe ldaunriuuas idumsdSuaninaniniidae
Vinyltriethoxy  silaneN1/33194619 ©)@0A1  Tensile strength  VoUFUMN NIRRT 19910

Foaming agent

Tensile strength (MPa)
Code Average SD
Iphr 2phr 3phr Iphr 2phr 3phr
Wsilane0 15.20 15.31 15.69 0.22 0.36 0.12
Wsilane2.5 16.01 16.25 16.27 0.22 0.18 0.41
Wsilane3.0 15.90 16.04 16.62 0.23 0.23 0.20
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A1519% 27 uaasdnswaveddTuiawa ldaunsiuuaz iiumsdSuaninaniniidae

Vinyltriethoxy silaneNU33184A19 90A7 Strain at yield VoudunNeionils1#91n Foaming

agent
Strain at yield (%)
Code Average SD
Iphr 2phr 3phr Iphr 2phr 3phr
Wsilane0 13.89 14.96 14.94 0.34 0.28 0.29
Wsilane2.5 15.29 15.60 16.25 0.30 0.45 0.29
Wsilane3.0 14.94 15.66 15.62 0.31 0.19 0.22

A15199 28 LEANIONTNAVD9UT U1 Foaming agent NUTH121A19 @01 Young’s modulus Y94

idunneiion
Young's modulus (MPa)
Code Average SD
0.5 phr Iphr | 1.5phr | 2phr | 0.5phr | 1phr | 1.5phr | 2 phr
HDsilane2.5 F | 547.45 | 501.98 | 463.82 | 460.38 14.23 17.24 | 12.04 | 19.94
Optimized
585.93 31.54
formula
Natural rattan 1858.07 59.90

M3 29 UAAIDNTNAVDIUTNIU Foaming agent NUTUN2A1E 1A0AT Tensile strength V94

Y =
Yo RN R RTTINTIIIN
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Tensile strength (MPa)

Code Average SD
0.5 phr 1 phr 1.5phr | 2phr | 0.5phr | 1phr | 1.5phr | 2phr
HDsilane2.5 F 14.66 13.07 12.38 11.74 0.16 0.10 0.29 0.15
Optimized
16.25 0.18
formula
Natural rattan 57.11 1.79

A1519% 30 UEAAIONTNAVPIUTUI1 Foaming agent NUTUNUA1E 1A0AT Strain at yield V94

durnoiion
Strain at yield (%)
Code Average SD
0.5 phr 1 phr 1.5phr | 2phr | 0.5phr | 1phr | 1.5phr | 2phr
HDsilane2.5 F 15.72 15.69 16.26 16.04 0.26 0.19 0.15 0.27
Optimized
15.60 0.45
formula
Natural rattan 4.59 0.48

=
f13 19N 31

uaaadnswavealTuaws ldaunrunas lidunsdSuanmaniniadae

Vinyltriethoxy silaneN1/3 1121619 qana1aNuru iy udunNeieoniys1e91n Foaming

agent




Density (g/cm3)
Code Average SD
Iphr 2phr 3phr Iphr 2phr 3phr
WsilaneO 09166 | 09199 | 0.9225 | 0.0489 | 0.0222 | 0.0105
Wsilane2.5 0.9208 | 0.9265 | 0.9291 0.0097 | 0.0178 | 0.0131
Wsilane3.0 0.9231 0.9265 | 0.9296 | 0.0222 | 0.0229 | 0.0249
90/10 0.8808 0.1311
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M13199 32 uaAENINaVeIUT I Foaming agent N3 121619 q@emANIHUUUVDUFY

REIEY
Density (g/cmS)
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
HDsilane2.5 F | 0.9086 | 0.7861 | 0.7867 | 0.7759 | 0.0281 | 0.0125 | 0.0176 | 0.0244
Optimized
0.9265 0.0178
formula
Natural rattan 0.4720 0.0207

d‘ a A =) Y d' ] () [ a 9
13190 33 Llﬁﬂ\ii’)‘ﬂ‘ﬁwaql’ﬂ\‘l‘l]ﬂﬂﬂ!N\‘lllllﬁL!‘VlWTULL’G%%JN"I‘l!ﬂTﬁ‘]Ji‘UﬁﬂTW’dﬂWWN’Jﬂ’JEJ

. . . A = ! T sl o ¥ Y} a =
Vlnyltrlethoxy sﬂane‘ﬂﬂ'i‘mmmﬂ G]GlmeL‘]Jf)’ilﬁb’uﬁﬂ”lﬁﬂﬂ“]muwmLﬁuwﬂﬂmﬂu‘ﬂﬂﬂﬁ%m

Foaming agent
Water absorption (%)
Code Average SD
1phr 2phr 3phr 1phr 2phr 3phr
Wsilane0 0.1116 0.2029 0.2286 0.0611 0.0553 0.0594
Wsilane2.5 |  0.0659 0.1758 0.1960 0.0428 0.0439 0.0495
Wsilane3.0 | 0.0734 0.1525 0.1942 0.0497 0.0559 0.0526
90/10 0.0555 0.0433
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~ Aa A . ~ 1 1 1 I I3 4 o ¥
A13199 34 LEAIONTNAVeIUT N Foaming agent N5 ﬂ@]ﬂﬂ?tﬂﬂil“ﬁﬂﬂﬂWiﬂﬂ“ﬂUU?

Youdur Mooy
Water absorption (%)
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
HDsilane2.5 F | 0.5424 | 0.7965 | 0.8203 | 0.8653 | 0.0824 | 0.0953 | 0.0923 | 0.0498
Optimized
0.1758 0.0439
formula
Natural rattan 155.5160 13.2314

~ a a a 9 A [N @ a 9
M1T19N 35 Llﬁﬂ\i@ﬂ‘ﬁwaﬂlﬂﬁﬂiﬂ"IﬁlNﬂllllﬁu‘ﬂWTLlllaxl’lllN"IL!ﬂ"IT]JiTJﬁﬂTWﬁﬂTWW')ﬂ'JEJ

Vinyltriethoxy

Foaming agent

silaneNUTU1UA1E 9AOAIN1NT I (FL)

Y ~ A
VOUTUHNUNINNY 51910

Lightness (*L)
Code Average SD
Iphr 2phr 3phr Iphr 2phr 3phr
Wsilane0 61.7 54.8 50.3 0.4 0.6 0.3
Wsilane2.5 59.3 55.1 52.7 0.4 0.5 0.5
Wsilane3.0 59.1 55.2 50.1 0.5 0.5 0.3
Natural
71.5 1
rattan

A1519% 36 uaadnswaveslsuam ldaunruuaz dunsdsuanmnaniniidae

Vinyltriethoxy silaneN1/3 11614 @0a1 *a voudunNeiennis1a91n Foaming agent
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*a
Code Average SD
1phr 2phr 3phr Iphr 2phr 3phr
Wsilane0 2.9 7.3 7.8 0.1 0.5 0.2
Wsilane2.5 3.6 7.2 6.8 0.2 0.5 0.4
Wsilane3.0 2.9 7.5 8.3 0.2 0.2 0.2
Natural
6.0 0.5
rattan

A1519% 37 uaaednswaveslsuan ldaunriuuas idunsdsuanmnaniniidae

. . . { ! 1o 9 { .
Vinyltriethoxy silaneN 150121019 @01 *b YoudUnNeNeNN151791n Foaming agent

*b
Code Average SD
1phr 2phr 3phr 1phr 2phr 3phr
WsilaneO 12.2 18.5 19.2 0.4 0.5 0.2
Wsilane2.5 12.4 16.3 16.2 0.4 0.6 0.4
Wsilane3.0 12.1 17.2 18 0.5 0.2 0.2
Natural
21.9 0.9
rattan

A15199 38 LEAIONTNaVeIYI NI Foaming agent NUTUIUAN ADAIANNETNG (FL)VDI

9 =
Uy
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Lightness (*L)

Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
HDsilane2.5 F 56.2 61.3 64.3 65.2 0.2 0.2 0.4 0.4
Optimized
55.1 0.5
formula
71.5 1.0

Natural rattan

{ a Aa . { N R Y
@ni’l\?ﬁ 39 UEAIONTNaVIUTU I Foaming agent ﬁﬂ?mmmﬁ MDA *a ﬂl@ﬁlﬁu?‘iﬁ’lﬂlﬁﬂﬂ

*a
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
HDsilane2.5 F 6.0 6.2 6.0 5.6 0.1 0.1 0.1 0.1
Optimized
7.2 0.5
formula
6.0 0.5

Natural rattan

M13197 40 LAAIDONTNAVDILT WY Foaming agent N/TU12A19 e0A1 *b Yo udUH N

*b
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
HDsilane2.5 F 18.6 20 20 19.3 0.3 0.4 0.3 0.3
Optimized
16.3 0.6
formula
21.9 0.9

Natural rattan
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HAMIIATILHAIENTZUIUMINIEDA (Oneway ANOVA Test) taz1¥11/5unsu spss lu

M31l5ziiiunan Young’s modulus Y0 ud U Neiiounngasnsnau

Oneway
Notes
Output Created 11-AUG-2011 22:19:10
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Young's modulus.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556

Missing Value
Handling

Syntax

Resources

Definition of
Missing

Cases Used

Elapsed Time

User-defined missing values are
treated as missing.

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond
/STATISTICS DESCRIPTIVES
HOMOGENEITY
BROWNFORSYTHE WELCH
IMISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.03




Descriptives

Young's modulus
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Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum Maximum
Lower Upper
Bound Bound
Dry 130 | 545.5879 = 53.94814 | 473156 | 536.2264 | 554.9494 | 426.14 668.80
Water 130 | 526.3281 | 80.53667 | 7.06353 | 512.3528 | 540.3035 | 352.32 746.71
Dishwashing 130 | 551.6675 = 69.40736 | 6.08743 | 539.6234 | 563.7116 | 363.82 640.06
Washing powder | 139 | 5357032 | 72.20872 | 6.33312 | 523.1729 | 548.2334 | 350.63 627.77
Total 520 | 539.8217 | 70.15886 | 3.07667 | 533.7774 | 5458659 | 350.63 746.71
Test of Homogeneity of Variances
Young's modulus
Levene
Statistic df1 df2 Sig.
4.622 3 516 003
ANOVA
Young's modulus
Sum of
Squares df Mean Square F Sig.
Between Groups | 48439 372 3 16146.457 3.324 020
Within Groups 2506216.7
5 516 4857.009
Total 2554656.1
oo 519
Robust Tests of Equality of Means
Young's modulus
Statistic(a) df1 df2 Sig.
Welch 2.982 3| 283.460 032
Brown-Forsythe 3.324 3| 482.400 020

a Asymptotically F distributed.




