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CHAKART JOBNOOT : STUDY OF MECHANICAL PROPERTIES OF
EUCALYPTUS WOQOD - HIGH DENSITY POLYETHYLENE COMPOSITES.
THESIS ADVISOR : ASSOC. PROF. FLT.LT. KONTORN

CHAMNIPRASART, Ph.D., 145 PP.

MECHANICAL PROPERTIES/COMPOSITES MATERIAL/EUCALYPTUS

WOOD/HIGH DENSITY POLYETHYLENE

This thesis aimed to study composites material from eucalyptus wood and
high density polyethylene (HDPE) to increase the value of excessive material which
could save resource. eucalyptus wood was combined with high density polyethylene
from waste drinking water bottles and high density polyethylene grafted maleic
anhydride (HDPE-g-MAH) was used as an additive for a compatibilizer at various
weight ratios of HDPE and eucalyptus wood which were 50:50 60:40 70:30 80:20
90:10 and 100:0. The composites were prepared using an internal mixer and test
specimen were molded using hot compression molding machine. The specimen was
performed at 160 180 and 200 Celsius and pressure 150 bars. The effects of
eucalyptus wood content, performed temperature and adding HDPE -g-MAH on
mechanical, temperature and morphological properties of composites were
investigated.

With increasing eucalyptus wood content, tensile modulus and flexural
modulus of the composites increased whereas tensile strength, flexural strength,
impact strength and percent elongation at break decreased. Hardness of the
composites were slightly higher than recycle HDPE with increasing eucalyptus wood

content.



In addition, the effect of HDPE-g-MAH on the properties of the composites
was studied. The mechanical properties of the composites at all eucalyptus wood
content were enhanced with incorporating HDPE-g-MAH. Eucalyptus wood content,
performed temperature and adding HDPE-g-MAH did not significantly affect melting
temperature and decomposition temperature of HDPE .

By comparing the best mechanical properties with the commercial wood
plastic (CWP) ,it was found that the flexural strength and hardness of commercial

wood plastic was higher than the eucalyptus wood - HDPE composites but the impact

strength was lower than eucalyptus wood - HDPE composites
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% = Percent

°C = Degree Celsius

m = Micrometer

cm = Centimeter

g = Gram

GPa = Gigapascal

J = Joule

Kg = Kilogram

kJ = Kilojoule

kN = Kilo Newton

kPa = Kilopascal

m’ = Square meter

mm = Millimeter

MPa = Megapascal

Phr = Part per hundred

wt% = Percent by weight

HDPE = High density polyethylene
CCA = Chromated copper arsenate
PP = Polypropylene

MAPP = Maleated polypropylene
DOP = Dioctyl Phthalate

MDPE = Medium density polyethylene
PMPPIC = Polymethylene polyphenyliso cyanate
PE = Polyethylene

MMA = Methyl methacrylate
LDPE = Low density polyethylene

PVC = Polyvinyl chloride
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Polyethylene grafted maleic anhydride

Medium density fiber board

Wood plastic composites

Cubic meter

Square centimeter

Degree kelvin

Cubic Millimeter

Kilojoule

Newton

High density polyethylene grafted maleic anhydride

Recycle high density polyethylene
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24 Yaaadseney (Composites material)
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polyethylene grafted maleic anhydride, HDPE-g-MAH)
a Aan a [} o a 7 1 aan a
weatenaurianNurnuuunsautasnueulalasa Wuasgaiulgnseiviia
é d' o 9 [] [ d‘ [ = d' a a [ %
U %uwuﬂﬂquﬁmminammmwaw o1lF vl gaussgamieIusNURITNHA YD
a 4 a J a = A a ' ' o =2 v
WoANBINANLAZNOAINOTADN INT R FudoauaIgaIvazyIsl vl ganmssaniznu
' a dy A o Y a o dy A a Y A
sTHINNAEANLazNIUaes T liinansnseaeavesnsiaeslunaiadn laa esnais
v H H Y
ﬂﬂiuﬁcl‘ls)'} Ao high density polyethylene grafted maleic anhydride Nszneudieaiuniviuay
L= g‘/ U A gﬂ o Aaan [ 1 a dy A a 3 @ I'4
g TﬂEJmume%miJg]ﬂimﬂuwy"laﬂi@ﬂclfaeumme’aﬂmmﬂuwuﬁzmﬁmm (Ester
H Y H
Linkage) a9 u5e 1a1as191 (Hydrogen Bonding) tazaiui lufivizinamsineiunuaie
1 a [ A = @ A a da! % 9y
TgTwanaveswardan auaaalugli 2.4 yawuszinaduauisonsrnaouldlaels
Y H Y
NAUA Fourier Transform Infrared Spectroscopy (FTIR) muumﬁﬂmuﬁmum"lﬂ“luﬁz‘uuuu
= ) Y A d A 1 a o tdy A o Y 1 1 g’/ a
VWINHINNYUaEMUFoUTZHINNAFANN VNIV 1 1HF09IINTE U anIgossila