Post Hoc Tests

Multiple Comparisons

Dependent Variable: Young's modulus
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Mean
Differenc Std.
(I) Conditions | (J) Conditions e (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water 19.2508 | 8.64426 | 117 | -7.7842 46.3038
Dishwashing | 5 0796 | 8.64426 | .896 | -33.1236 | 20.9644
Washing 08848 | 8.64426 663 | -17.1592 | 36.9288
powder
Water Dry -19.2598 | 8.64426 | 117 | -46.3038 7.7842
Dishwashing | 553393 | 8.64426 | .018 | -52.3833 | 1.7046
Washing -9.3750 | 8.64426 699 | -36.4190 | 17.6690
powder
Dishwashing  Dry 6.0796 | 8.64426 | .896 | -20.9644 | 33.1236
Water 25.3393 | 8.64426 | .018 | -1.7046 52.3833
Washing 150643 | 8.64426 | 253 | -11.0797 | 43.0083
powder
Washing Dry -0.8848 | 8.64426 | 663 | -36.9288 | 17.1592
powder
Water 93750 | 8.64426 699 | -17.6690 | 36.4190
Dishwashing | 159643 | 8.64426 | 253 |-43.0083 | 11.0797
Tamhane Dry Water 19.2508 | 8.50184 | 138 | -7.7854 46.3049
Dishwashing | 50796 | 7.71003 | .966 | -30.5840 | 18.4249
Washing 08848 | 7.90545 | .761 | -152460 | 35.0155
powder
Water Dry 19.2508 | 850184 | 138 | -46.3049 | 7.7854
Dishwashing | -25.3393 | 9.32471 | .041 | -54.9634 | 4.2847
Washing -0.3750 | 9.48694 | 905 | -39.5112 | 20.7612
powder
Dishwashing  Dry 6.0796 | 7.71003 | .966 | -18.4249 | 30.5840
Water 253393 | 9.32471 | .041 | -4.2847 54.9634
Washing 150643 | 8.78437 | 354 |-11.9371 | 43.8657
powder
Washing Dry -0.8848 | 7.90545 761 | -350155 | 15.2460
powder
Water 9.3750 9.48694 | .905 | -20.7612 39.5112
Dishwashing | 150643 | 878437 | 354 |-43.8657 | 11.9371
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Homogeneous Subsets

Young's modulus

Subset for
alpha =
.01
Conditions N 1
Tukey HSD(a) ~ Water 130 | 526.3281
Washing 130 | 535.7032
powder
Dry 130 | 545.5879
Dishwashing 130 | 551.6675
Sig. .018

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.

HANTIATIZHAIENTZUIUMMINNADA (Oneway ANOVA Test) ttaz 19 1151n5 SPSS

m315ziiuran Ultimate tensile strength Y aduvMefiounngasniswa

Oneway
Notes
Output Created 11-AUG-2011 22:21:20
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Strength.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556
Missing Value Definition of i .
. . User-defined missing values are
Handling Missing .
treated as missing.




Syntax

Resources

Cases Used

Elapsed Time

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond

ISTATISTICS DESCRIPTIVES
HOMOGENEITY

BROWNFORSYTHE WELCH
IMISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.05

Descriptives

Ultimate tensile strength
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Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum | Maximum
Lower Upper
Bound Bound
130 | 15.0116 1.55765 | .13661 14.7413 15.2819 11.55 16.89
Water 130 | 14.6741 2.68976 | .23591 14.2073 15.1408 9.63 20.70
Dishwashing 130 | 153003 | 214430 | 18807 | 149372 15.6814 10.43 21.00
Washing powder | 139 | 144512 | 207655 .18213 |  14.0908  14.8115 9.41 16.86
520 | 14.8615 2.17320 | .09530 14.6743 15.0488 9.41 21.00
Test of Homogeneity of Variances
Ultimate tensile strength
Levene
Statistic df1 df2 Sig.
10.267 3 516 .000
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ANOVA
Ultimate tensile strength
Sum of
Squares df Mean Square F Sig.
Between Groups 55.455 3 18.485 3.981 .008
Within Groups 2395.683 516 4.643
Total 2451.138 519
Robust Tests of Equality of Means
Ultimate tensile strength
Statistic(a) df1 df2 Sig.
Welch 4.112 3| 281636 007
Brown-Forsythe 3.981 3| 454148 .008
a Asymptotically F distributed.
Post Hoc Tests
Multiple Comparisons
Dependent Variable: Ultimate tensile strength
Mean
Difference Std.
(I) Conditions | (J) Conditions (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water 3375 26726 | .587 | -.4986 1.1737
Dishwashing | _ 5977 26726 | 681 | -1.1338 5384
Washing 5605 26726 | 155 | -2757 1.3966
powder
Water Dry -3375 26726 | 587 | -1.1737 4986
Dishwashing | _ 5359 26726 | .083 |-1.4714 2009
Washing 2229 26726 | .838 | -.6132 1.0591
powder
Dishwashing  Dry 2977 26726 | 681 | -.5384 1.1338
Water 6352 26726 | .083 | -.2009 1.4714
Washing 8582(%) 26726 | .008 | .0220 1.6943
powder
Washing Dry -.5605 26726 | 155 | -1.3966 2757




Tamhane

powder

Dry

Water

Dishwashing

Washing
powder

Water
Dishwashing

Water
Dishwashing

Washing
powder

Dry
Dishwashing
Washing
powder

Dry

Water

Washing
powder
Dry

Water

Dishwashing

-2229
-.8582(*)

.3375
-.2977

.5605

-.3375
-.6352

.2229

2977

.6352
.8582(%)
-.5605

-.2229

-.8582(*)

* The mean difference is significant at the .01 level.

Homogeneous Subsets

Ultimate tensile strength

.26726
.26726

.27261

.23245

.22767

.27261
.30170

.29803

.23245

.30170

.26180

22767

.29803

.26180

.838
.008

.770

741

.084

770
199

974

741

199

.007

.084

974

.007

-1.0591
-1.6943

-.5306

-1.0368

-.1633

-1.2057
-1.5940

-.7243

-.4414

-.3235

.0266

-1.2842

-1.1702

-1.6897

Subset for alpha = .01
Conditions 1 2
Tukey HSD(a) ~ Washing 130 14.4512

powder '

Water 130 14.6741 14.6741
Dry 130 15.0116 15.0116
Dishwashing 130 15.3093
Sig. 155 .083

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.
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.6132
-.0220

1.2057
4414

1.2842

.5306
.3235

1.1702

1.0368

1.5940

1.6897

.1633

.7243

-.0266
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HAMIIATILHAIENTZUIUMINIEDA (Oneway ANOVA Test) taz1¥11/5unsu spss lu

M31/5213UNanT Strain at maximum stress YVOUFUHNOAGUNNGATNTHAN

Oneway
Notes
Output Created 11-AUG-2011 22:22:11
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Strain at ultimate stress.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556

Missing Value
Handling

Syntax

Resources

Definition of
Missing

Cases Used

Elapsed Time

User-defined missing values are
treated as missing.

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond
/STATISTICS DESCRIPTIVES
HOMOGENEITY
BROWNFORSYTHE WELCH
/MISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.03




Descriptives

Strain at ultimate stress
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Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum | Maximum
Lower Upper
Bound Bound
Dry 130 | 15.4531 68336 | .05993 15.3345 15.5717 13.42 16.67
Water 130 | 17.9914 | 1.83339 | .16080 17.6732 18.3095 14.00 25.34
Dishwashing 130 | 17.4219 | 1.04590 | .09173 17.2404 17.6034 15.42 19.25
Washing powder | 135 | 173202 | 1.02755 | .09012 17.1418 17.4985 14.92 19.42
Total 520 | 17.0466 @ 1.54905 | .06793 16.9132 17.1801 13.42 25.34
Test of Homogeneity of Variances
Strain at ultimate stress
Levene
Statistic df1 df2 Sig.
44106 3 516 .000
ANOVA
Strain at ultimate stress
Sum of
Squares df Mean Square F Sig.
Between Groups 474.192 3 158.064 = 105.763 .000
Within Groups 771172 516 1.495
Total 1245.364 519
Robust Tests of Equality of Means
Strain at ultimate stress
Statistic(a) df1 df2 Sig.
Welch 190.411 3| 274.881 .000
Brown-Forsythe 105.763 3| 333.389 .000

a Asymptotically F distributed.




Post Hoc Tests

Dependent Variable: Strain at ultimate stress

Multiple Comparisons
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Mean
Differenc Std.

(I) Conditions | (J) Conditions e (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water -2.5383(*) | .15163 | .000 -3.0127 -2.0639
Dishwashing | 1 9588(*) | 15163 | .000 -2.4432 -1.4945
Washing -1.8671(*) | .15163 | .000 -2.3415 -1.3927

powder
Water Dry 2.5383(*) | .15163 | .000 2.0639 3.0127
Dishwashing 5695(*) | 15163 | .001 0951 1.0439
Washing 6712(") | 15163 .000 1968 1.1456

powder
Dishwashing  Dry 1.9688(*) | .15163 | .000 1.4945 2.4432
Water -5695(*) | .15163 | .001 -1.0439 -.0951
Washing 1018 | .15163 | .908 -.3726 5762

powder
Washing Dry 1.8671(*) | .15163 | .000 1.3927 2.3415

powder

Water -6712(*) | 15163 | .000 -1.1456 -.1968
Dishwashing -1018 | 15163 | .908 -5762 3726
Tamhane Dry Water -2.5383(*) | 17161 | .000 -3.0867 -1.9899
Dishwashing | 1 g6g8(*) | 10958 = .000 -2.3175 -1.6202
Washing -1.8671(*) | 10823 | .000 -2.2114 -1.5228

powder
Water Dry 2.5383(*) | .17161 | .000 1.9899 3.0867
Dishwashing 5695 | .18512 | .014 -.0202 1.1591
Washing 6712(*) | .18433 | .002 0841 1.2584

powder
Dishwashing ~ Dry 1.9688(*) | .10958 | .000 1.6202 2.3175
Water -5695 | 18512 | .014 -1.1591 .0202
Washing 1018 | 12859 | .966 -.3067 5102

powder
Washing Dry 1.8671(*) | .10823 | .000 1.5228 2.2114

powder

Water -6712(*) | 18433 | .002 -1.2584 -.0841
Dishwashing -1018 | 12859 | .966 -5102 3067

* The mean difference is significant at the .01 level.




Homogeneous Subsets

Strain at ultimate stress

Subset for alpha = .01

Conditions N 1 2 3
Tukey HSD(a)  Dry 130 15.4531

Washing 130 17.3202

powder

Dishwashing 130 17.4219

Water 130 17.9914

Sig. 1.000 .908 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.
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A13197 41 naaadnsnavedSuiane ldaundiuuaz ludumsdsuanmaniwiadae 3-

Aminopropyltriethoxy silane N5 g Aof Young’s modulus UBJ iduriNeieui

15171910 Foaming agent

Young's modulus (MPa)

Code Average SD

3phr Sphr 7phr 3phr Sphr 7phr

WsilaneO 1591.86 | 1696.59 | 1643.71 | 59.80 | 69.90 86.51

Wsilane4 1666.28 | 1735.77 | 1746.83 | 89.17 | 95.99 89.81

Wsilane6 1600.65 | 1731.59 | 1648.93 | 65.00 | 96.25 111.80

70/30 1544.76 84.67

Q13197 42 uaasdnswavealsuaws iaunriuuaz ludumsdsuammaniniidie 3-

Aminopropyltriethoxy silane NY5umag G]Gi@?h Ultimate tensile strength voudurNeieui

15171910 Foaming agent

Ultimate tensile strength (MPa)

Code Average SD
3phr Sphr 7phr 3phr Sphr Tphr
Wsilane0 32.21 37.49 36.25 1.17 1.58 0.38
Wsilane4 33.94 37.37 37.26 1.55 1.16 0.69
Wsilane6 33.49 38.65 36.78 0.60 1.30 1.08

70/30 38.74 0.54

A1319% 43 uaasdnswavealsuiaws iaunriuuaz ludumsdsuammaniniiaie 3-

Aminopropyltriethoxy silane NEFTRGTERN: G']&5]"6]?";1 Strain at break VoUFUNMOHENNTIAA

Foaming agent



Strain at break (%)
Code Average SD
3phr Sphr Tphr 3phr Sphr 7phr
WsilaneO 0.23 0.52 0.30 0.23 0.52 0.30
Wsilane4 0.56 0.63 0.31 0.56 0.63 0.31
Wsilane6 0.61 0.80 0.82 0.61 0.80 0.82
70/30 17.59 6.63
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A15199 44 1EAAONTNAVD9UT U1 Foaming agent NUT1121A19 @01 Young’s modulus Y94

durinoion
Young's modulus (MPa)
Code Average SD
0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5phr | 2phr
PLAsilane6 F 1294.18 | 1288.06 | 1108.50 | 1206.44 97.71 90.95 95.58 46.91
Optimized
1731.59 96.25
formula
Natural rattan 1858.07 59.90

A5 N 45 1AAIdNTNAV0ILUTU Foaming agent NUTH181A19 )@0A1 Ultimate tensile stress

9 =
VDAUTUHNUNYY

Ultimate tensile strength (MPa)

Code Average SD
0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr
PLAsilane6 F 25.56 21.22 21.44 19.93 0.86 0.71 0.48 0.76
Optimized
38.65 1.30
formula
Natural rattan 57.11 1.79




145

A15197 46 1EAAIONTNAV09UT N1 Foaming agent NUTUIUAE 1@0A1 Strain at break Y9I

idunneiion
Strain at break (%)
Code Average SD
0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr
PLAsilane6 F 6.82 7.31 6.08 5.10 0.59 0.96 0.56 0.26
Optimized
6.45 0.80
formula
Natural rattan 4.59 0.48

y a A (= Y { 1 [ o a g
GﬂiN‘ﬁ 47 L!ﬁﬂﬂﬂ%‘ﬁWﬁﬂl@ﬂﬂ‘iNWﬂ!W\‘l]’lll’duﬁw1uua$hlllN1Uﬂ15ﬂiﬂﬁﬂ1W’dﬂ1‘WN’m’JU 3-

Aminopropyltriethoxy silane NYFaA1e qaemIANIHUILHHVUF U NAReNNYI1A91n

Foaming agent

Density (g/cmz)
Code Average SD
3phr Sphr Tphr 3phr Sphr Tphr
WsilaneO 1.3795 1.4374 1.5801 0.0632 0.0187 0.0157
Wsilane4 1.4027 1.5724 1.6072 0.0516 0.0353 0.0385
Wsilane6 1.3842 1.5613 1.5903 0.1146 0.0265 0.0112
70/30 1.2399 0.0200

M13197 48 LAAIONTNAVDIYI U8 Foaming agent NUT AL ADAIANIHUIHUUBUTY

=
NNy
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Density (g/cm3)
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
PLsilane6 F 1.0778 | 0.9695 | 0.9370 | 0.8959 | 0.0206 | 0.0165 | 0.0313 | 0.0150
Optimized
1.5613 0.0265
formula
Natural rattan 0.4720 0.0207

{ a a =Y 9 { (BN} 1Y a g
ﬁ’lﬁ’l\?‘ﬁ 49 llaﬂﬁ@ﬂﬁwam@\‘lﬂin'lmthlilﬁuﬁw'lullaghlllw'luﬂ’]iﬂﬁﬂaﬂ’lWﬁﬂ’]WNﬂ@ﬁﬂ 3-

. . . A A [ 1 1 AR~ 4 @ 901 9 ~ ~
Aminopropyltriethoxy silane Wﬂill’lm@’]\‘l ‘]@ﬂﬂ1!ﬂf]iI,G]ﬁnlﬁﬂ’]ﬁﬂﬂ%ﬂu’lﬂlﬂ%auﬁ'ﬂﬂlﬂﬂﬂ1/]

IERGORN Foaming agent
Water absorption (%)
Code Average SD
3phr Sphr Tphr 3phr Sphr Tphr

Wsilane0 0.9016 1.1079 1.2197 0.0272 0.0388 0.0322
Wsilane4 0.8879 1.0520 1.0625 0.0265 0.0151 0.0297
Wsilane6 0.8328 0.9631 1.0636 0.0482 0.0295 0.0439

70/30 0.6585 0.0210

A a A . ~ 1 v 1 - 4 [ g
A13199 50 LEAINTNAVeIUT U N Foaming agent N5 ﬂﬁ@ﬂWlﬂ@ﬁLcﬁu@ﬂWiﬂﬂcﬁUUW

Youdur Mooy
Water absorption (%)
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr

PLsilane6 F 1.6608 | 1.9262 | 2.0328 | 2.4452 | 0.0344 | 0.0520 | 0.0554 | 0.0564

Optimized

0.9631 0.0295
formula

Natural rattan 155.5160 13.2314
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A13197 51 taaadnswavedsuiame laundiuuaz lidunsUSuanman1widgae 3-

Aminopropyltriethoxy silane N1311A19 JAIANNAING (FL) voudurNeiennlsiann

Foaming agent

Lightness (*L)
Code Average SD
3phr Sphr Tphr 3phr Sphr Tphr
Wsilane0 71.3 63.7 59.5 0.3 0.5 0.4
Wsilane4 63.9 62.6 59.4 0.7 0.3 0.3
Wsilane6 64.2 61.7 55.6 0.7 0.7 0.8
Natural
71.5 1.0
rattan

A131997 52 naadnswavesdSuiame llaundiuuaz lidunsUSuanmaniwidae 3-

Aminopropyltriethoxy silane NU3N1UA19 9A0A1 *a VouduUrNeRenNUT1/91n Foaming

agent

*a
Code Average SD
3phr Sphr Tphr 3phr Sphr Tphr
Wsilane0 6.0 8.2 8.7 0.2 0.2 0.3
Wsilane4 7.2 7.3 8.1 0.4 0.4 0.2
Wsilane6 7.3 7.5 8.7 0.3 0.3 0.3
Natural
6.0 0.5
rattan
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A1371997 53 Laaadnswavedsuiame llaundiuuaz lidunsUSuannan1wiIdae 3-

Aminopropyltriethoxy silane NS 1UA19 1@0A1 *b VoUFUNNBRENNTIAIIN Foaming

agent

*b
Code Average SD
3phr Sphr Tphr 3phr Sphr Tphr
WsilaneO 13.1 16.3 16.3 0.2 0.4 0.2
Wsilane4 15.6 17.1 17.8 0.7 0.4 0.4
Wsilane6 16.4 18.0 18.2 0.4 0.3 0.3
Natural
21.9 0.9
rattan

A15199 54 LEAONTNaveIYIuIa Foaming agent NUTUIMUAN A0MAIANNETNG (FL)VDI

idun e
Lightness (*L)
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
PLsilane6_F 62.1 63.3 64.9 60.8 0.5 1.2 0.9 0.6
Optimized
61.7 0.7
formula
Natural rattan 71.5 1.0
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d‘ a A . d‘ 1 1 U 9 =}
A13199 55 LEAENTNaveIlTuu Foaming agent N5 A0 *a VDUTUHINYNYY

*a
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
PLsilane6 F 7.5 7.5 7.3 7.9 0.1 0.4 0.2 0.2
Optimized
7.5 0.3
formula
Natural rattan 6.0 0.5

M15199 56 LLAAIBNINAVDIUTIY Foaming agent NUT1NAUA a0AT *b Yo udUn Mo

*b
Code Average SD
0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr
PLsilane6 F 17.2 18.7 18.5 19.3 0.3 0.5 0.3 0.2
Optimized
18.0 0.3
formula
Natural rattan 21.9 0.9
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HAMIIATILHAIENTZUIUMINIEDA (Oneway ANOVA Test) taz1¥11/5unsu spss lu

M31l5ziiiunan Young’s modulus Y0 ud U Neiiounngasnsnau

Oneway
Notes
Output Created 11-AUG-2011 22:19:10
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Young's modulus.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556

Missing Value
Handling

Syntax

Resources

Definition of
Missing

Cases Used

Elapsed Time

User-defined missing values are
treated as missing.