aaaN

new ester bond formed

woodfiber

C
{.:-']a . \[_Polymer chain

7

v

P~ a o 4 @ 1 1 =
g‘]J‘I/] 2.4 th’fﬂiﬂﬁUlﬂﬂ15&ﬂﬂWM‘ﬁ$L@ﬁLﬂ@illa$Wu‘ﬁ$Ul‘élIﬂ5L%ui$ﬁﬁNﬁﬁﬂﬂiliJﬂ‘U"ULaﬁ)El

[Bin Li t48% Jinmei He,2004.]

= a d'
2.9 mi!mﬂu‘wmﬁﬂﬂ!waﬂizuaumﬁuﬂigﬂ
~ a A I 3'/ Ao & ~ a
mswssunarganienszurumsulsgdiuvuaounduiulunsmisunaradn

| H Y H
Feogludnvuziagavldwiouivvihwdaiusuauld Tavilnanwaraanily

]
Y- U

TunszuaumsnilsglazdedlimsnauasninGondn a15@unas (Additives) Hatowiiaine

v ]
Ysudysautifvesyuanunaaanuazdiulgeanuamnsa lumsuls gdwara@niive 1¥uals



27

Y 49! G a A =2 Y 1
si1AM83u nszuIumsmTeunaaAnenszuIumsulsgililszneudis msuados
A 3 < L. A g . 3
Msnanvae N uve s (Mixing) MINauvHe NI UU9U1aI (Compounding) 11aZN1591
A <
Waraanla (Pelletizing)
29.1 mMsuages
1 =3 a <3 an A 9 a
MTUALDE HUIEDI MTAAVUIAVBINAFANUTL TagITn1ana s l¥iwaraan
= 1 % o g 1 ] o a 1
Hvnauazgdsrwmnzan deaunsni llyugilaela lunmsuadesszsh i lawara@nii
I~ ] @ 4 o <3 [ a ] 1
PUIALANUANANAUAINAIUADINT tHqranTuiudesuadosnaradnivalond q 1y
) ] 1 ' ] T
motmuiunlumsdudmiiosimsweay s ldouudalda Jowdunsosdnsulszildodns
° vy I 9 A v = A X 9 Y o a
aieye vasuaza1e i) 1 uduy 1A399UAg sl AEFTIATIAT 19 1A M AU UYTIA
a ] A ~ ] (=1 1 [ 1 (= (=] I Y o o
VDANAAAN 1HU 1AT0ITAEDY 1A 1UNIU Tuaa Tuunad uag1ausa Wudu anyaymMIniau
d‘ ' J J v ] d‘ = 1 9 (% d‘ L% 9 (% A
VBILATOIUAGDIAIY ) LANATINY 1FU IATOIIAEDIFITIAN 1ATOI INAA ITNITAANOU
A [ 1 9 a6 Y = = A [V~ A [l Ang Y
tazasod luunalensalinseaenazmsi@end nsesluaailunsosgosni lsuinlunms