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond
/STATISTICS DESCRIPTIVES
HOMOGENEITY
BROWNFORSYTHE WELCH
/MISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.03




Descriptives

Young's modulus
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Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum Maximum
Lower Upper
Bound Bound
Dry 130 | 545.5879 = 53.94814 | 473156 | 536.2264 | 554.9494 | 426.14 668.80
Water 130 | 526.3281 | 80.53667 | 7.06353 | 512.3528 | 540.3035 | 352.32 746.71
Dishwashing 130 | 551.6675 = 69.40736 | 6.08743 | 539.6234 | 563.7116 | 363.82 640.06
Washing powder | 139 | 5357032 | 72.20872 | 6.33312 | 523.1729 | 548.2334 | 350.63 627.77
Total 520 | 539.8217 | 70.15886 | 3.07667 | 533.7774 | 5458659 | 350.63 746.71
Test of Homogeneity of Variances
Young's modulus
Levene
Statistic df1 df2 Sig.
4.622 3 516 003
ANOVA
Young's modulus
Sum of
Squares df Mean Square F Sig.
Between Groups | 48439 372 3 16146.457 3.324 020
Within Groups 2506216.7
5 516 4857.009
Total 2554656.1
oo 519
Robust Tests of Equality of Means
Young's modulus
Statistic(a) df1 df2 Sig.
Welch 2.982 3| 283.460 032
Brown-Forsythe 3.324 3| 482.400 020

a Asymptotically F distributed.




Post Hoc Tests

Multiple Comparisons

Dependent Variable: Young's modulus

152

Mean
Differenc Std.
(I) Conditions | (J) Conditions e (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water 19.2508 | 8.64426 | 117 | -7.7842 46.3038
Dishwashing | 5 0796 | 8.64426 | .896 | -33.1236 | 20.9644
Washing 08848 | 8.64426 663 | -17.1592 | 36.9288
powder
Water Dry -19.2598 | 8.64426 | 117 | -46.3038 7.7842
Dishwashing | 553393 | 8.64426 | .018 | -52.3833 | 1.7046
Washing -9.3750 | 8.64426 699 | -36.4190 | 17.6690
powder
Dishwashing  Dry 6.0796 | 8.64426 | .896 | -20.9644 | 33.1236
Water 25.3393 | 8.64426 | .018 | -1.7046 52.3833
Washing 150643 | 8.64426 | 253 | -11.0797 | 43.0083
powder
Washing Dry -0.8848 | 8.64426 | 663 | -36.9288 | 17.1592
powder
Water 93750 | 8.64426 699 | -17.6690 | 36.4190
Dishwashing | 159643 | 8.64426 | 253 |-43.0083 | 11.0797
Tamhane Dry Water 19.2508 | 8.50184 | 138 | -7.7854 46.3049
Dishwashing | 50796 | 7.71003 | .966 | -30.5840 | 18.4249
Washing 08848 | 7.90545 | .761 | -152460 | 35.0155
powder
Water Dry 19.2508 | 850184 | 138 | -46.3049 | 7.7854
Dishwashing | -25.3393 | 9.32471 | .041 | -54.9634 | 4.2847
Washing -0.3750 | 9.48694 | 905 | -39.5112 | 20.7612
powder
Dishwashing  Dry 6.0796 | 7.71003 | .966 | -18.4249 | 30.5840
Water 253393 | 9.32471 | .041 | -4.2847 54.9634
Washing 150643 | 8.78437 | 354 |-11.9371 | 43.8657
powder
Washing Dry -0.8848 | 7.90545 761 | -350155 | 15.2460
powder
Water 9.3750 9.48694 | .905 | -20.7612 39.5112
Dishwashing | 150643 | 878437 | 354 |-43.8657 | 11.9371
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Homogeneous Subsets

Young's modulus

Subset for
alpha =
.01
Conditions N 1
Tukey HSD(a) ~ Water 130 | 526.3281
Washing 130 | 535.7032
powder
Dry 130 | 545.5879
Dishwashing 130 | 551.6675
Sig. .018

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.

HAMIIATILHAIENTZUIUMINIEDA (Oneway ANOVA Test) taz1¥11/sunsn spss lu

m31sziliuran Ultimate tensile strength Y duvMefioungasnswa

Oneway
Notes
Output Created 11-AUG-2011 22:21:20
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Strength.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556
Missing Value Definition of ) L
. o User-defined missing values are
Handling Missing .
treated as missing.




Syntax

Resources

Cases Used

Elapsed Time

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond

ISTATISTICS DESCRIPTIVES
HOMOGENEITY

BROWNFORSYTHE WELCH
IMISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.05

Descriptives

Ultimate tensile strength

154

Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum | Maximum
Lower Upper
Bound Bound
Dry 130 | 15.0116 1.55765 | .13661 14.7413 15.2819 11.55 16.89
Water 130 | 14.6741 2.68976 | .23591 14.2073 15.1408 9.63 20.70
Dishwashing 130 | 153093 | 214430 | 18807 | 149372 15.6814 10.43 21.00
Washing powder | 130 | 144512 | 207655  .18213 |  14.0908  14.8115 9.41 16.86
Total 520 | 14.8615 217320 | .09530 14.6743 15.0488 9.41 21.00
Test of Homogeneity of Variances
Ultimate tensile strength
Levene
Statistic df1 df2 Sig.
10.267 3 516 .000
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ANOVA
Ultimate tensile strength
Sum of
Squares df Mean Square F Sig.
Between Groups 55.455 3 18.485 3.981 .008
Within Groups 2395.683 516 4.643
Total 2451.138 519
Robust Tests of Equality of Means
Ultimate tensile strength
Statistic(a) df1 df2 Sig.
Welch 4.112 3| 281636 007
Brown-Forsythe 3.981 3| 454148 .008
a Asymptotically F distributed.
Post Hoc Tests
Multiple Comparisons
Dependent Variable: Ultimate tensile strength
Mean
Difference Std.
(I) Conditions | (J) Conditions (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water 3375 26726 | .587 | -.4986 1.1737
Dishwashing | _ 5977 26726 | 681 | -1.1338 5384
Washing 5605 26726 | 155 | -2757 1.3966
powder
Water Dry -3375 26726 | 587 | -1.1737 4986
Dishwashing | _ 5359 26726 | .083 |-1.4714 2009
Washing 2229 26726 | .838 | -.6132 1.0591
powder
Dishwashing  Dry 2977 26726 | 681 | -.5384 1.1338
Water 6352 26726 | .083 | -.2009 1.4714
Washing 8582(%) 26726 | .008 | .0220 1.6943
powder
Washing Dry -.5605 26726 | 155 | -1.3966 2757




Tamhane

* The mean difference is significant at the .01 level.

powder

Dry

Water

Dishwashing

Washing
powder

Water
Dishwashing

Water
Dishwashing

Washing
powder

Dry
Dishwashing
Washing
powder

Dry

Water

Washing
powder
Dry

Water

Dishwashing

Homogeneous Subsets

Ultimate tensile strength

-.2229 26726
-.8582(*) | .26726
3375 27261
-2977 23245
5605 22767
-.3375 27261
-.6352 30170
2229 29803
2977 23245
6352 30170
.8582(*) 26180
-.5605 22767
-2229 29803
-8582(*) | .26180

.838
.008

.770

741

.084

770
199

974

741

199

.007

.084

974

.007

-1.0591
-1.6943

-.5306

-1.0368

-.1633

-1.2057
-1.5940

-.7243

-.4414

-.3235

.0266

-1.2842

-1.1702

-1.6897

Subset for alpha = .01
Conditions 1 2
Tukey HSD(a)  Washing 130 144512

powder .

Water 130 14.6741 14.6741
Dry 130 15.0116 15.0116
Dishwashing 130 15.3093
Sig. .155 .083

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.
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.6132
-.0220

1.2057
4414

1.2842

.5306
.3235

1.1702

1.0368

1.5940

1.6897

.1633

.7243

-.0266




157

HAMIIATILHAIENTZUIUMINIEDA (Oneway ANOVA Test) taz1¥11/5unsu spss lu

M31/521UNanT Strain at break VOUFUHNOTAGUNNGATNTHAN

Oneway
Notes
Output Created 11-AUG-2011 22:22:11
Comments
Input Data
C:\Users\Gundum\Desktop\SPSS
HDPE\Strain at break.sav
Filter <none>
Weight <none>
Split File <none>
N of Rows in
Working Data File 556

Missing Value
Handling

Syntax

Resources

Definition of
Missing

Cases Used

Elapsed Time

User-defined missing values are
treated as missing.

Statistics for each analysis are based
on cases with no missing data for any
variable in the analysis.

ONEWAY tensile BY cond
/STATISTICS DESCRIPTIVES
HOMOGENEITY
BROWNFORSYTHE WELCH
/MISSING ANALYSIS /POSTHOC =
TUKEY T2 ALPHA(.01).

0:00:00.03




Descriptives

Strain at break

158

Std. Std. 95% Confidence Interval
N Mean Deviation Error for Mean Minimum | Maximum
Lower Upper
Bound Bound
Dry 130 | 15.4531 68336 | .05993 15.3345 15.5717 13.42 16.67
Water 130 | 17.9914 | 1.83339 | .16080 17.6732 18.3095 14.00 25.34
Dishwashing 130 | 17.4219 | 1.04590 | .09173 17.2404 17.6034 15.42 19.25
Washing powder | 135 | 173202 | 1.02755 | .09012 17.1418 17.4985 14.92 19.42
Total 520 | 17.0466 @ 1.54905 | .06793 16.9132 17.1801 13.42 25.34
Test of Homogeneity of Variances
Strain at break
Levene
Statistic df1 df2 Sig.
44106 3 516 .000
ANOVA
Strain at break
Sum of
Squares df Mean Square F Sig.
Between Groups 474.192 3 158.064 | 105.763 .000
Within Groups 771.172 516 1.495
Total 1245.364 519
Robust Tests of Equality of Means
Strain at break
Statistic(a) df1 df2 Sig.
Weich 190.411 3| 274.881 .000
Brown-Forsythe 105.763 3|  333.389 .000

a Asymptotically F distributed.




Post Hoc Tests

Multiple Comparisons

Dependent Variable: Strain at break

159

Mean
Differenc Std.

(I) Conditions | (J) Conditions e (I-J) Error Sig. 99% Confidence Interval
Lower Upper
Bound Bound
Tukey HSD  Dry Water -2.5383(*) | .15163 | .000 -3.0127 -2.0639
Dishwashing | 1 9588(*) | 15163 | .000 -2.4432 -1.4945
Washing -1.8671(*) | .15163 | .000 -2.3415 -1.3927

powder
Water Dry 2.5383(*) | .15163 | .000 2.0639 3.0127
Dishwashing 5695(*) | 15163 | .001 0951 1.0439
Washing 6712(") | 15163 .000 1968 1.1456

powder
Dishwashing  Dry 1.9688(*) | .15163 | .000 1.4945 2.4432
Water -5695(*) | .15163 | .001 -1.0439 -.0951
Washing 1018 | .15163 | .908 -.3726 5762

powder
Washing Dry 1.8671(*) | .15163 | .000 1.3927 2.3415

powder

Water -6712(*) | 15163 | .000 -1.1456 -.1968
Dishwashing -1018 | 15163 | .908 -5762 3726
Tamhane Dry Water -2.5383(*) | 17161 | .000 -3.0867 -1.9899
Dishwashing | 1 g6g8(*) | 10958 = .000 -2.3175 -1.6202
Washing -1.8671(*) | 10823 | .000 -2.2114 -1.5228

powder
Water Dry 2.5383(*) | .17161 | .000 1.9899 3.0867
Dishwashing 5695 | .18512 | .014 -.0202 1.1591
Washing 6712(*) | .18433 | .002 0841 1.2584

powder
Dishwashing ~ Dry 1.9688(*) | .10958 | .000 1.6202 2.3175
Water -5695 | 18512 | .014 -1.1591 .0202
Washing 1018 | 12859 | .966 -.3067 5102

powder
Washing Dry 1.8671(*) | .10823 | .000 1.5228 2.2114

powder

Water -6712(*) | 18433 | .002 -1.2584 -.0841
Dishwashing -1018 | 12859 | .966 -5102 3067

* The mean difference is significant at the .01 level.




Homogeneous Subsets

Strain at break

Subset for alpha = .01

Conditions N 1 2 3
Tukey HSD(a)  Dry 130 15.4531

Washing 130 17.3202

powder

Dishwashing 130 17.4219

Water 130 17.9914

Sig. 1.000 .908 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 130.000.
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PHYSICAL AND MECHANICAL PROPERTIES OF
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Introduction

Since rattan furniture has been very popular in abroad due to its exotically tropical
looks, its shortage in supply and difficulty to maintenance leads manufacturer to produce
synthetic rattan made of plastics to replace natural ones. Most of them are prepared from
high-density polyethylene (HDPE). M . polyethylene-based rattan is waterproof,
resistant to moulds, and weather-resistant. Unfortunately, synthetic rattan is usually heav-
ier than natural rattan because of its dense structures (no porosity).

This research aims to prepare light-weight synthetic rattan from composites between
high-density polyethylene (HDPE), ethylene-propylene-diene elastomer (EPDM), and
pine wood flour. A twin-screw extruder with a rod die was used to blend and extrude com-
posite strand. Wood flour content and silane coupling agent were varied. A chemical
blowing agent with several contents was incorporated in order to produce fine foaming
structure inside composite strands. Densities and mechanical properties of composite
strands were examined. Color of specimen was measured using a color reader in Lab sys-
tem. Morphology of fracture surface of the composite strands was studied by a scanning
electron microscope.

Experimental

| Mixing HDPE and EPDM (90/10wt%) , VTES 2.5 and 3.0 wt% wood 1. 2
and 3 phr, DCP (0.5wt% with respect to the fiber weight) were melt blending

in a twin-screw extruder
Color measurement

&

Nk

Optimized fomular was melt blended in the presence of
modified azodicarbonamide (at 0.5, 1, 1.5 and 2 phr) by a

twin-screw extruder

o
| Tensile test | PhYSiCﬂ ‘ Morphology

Results and Discussion

A.Optimized fomular

Fig.1(a) shows that HDPE-based composite strands had much lower Young's
modulus compared to natural rattan but they offered better flexibility considered from
percent of ultimate strains as presented in Fig. 1(b). Composite strands with VTES treated
wood had higher Young’s modulus and higher strain at ultimate stress than those with un-
treated wood. 1t is found that Young’s modulus increased with repsect to wood contents.
From color measurement, it found that all composite sirands were light brown but their
lightness (L*) was darker than natural rattan as presented in Fig. 1(c). Combined results
of mechanical properties and color. the optimized wood content was 2 phr with silane
treatment of 2.5 wi% of wood weight.

= S
= i
: =| | &
£l v |
g . 1o
i i
3
LI i,
e e
e -
a) ()
. w8 [T
-
.
Pt

(c)
Fig.1. (a) Young’s Modulus (b) Strain at ultimate stress (%) (¢) Lightness (L*); of natural
rattan and composite strands synthetic rattan with varied pine wood contents.

B. Density of foamed synthetic rattan

Fig. 2. shows that densities of foamed composite strands synthetic rattan had lower
non-foamed ones due to adding CFA creates foam cells starting in the middle of the com-
posite strands. Increasing contents of CFA up to 2 phr reduced strand densities due to
higher content of CFA produced more foam cells [2]. Unfortunately, these densities were
still higher than natural rattan. Creating foam cells inside composite strands lowered their
densities up to 16%
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Fig.2. Densities of natural rattan and foamed synthetic rattan with varied CFA contents.
C. Color measurement
Fig.3. shows lightness measurement of foamed composite strands. By naked eyes,

their color looked closed to natural rattan. When measured in Lab system, L* of foamed
ite strands was higher than fic d ones and were closed to natural

et s o

Fig. 3. Lightness (L*) of natural rattan and strands foamed with varied CFA contents.

rattan.
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D. Morphology of foamed synthetic rattan

Fig4. shows cross-sectional morphology of foamed composite strands compared
with natural rattan. It is seen that natural rattan has porous structure from xylem (water
duets) in its longitudinal orientation. Adding CFA creates foam cells starting in the middle
of the composite strands. Foam cells with low CFA contents (0.5, 1.0 phr) were all closed
cells, and open foamed cells occurred when using higher CFA contents (1.5, 2.0 phr).

Fig 4. Cross-sectional morphology of natural rattan (a), and foamed synthetic rattan with
CFA 0f 0.5 (b), 1.0 (c). 1.5 (d), and 2.0 (e) phr.

Conclusion

Based on Young's modulus, strains at ultimate stress and its color, the optimized
wood content was 2 phr with silane treatment of 2.5 wi% of wood weight. Densities of
foamed composite strands (synthetic rattan) were lower than non-foamed ones. Creating
foam cells inside composite strands lowered their densities up to 16%. L* in Lab system
of foamed P strands was higher than 1t d ones and were
closed to natural rattan. Adding CFA, foam cells with low CFA contents (0.5, 1.0 phr)
were all closed cells, and open foamed cells occurred when using higher CFA contents
(1.5,2.0 phr).
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[2] Laurent M. Matuana, Omar Faruk, Carlos A. Diaz (2009). Cell morphology of
extrusion foamed poly(lactic acid) using endothermic chemical foaming agent. pp 5947-
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exposure. Longer exposure times led to greater degradation. Plastic cards were sallow and brittle when exposed
to the UV for long periods of time.The outdoor exposure deteriorated plastic cards more severely than the QUV
accelerated weathering tester,

CcuU-cT

IS dEIE Property Enhancement of Natural Rubber Vulcanizate by Nano Zinc Oxide
Incorporation

Surachai Siripipat®, Sirilux Poompradub @b Kunakorn Poochinda ab

a).'J‘f—;-l;:)arm":em‘ of Chemical Technology, Faculty of Science, Chulalongkorn University
Center for Petroleum, Petrochemical, and Advanced Materials

Zinc oxide (ZnO) agglomeration, during sulfur vulcanization, causes the small interfacial area between
Zn0 and the accelerator (steric acid). As a result, a low curing efficiency is obtained. Particle size, shape and
specific area are believed to be influential factors for achieving the high interfacial area. In this research, nano
zinc oxide has been employed for enhancing the interfacial area and degree of dispersion in the natural rubber
matrix. Thus, three synthesis methods have been examined: thermal decomposition, hydrothermal and sol-gel.
The particle size, specific surface area and crystalline structure of the prepared ZnO have been characterized.
The synthesized nano ZnQ has been mixed with natural rubber latex. The property comparison, between NR with
the prepared nano ZnO and NR with the commercial grade ZnO, in terms of morphology, cure characteristics and
mechanical properties has been evaluated.
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“Department of Materials Science, Chulalongkorn University
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In this study, microcrystalline cellulose (MCC) was modified with various concentrations of
hexadecyltrimethoxysilane in order to obtain the organosilane treated microcrystalline cellulose (SIMCC) having
good compatibility with polypropylene (PP) matrix. Characterizations including Scanning Electrom Microscopy
(SEM) and Fourier Transform Infared Spectroscopy (FT-IR) were employed to analyze the structure of SiMCC.
Then, the obtained SiIMCC was mixed with PP powder using twin-screw extruder. The compatibility was achieved,
as evidenced by SEM and Differential Scanning Calorimetry (DSC).
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polyethylene, ethylene-propylene-diene elastomer, and pine wood flour (200 mesh size). Wood flour of 1, 2 and 3
phr, vinyltriethoxysilane of 2.5 and 3 wt% (based on wood flour) and a chemical blowing agent (CFA) of 0.5, 1, 1.5
and 2 phr were varied. All compositions were blended and extruded composite strands by a twin-screw extruder
with a rod die. Properties of composite strands were tested in accordance to ASTM D-2256 and D-1622 for tensile
property and density, respectively. Color of specimen was measured using a color reader in Lab system and
morphology of composites was studied with SEM.Based on tensile tests and its color, the optimized wood content
was 2 phr with silane treatment of 2.5 wt% of wood weight. Adding foamed structures into composite strands
increased flexibility and lowered their densities up to 16%. SEM shows that foam cells with low CFA contents (0.5,
1.0 phr) were all closed cells, and open foamed cells occurred when using higher CFA contents (1.5, 2.0 phr).
Color of foamed composite strands was closed to natural rattandue to more lights could pass through composite
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Polypropylene

Anuchit Khongrit®, Utai Mekum *®

% School of Polymer Engineering, Suranaree University of Technology
P\Center for Petroleum, Petrochemical, and Advanced Materials

Investigation of wood composite based on crosslinked polypropylene was studied. The de5|gn of
experiment was used to optimizing and quantifying the amount of the composite constitutes. The 2* factorial
design was conducted to evaluating the statistical effects of material compositions. Three parameters, silane (A)
wood flour (B) and talc (C) contents were assigned. Composites were compounded into pellets by co-rotation twin
screw extruder at 190°C and test specimens were prepared by injection molding. The measured responds were
classified into 2 conditions; original and cured. The originals were allowed the samples to anneal at room
temperature for approx. a day. The later were achieved by sauna incubation at 105°C for 12 hrs. Impact strength,
flexural properties and HDT were tested and obtained as the respond effects. The optimal formulation of WPC is
accomplished, statistical analysis approach using ANOVA testing showed that silane and wood has generally

" positive effect on the mechanical properties. It delivers the crosslink bridge between polymer matrix and wood

flour via silane/water reaction and enhances the adhesion of the composite. Consequently, the mechanical
properties are improved after sauna treatment. However talc showed negative effect to properties of WPC.
Scanning electron microscopy (SEM) was analyzed to support the evidences of crosslink reaction and hence the
measured mechanical properties accordingly.

[FWIC)EE! Effect of Rice Husk (RH) Content on Physical Properties of RH/Natural
Rubber (NR) Composites

Ladawan Srisuwan *?, Kasama Jarukamjorn™®, Nitinat Suppakarn *®

@ Sehool of Polymer Engineering, Institute of Engineering, Suranaree University of Technology
'Center for Petroleum, Petrochemical and Advanced Materials

Rice husk (RH), abyproduct from rice milling processing, was used as a reinforcing filler for preparing
natural rubber (NR) composites due to its low cost, renewability and biodegradability. In this study, RH/NR
composites were prepared at various RH contents, e.g. 10, 20, 30, 40 and 50 phr, using a two roll mill. Cure
characteristics and mechanical properties of the NR composites were investigated. Scorch time and cure time of
the NR composites slightly increased as compared with those of NR. In addition, the results indicated that the RH
content had no effect on cure characteristics of RH/NR composites. Tensile properties of NR composites were
higher than those of NR. Modulus at 100% strain (M100) and modulus at 300% strain (M300) of the NR
composites increased with increasing RH content up to 40 phr of RH. However, tensile strength, elongation at
beak and tear strength of the NR composites showed the maximum values at 10 phr of RH and these propertie
tended to decrease with increasing RH content.
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( This research aims to prepare light-weight synthetic rattan from composites between high—densm

Qasses having small voids inside. )
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PHYSICAL AND MECHANICAL PROPERTIES OF
FOAMED HDPE-BASED SYNTHETIC RATTAN
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Nakhon Pathom. Thailand
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“ Corresponding author (nattakar@su.ac th)

ABSTRACT

This research aims to prepare light-weight synthetic rattan from composites between high-
density polyethylene, ethylene-propylene-diene elastomer, and pine wood flour (200 mesh
size). Wood flour of 1, 2 and 3 phr, vinyltriethoxysilane of 2.5 and 3 wt% (based on wood
flour) and a chemical blowing agent (CFA) of 0.5, 1, 1.5 and 2 phr were varied. All
compositions were blended and extruded composite strands by a twin-screw extruder with a
rod die. Properties of composite strands were tested in accordance to ASTM D-2256 and D-
1622 for tensile property and density, respectively. Color of specimen was measured using
a color reader in Lab system and morphology of composites was studied with SEM. Based
on tensile tests and its color, the optumized wood content was 2 phr with silane treatment of
2.5 wt% of wood weight. Adding foamed structures into composite strands increased
flexibility and lowered their densities up to 16%. SEM shows that foam cells with low CFA
contents (0.5, 1.0 phr) were all closed cells, and open foamed cells occurred when using
higher CFA contents (1.5, 2.0 phr). Color of foamed composite strands was closed to
natural rattan due to more lights could pass through composite masses having small voids
inside.

*nattakar@su.ac.th

INTRODUCTION

Rattan is a type of climbing palm that is very long with a slender stem which
maintains an almost uniform diameter throughout its length. The outer portion of the stem
1s extremely hard and durable, while the inner portion of the stem 1s softer and porous. The
straight rattan is usually steamed and then bent inte the desired shape through the use of
specialized shapers. Once the rattan has dried, it will retain its shape forever. These rattan
poles are often used to form the frames of what will become rattan woven furniture such as
chairs, tables and sofas. Rattan 1s a verv good material mainly because 1t 1s lightweight,
durable, and somewhai {lexible. Nevertheless, natural raiian has been recenily shortage and
more expensive because rattan collection requires heavy labors and workers have to go
deeper into jungles to collect them.

Since rattan furniture has been very popular in abroad due to its exotically tropical
looks, its shortage in supply and difficulty to maintenance leads manufacturer to produce
synthetic rattan made of plastics to replace natural ones. Most of them are prepared from
high-density polyethylene (HDPE). Synthetic rattan offers good properties such as strength,
toughness, flexibility. outdoor durability and elimination of risk to insect bite. Moreover,
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polyethylene-based rattan is waterproof, resistant to moulds, and weather-resistant.
Unfortunately. svnthetic rattan is usually heavier than natural rattan because of its dense
structures (no porosity). Adding wood flour into HDPE to obtain wood-feel texture also
reduces flexibility of synthetic rattan since incompatibility between these two materials.

This research aims to prepare light-weight synthetic rattan from compaosites between
high-density polyethylene (HDPE), ethylene-propylene-diene elastomer (EPDM), and pine
wood flour. A twin-screw extruder with a rod die was used to blend and extrude composite
strand. Wood flour content and silane coupling agent were varied. A chemical blowing
agent with several contents was incorporated in order to produce fine foaming structure
inside composite strands. Densities and mechanical properties of composite strands were
examined. Color of specimen was measured using a color reader in Lab system.
Morphology of fracture surface of the composite strands was studied by a scanning electron
microscope.

EXPERIMENTAL
A. Materials

High-density polyethylene (HDPE; EL-Lene™H5480S. MFI = 0.8 g/10 min. 190°C/2.16
kg) was purchased from SCG Chemicals Co., Ltd. Thailand. Ethylene propylene diene
elastomer (EPDM: NORDEL™ 1P 3720P, Ethylene/propylene/diene content as
69/30.5/0.5, Mooney Viscosity(ML 1+4, 125°C) as 20MU) was supplied by Innovation
Holding Co., Ltd. Thailand. Wood flour (Pine wood, 200 mesh size) was supplied by
Limpai Co., China. Vinyltriethoxysilane (VTES) 97% from Sigma-Aldiich was used as
coupling agent to treat wood surface. Dicumyl peroxide (DCP) 98% from Aldrich
Chemical Company was used as initiator. Chemical foaming agent was azodicatbonamide
(Master Batch DX 7450) supplied by MDR International Co., Ltd. Thailand. All resins and
chemicals were used as received.

B. Fiber freaimeni

Prior treated with vinyliriethoxysilane (VTES), wood flour was dried in a vacuum oven at
80°C for 24 hrs to get rid of moisture. Eight liters of ethanol/water solution (95/5 wt%) was
prepared and acetic acid was added to adjust pH to be 3.5, VTES 2.5 and 3 wt% (respect to

the fiber weight) was added into ethanol/water solution with slow stirring for 30 min to
generate active groups. Then, 400 g of dried wood flour was poured into VTES solution
and maintained stirring for 6 hrs. After that, silane-treated wood flour was dried in a
vacuum oven at 120°C for 24 hrs. Treated wood flour was characterized by FTIR.

C. Compounding and fabrication

High-density polyethylene and ethylene propylene diene monomer (90/10 wt%) were
compounded in a twin-screw extruder (SHI-25, China) with a temperature profile of 150-
160°C at screw speed of 30 rpm and then pelletized. Prior mixing with polymer
compounds, silane-treated wood flour was dried in vacuum oven at 80°C for 24 hrs in order
to minimize amount of moisture. Polymer compounds, silane-treated wood (at 1, 2 and 3
phr) and DCP (0.5wt% with respect to the fiber weight) were melf blending in a twin-screw
extruder with a temperature profile of 150-180°C at screw speed of 30 rpm and a rod die
with diameter of 4 mm. Composite strands were cooled 1 a water bath with controlled
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water temperature of 40°C. Composite strands were tested their mechanical properties to
determine the optimum formula for the next step.

The optimized formula was melt blended in the presence of modified azodicarbonamide (at
0.5, 1, 1.5 and 2 phr) by a twin-screw extruder with a temperature profile of 150-180°C at
screw speed of 30 rpm and a rod die with diameter of 4 mun. Strands were cooled in a water
bath with controlled water temperature of 40°C. Foamed composite strands were collected
and tested.

D. Mechanical properties

Mechanical properties of composite strands were carried out in a universal testing machine
(Instron 5965, Series dual column table frames). Tensile test were performed according to
ASTM-D2256 with a crosshead speed of 50 mm/min and 5 kN load cell. gauge length of 10
cm. Ten specimens were performed to determine the average and the standard deviation

E. Physical properties
Deunsity was performed according to ASTM D-1622 with a strand specimen of 3 cm long.
Density was calculated using the equation 1. Twenty specimen of each formula were tested
in order to calculate the average and the standard deviation.

D =MV (eq. 1)
Note: D = Density of sample. M = Weight of sample, V = Volume of sample
Color was measured by means of a color reader in Lab svstem. Twenty specimen of each
formula were measured in order to calculate the average and the standard deviation.

F. Morphology

Microstructure of test specimen was characterized by a scanning electron microscope
(JSM-5410LV). Test specimens were prepared by immersing specimen in liquid nitrogen
and then breaking them. The fractured surfaces were sputter-coated with gold for
observation.

RESULTS AND DISCUSSION

A. ]rgfrm‘ed spectroscopy ann.{vsis (FTIR)

FTIR analysis was used for studying the crossiinking reaction in the composites, i.e. the
formation of wood—-O-Si bonds and Si—O-Si bonds. Fig. 1 shows the FTIR spectra of
HDPE-based composites having unireated and VTES treated wood flour. In VTES treated
samples, there was no peak at 1,092 em! which was related to residual un-hydrolyzed
Si—O—CH; groups [1]. The broad band between 900 and 1,150 cm™ was related to either
covalent bonding between wood and silane (Si-O-C) or polysiioxanes (Si—0—Si) bonding
[1]. The peaks at 800 and 1050 cm™ were attributed to polysiloxanes (Si—O—Si) confirming
that there was silane crosslinking during the fiber treatment. Also, the peak at 1.650 em™
that could be assigned to C=C symmetric stretch from vinvl groups in VTES that would be
used to react with HDPE in the compounding step.

B. Optimized wood content and silane treatnent
Figure 2(a) shows that HDPE-based composite strands had much lower Young’s modulus
compared to natural rattan but thev offered better flexibility considered from percent of
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ultimate strains as presented in Fig. 2(b). Compeosite strands with VTES treated wood had
higher Young’s modulus and higher strain at ultimate stress than those with untreated
wood. It 1s found that Young’s modulus mcreased with repsect to wood contents. From
color measurement, it found that all composite strands were light brown but their lightness
(L*) was darker than natural rattan as presented in Fig. 2(c¢). Combined results of
mechanical properties and color, the optimized wood content was 2 phr with silane
treatment of 2.5 wt% of wood weight. SEM shows good adhesion between wood fibers and
polymer matrix after treated fibers with VTES silane.
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Fig. 1. FTIR spectra of untreated and VTES treated pine wood flour.
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Fig.2. (a) Young’s modulus, (b) Strain at ultimate stress (%), (¢) Lightness (L*); of natural
rattan and composite strands with varied pine wood contents and silane treated.
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C. Density of foamed synthetic rattan

Figure 3 shows that densities of foamed composite strands synthetic rattan had lower non-
foamed ones due to adding CFA creates foam cells starting in the middle of the composite
strands. Increasing contents of CFA up to 2 phr reduced strand densities due to higher
content of CFA produced more foam cells [2]. Higher content of CFA was not possible as
mentioned in SEM results. Unfortunately, these densities were still higher than natural
rattan. Creating foam cells inside composite strands lowered their densities up to 16%.

000

Natural Optirized 05phr 1phe Lsph 2phe
rattan compesite

Fig.3. Densities of natural rattan and foamed synthetic rattan with varied CFA contents.

D. Color measurement

Figure 4 shows lightness measurement of foamed composite strands. By naked eyes, their
color looked closed to natural rattan. When measured in Lab system, L* of foamed
composite strands was somewhat higher than non-foamed ones and were closed to natural
rattan. The reason 1s more lights could pass through composite masses having small voids

inside. Thus, creating foamed cells inside composite strands could improve appearance of
synthetic rattan to be more pleasant.
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E. Morphology of foamed synthetic rattan

Figure 5 shows cross-sectional morphology of foamed composite strands compared with
natural rattan. It is seen that natural rattan has porous structure from xylem (water ducts) in
its longitudinal orientation. Adding CFA creates foam cells starting in the middle of the
composite strands. Foam cells with low CFA contents (0.5, 1.0 phr) were all closed cells,
and open foamed cells occurred when using higher CFA contents (1.5, 2.0 phr). Unstable
pull-out of composite strands was happened if higher than 2.0 phr CFA was attempted
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because strand surface was exploded. Too cool water temperature was prohibited due to
occurrence of central voids from excessive shrinkage of polymer matrix inside.

ey A 3 i i % ] 3 A
Fig.5. Cross-sectional morphology of natural rattan (a), and foamed synthetic rattan with
CFA of 0.5 (b), 1.0 (c), 1.5 (d), and 2.0 (e) phr.

CONCLUSIONS

Based on Young’s modulus, strains at ultimate stress and its color, the optimized wood
confent was 2 phr with silane treatment of 2.5 wt% of wood weight. Densities of foamed
composite strands (synthetic rattan) were lower than non-foamed ones. Creating foam cells
inside composite strands lowered their densities up to 16%. L* in Lab system of foamed
composite strands was somewhat higher than non-foamed ones and were closed to natural
rattan. Adding CFA, foam cells with low CFA contents (0.5, 1.0 phr) were all closed cells,
and open foamed cells occurred when using higher CFA contents (1.5. 2.0 phr).
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Introduction

Since rattan furniture has been very popular in abroad due to its exotically tropical
looks, its shortage in supply and difficulty to maintenance leads manufacturer to produce
synthetic rattan made of plastics to replace natural ones. Most of them are prepared from
high-density polyethylene (HDPE). M . polyethylene-based rattan is waterproof,
resistant to moulds, and weather-resistant. Unfortunately, synthetic rattan is usually heav-
ier than natural rattan because of its dense structures (no porosity).

This research aims to prepare light-weight synthetic rattan from composites between
high-density polyethylene (HDPE), ethylene-propylene-diene elastomer (EPDM), and
pine wood flour. A twin-screw extruder with a rod die was used to blend and extrude com-
posite strand. Wood flour content and silane coupling agent were varied. A chemical
blowing agent with several contents was incorporated in order to produce fine foaming
structure inside composite strands. Densities and mechanical properties of composite
strands were i Color of i was using a color reader in Lab sys-
tem. Morphology of fracture surface of the composite strands was studied by a scanning
electron microscope.

Experimental

Mixing HDPE and EPDM (90/10w1%) . VTES 2.5 and 3.0 wt% wood 1, 2
and 3 phr , DCP (0.5w1% with respect to the fiber weight) were melt blending

in a twin-screw extruder

‘ Tensile test ‘ | Color measurement

1 1

Optimized fomular was melt blended in the presence of
modified azodicarbonamide (at 0.5, 1, 1.5 and 2 phr) by a
twin-screw extruder

Physical i Morphology ‘
properties

I Tensile test

Results and Discussion

A Mechanical Testing

Fig.1(a) shows that foamed HDPE-based composite strands had much lower Young’s
modulus compared to natural rattan but they offered better flexibility considered from
percent strain at ultimate stress as presented in Fig. 1(b). Effect of CFA content found that
with CFA contents 1.5-2.0 phr effect to Young’s modulus decreased slightly. Incontrast
trend of percent strain at ultimate stress more higher than low content (0.5-1.0 phr). This
is due to increased of CFA can create much more foam cells until each wall-cells contact
and forming as open foamed cells inside (refer from SEM). With Open foamed cells in-
side effect to strength of foamed HDPE-based composite strands decreased.
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Fig 1. (a) Young’s Modulus (b) Strain at ultimate stress (%) :of natural rattan and foamed
HDPE-based composite strands synthetic rattan with varied CFA contents.
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B. Density of foamed synthetic rattan

Fig. 2. shows that densities of foamed composite strands synthetic rattan had lower
non-foamed ones due to adding CFA creates foam cells starting in the middle of the com-
posite strands. Increasing contents of CFA up to 2 phr reduced strand densities due to
higher content of CFA produced more foam cells [2]. Unfortunately, these densities were
still higher than natural rattan. Creating foam cells inside composite strands lowered their

densities up to 16%
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Fig.2. Densities of natural rattan and foamed synthetic rattan with varied CFA contents.

C. Color measurement
Fig.3. shows lighiness measurement of foamed composite strands. By naked eyes.
their color looked closed to natural rattan. When measured in Lab system, L* of foamed
strands was higher than fic d ones and were closed to natural

rattan.
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Fig 3. Lightness (L*) of natural rattan and strands foamed with varied CFA contents.

D. Morphology of foamed synthetic rattan

Fig4. shows cross-sectional morphology of foamed composite strands compared
with natural rattan. It is seen that natural rattan has porous structure from xylem (water
ducts) in its longitudinal orientation. Adding CFA creates foam cells starting in the middle
of the composite strands. Foam cells with low CFA contents (0.5, 1.0 phr) were all closed
cells, and open foamed cells occurred when using higher CFA contents (1.5, 2.0 phr).

Fig 4. Cross-sectional morphology of natural rattan (a), and foamed synthetic rattan with
CFA of 0.5 (b), 1.0 (c). 1.5 (d), and 2.0 (e) phr.

Conclusion

Based on Young’s modulus, strains at ultimate stress and its color, the optimized
wood content was 2 phr with silane treatment of 2.5 wt% of wood weight. Adding high
content of CFA (1.5, 2.0 phr) effect to them strength decreased slightly but better flexibil-
ity. Creating foam cells inside composite strands lowered their densities up to 16%. L* in
Lab system of foamed composite strands was somewhat higher than non-foamed ones and
were closed to natural rattan. Adding CFA, foam cells with low CFA contents (0.5, 1.0
phr) were all closed cells, and open foamed cells occurred when using higher CFA con-
tents (1.5, 2.0 phr)
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1 Introduction

Rattan 1s a type of eclimbing palm that is very long
with a slender stem which maintains an almost
uniform diameter throughout its length. The outer
portion of the stem is extremely hard and durable,
while the inner portion of the stem is softer and
porous. The straight rattan is usually steamed and
then bent into the desired shape through the use of
specialized shapers. Once the rattan has dried, it will
retain its shape forever. These rattan poles are often
used to form the frames of what will become rattan
woven furniture such as chairs, tables and sofas.
Rattan is a very good material mainly because it is
lightweight, durable, and somewhat flexible.
Nevertheless, natural rattan has been recently
shortage and more expensive because rattan
collection requires heavy labors and workers have to
go deeper into jungles to collect them.

Since rattan furniture has been very popular in
abroad due to its exotically tropical looks, its
shortage in supply and difficulty to maintenance
leads manufacturer to produce synthetic rattan made
of plastics to replace natural ones. Most of them are
prepared from high-density polyethylene (HDPE).
Synthetic rattan offers good properties such as
strength, toughmess, flexibility, outdoor durability
and elimination of risk to insect bite. Moreover,
polyethylene-based rattan is waterproof, resistant to
moulds, and weather-resistant. Unfortunately,
synthetic rattan is usually heavier than natural rattan
because of its dense structures (no porosity). Adding
wood flour into HDPE to obtain wood-feel texture
also reduces flexibility of synthetic rattan since
mcompatibility between these two materials.

This research aims to prepare light-weight synthetic
rattan from composites between high-density
polyethylene (HDPE), ethylene-propylene-diene
elastomer (EPDM), and pine wood flour. A twin-
screw extruder with a rod die was used to blend and

extrude composite strand. Wood flour content and
silane coupling agent were varied. A chemical
blowmng agent with several contents was
incorporated in order to produce fine foaming
structure inside composite strands. Densities and
mechanical properties of composite strands were
examined. Color of specimen was measured using a
color reader in Lab system. Morphology of fracture
surface of the composite strands was studied by a
scanning electron microscope.

2 Experimental
2.1 Materials

High-density polyethylene, HDPE (EL-LENE™
HS5480S, MFI = 0.8 g/10 nun, 190°C/2.16 kg) was
purchased from SCG Chemicals Co., Ltd. Thailand.
Ethylene propylene diene monomer, EPDM
(NORDEL™ IP3720P) was purchased from Dow
Chemical, USA. Pine wood flour (200 mesh size)
was supplied by Lmpai Co., China.
Vinyltriethoxysilane (VTES) 97% from Sigma-
Aldrich was used as coupling agent. Dicumyl
peroxide (DCP) 98% from Aldrich Chemical
Company was used as initiator. Chemical foaming
agent (CFA) was azodicarbonamide (with ZnO)
supplied by MDR international Co., Thailand. All
resins and chemicals were used as received.

2.2 Fiber treatment

Prior treated with vinyltriethoxysilane (VTES),
wood flour was dried in a vacuum oven at 80°C for
24 hrs to get rid of moisture. Eight liters of
ethanol/water solution (95/5 wt%) was prepared and
acetic acid was added to adjust pH to be 3.5. VIES
2.5 and 3 wt% (respect to the fiber weight) was
added into ethanol/water solution with slow stirring
for 30 min to generate active groups. Then, 400 g of
dried wood flour was poured into VTES solution



and maintained sturing for 6 hrs. After that, silane-
trcated wood flour was dried in a vacuum oven at
120°C for 24 hrs. Treated wood flomr was
characterized by FTIR.

2.3 Compounding and fabrication

HDPE (90 wt%) and EPDM (10 wt%) were
compounded in a twin-serew extruder (SHJ-25,
China) with a temperature profile of 150-160°C at
screw speed of 30 rpm and then pelletized. Prior
mixing with polymer compounds, silane-treated
wood flour was dried in vacuum oven at 80°C for 24
hrs in order to minimize amount of moisture.
Polymer compounds, silane-treated wood (at 1. 2
and 3 phr) and DCP (0.5wi% with respect to the
fiber weight) were melt blending in a twin-screw
extruder wilh a (ewperalure profile of 150-180°C al
screw speed of 30 rpm and a rod die with diameter
of 4 mm. Composite strands were cooled in a water
bath with controlled water temperature of 10°C.
Composite strands were tested thenr mechanical
properties to determine the optimum formula for the
next step.

The optimized formula was melt blended in the
presence of modified azodicarbonamide (at 0.5, 1,
1.5 and 2 phr) by a twin-screw extruder with a

temperature protfile of 150-180°C at screw speed of

30 rpm and a rod die with diameter of 4 mm. Strands

ware conled in a water hath writh contrallad watar
WEIe COO01e0 1 a walel oall Wil Conuoundtd wWater

crosshead speed i
gauge length ot ]O cm. Ten

performed to determine the average and the standard
deviation.

Color was measured by means of a color reader in
Lab system. Density was performed according to
ASTM D1622 using specimen length of 3 cm.
Twenty specimen of each formula were measured m
order to calculate the average and the standard
deviation.
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Cross-sections of natural and foamed synthetic
strands were characterized by a scanning clectron
microscope (JSM-3410LV). Test specimens were
prepared by immersing specimen 1n liquid nitrogen
and then breaking them. The fractured surfaces were
spulter-coated with gold for observation.

3 Results and discussion

3.1 Infrared speciroscopy analysis (FTIR)

FTIR analysis was used for studying the crosslinking
reaction in the composites, i.e. the formation of
wood—0—S1 bonds and Si—O-51 bonds. Fig.1 shows
the FTIR spectra of HDPE-based composites having
untreated and VIES freated wood flour. In VIES
treated samples, there was no peak at 1.092 em™
which  was  relaled (¢ residual  wn-hydrolyzed
Si—O—ClI; groups [1]. The broad band between 900
and 1,150 em' was related to either covalent
bonding between wood and silane (Si-O-C) or
polysiloxanes (S1—0—51) bonding [1]. The peaks at
800 and 1050 em™ were attributed to polysiloxanes
(S1—0-S1)  conlinmng  (hat  there was  silane
crosslinking during the fiber treatment. Also, the
peak at 1,650 cm’ that could be assigned to C=C
symmetric stretch from vinyl groups m VTES that
would be used to react with HDPE in the
compounding step.

3.2 Optimized wood content and silane treatment

unneated wood. II can lJ.e seen that Young’s
modulus increased with respect to wood contents.
From color measurement. it found that all composite

strands were light brown but their lightness (L*) was
darker than narural rattan as presented in Fig. 2(c).
Considering results of mechanical properties and
color, the optimized wood content was 2 phr with
silane treatment of 2.5 wt% of wood weight. SEM
revealed good adhesion between wood fibers and
polymer matrix after treated fibers with VTES
silane. After foaming, it is found that mechanical
properties such as tensile modulus and tensile
strength did not affect much by porous cross-
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sections. Ultimate strains of foamed composite even better. This is due to EPDM phases which
strands were in the same range of non-foamed or could mmprove ductility of HDPE [2].

Untreated

wood

———VTES 2.5%
wood
2000 1900 1300 1700 1GOO 1500 1400 1300 1200 1100 1000 300 800 700
Fig.l. FTIR spectra of untreated and VTES treated pine wood.
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Fig.2. (a) Young’s modulus (b) Strain at ultimate stress (%), (¢) Lightness (L*); of natural rattan and composite
strands synthetie rattan with varied pine wood conlents and silane (reated.
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Fig 3. Densities of natural and foamed synthetic rattan

with varied CFA contents.

Fig 4. Lightness (L*) of natural and foamed
synthetic rattan with varied CFA contents.

Fig.5. Cross-sectional morphology of natural rattan (a). and foamed synthetic rattan with CFA
ot 0.5 (b), 1.0 (¢), 1.5 (d), and 2.0 (e) phr.

3.3 Density of foamed synthetic rattan

Fig.3 shows that densities of foamed composite
strands synthetic rattan had lower non-foamed ones
due (0 adding CFA creates [oam cells starting in the
middle of the composite strands. Increasing contents
of CFA up to 2 phr reduced strand densities due to

higher content of CFA produced more foam cells [3].

Unfortunately, these densities were still higher than
natural rattan. Creating foam cells inside composite

strands lowered their densities up to 16%.

3.4 Color measurement

Tt 12 seen that
strands improved appearance of synthetic rattan. By
naked eyes. thelr color looked closed to natural
rattan. When measured in Lab system, I* of foamed
composite strands was somewhat higher than non-
foamed ones and were closed to natural rattan. The
reason is more lights could pass through composite
masses having small voids inside.

-catit ad aally side combosife

ing foamed cells inside composite

3.5 Morphology of foamed synthetic rattan

Fig.5 shows cross-sectional morphology of foamed
composite strands compared with natural rattan. Tt 1s
seen (hat natural rattan has porous structure [rom
xylem (water ducts) in its longitudinal crientation.
Adding CFA creates foam cells starting in the
middle of the composite strands. Foam cells with
low CFA contents (0.5, 1.0 phr) were all closed
cells, and open foamed cells occurred when using
]nnhpi CFA contentg f'l 5,20 Pl“) TInctahle I\n“-

om of composite suands was happened if higher
than 2.0 ph}' CFA was attemnted becanse strand

than was attempted because strand
surface was exploded. Too cocl water temperature
wrene svrabalidad dian $n Amavrraadiaas A aandral cemi A
was PlUlllUllCu UUC U vlLulicuvc Ul vlliilal vulius

from excessive shrinkage of polymer matrix inside.

4. Conclusions

Based on Young’'s modulus, strains at ultimate stress
and 1ts color, the optimized wood content was 2 phr
with silane treatment of 2.5 wt% of wood weight.
Densities of foamed composite strands synthetic



rattan had lower non-foamed ones. L* i Lab system
of foamed composite strands was somewhat higher
than non-foamed ones and were closed to natural
rattan. Adding CFA, foam cells with low CFA
contents (0.5, 1.0 phr) were all closed cells, and
open foamed cells occurred when using higher CFA
contents (1.5, 2.0 phr).
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