' Y H 1
YRYNATAN IﬂEJHAWW%’E]EINENG])HﬂTiElﬁ)EJ!.ﬁ‘]leEﬂﬁﬁﬂﬂ%@‘]fuﬂu‘ﬁlﬁﬂlﬁ@ﬁWﬂﬁUMﬂ%ﬂﬁN

v
v = v a

4 LK) [ oA XY J ~
Lﬂ%ﬂﬂiﬂﬁﬂﬂ‘i%ﬂ@ﬂﬁ’)ﬂﬁ@umaﬂﬁ"ﬁﬂﬂhuﬂﬁ Nﬂu@]ﬂ@]ﬂﬂﬂﬂﬂﬁﬂu 4 AN AU NISUASLUNTI

U

Usznoveg Tagnazangnaudininlassdiuuy asenalzlimaaiiiedaanog 3 1a
A

q U U

(-

wewaraanildasllazgniianyusvnazihlidanuiagednegnuizounios Taonsog

° 9 [ a = ~ 9 < o [ '
STNMNIUET 9 hl‘lJi]uﬂ’JTWmﬁﬁﬂilz’cwLﬂﬂﬂwaﬂ%a@ﬂmuﬂiﬂﬂ AITULTIAAISBYTISHIN

]
1w A

12-14 1@ 3R IUIM T2ILHNITTHINNANYUazIAogNUN 52112 0.25-0.5 Uaamuas Tuda

u

Y v
Huuaiau'ldaaua 10-2,500 flansuaes T

< d a o L . oa
IFTIR] SR FHEH] IMEWI I:LJLLYI:{'FI
| I
/ 05 [§
AMN }
| OB :
YAIWARAN
e N
Tt
elastic
MUz PS, PF PS, PF, PMMA | PVC, PE, PP, PA

31U 2.5 1ATRIVATOINAIAANIVUAN 9 [http://www.sci.buu.ac. th]



28

e fladiariyy

-
-

=B £, . .._., \_
ety ONL A~ g

g‘ﬂ‘ﬁ 2.6 19504 T3idA [http://www.sci.buu.ac.th]

2.9.2  MSWaYN (Mixing)
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311 2.7 e IwaNIUARIGNNAT (Two-roll mill) [htp://www.sci.buu.ac.th]

\ 5
IEHEEA T

Tswmes

o ailala

517 2.8 Ao IWANLLUA (Internal mixer) [http://www.sci.buu.ac.th]
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Solids Melting Melt Pumping
Conveying

3 11 2.9 1n309dAT AUV A N3 ERR) (Single screw extruder) [http://www.sci.buu.ac.th]
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Solids Melting Melt Pumping
Conveying

p| 17 2.10 1AS0IO AT AL ng ﬂ' (Twin screw extruder) [http://www.sci.buu.ac.th]

210  NITUIUMIOA (Compression molding)
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3. MINAADUBIINTZUND (Impact test)
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4. MINATDUANUUTIA (Hardness test)
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Temperature Tensile strength Tensile Elongation at
No. ) HDPE:Wood

O (MPa) Modulus (MPa) break (%)

1 100:0 25.76+0.39 892+23 112.43+1.20
2 50:50 13.77+1.43 1886+33 1.1840.23
3 60:40 19.30+0.87 1562+57 1.9940.36
4 o0 70:30 22.37+1.27 1469+62 2.1040.35
5 80:20 24.40+0.87 138086 3.42+0.49
6 90:10 25.7240.55 1282451 7.60+0.68

7 100:0 25.15+0.82 886+18 109.26+1.10
8 50:50 16.24+0.64 2153474 2.08+1.20
9 60:40 21.01+0.65 2012495 2.90+0.70
10 i 70:30 23.33+0.61 1834+38 7.03+0.52
11 80:20 25.96+1.17 1798+42 7.92+0.71
12 90:10 27.55+0.45 1328+43 8.13+0.80

13 100:0 26.88+0.64 904+34 105.47+1.35
14 50:50 15.84+0.52 1762+45 0.78+0.91
15 60:40 19.57+0.72 1441£71 1.454+0.86
16 20 70:30 21.97+1.00 140628 2.29+1.14
17 80:20 23.80+0.80 1325+£74 4.08+0.75
18 90:10 26.20+0.62 1121+£56 6.84+0.44
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2. H,: quugilumsyugil lulinadeianiiannuuiws @evesiag
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a 2 S 1 1 A < =2 o
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H, : oas1aauvesweanausiannuvnumiugenens lifgmalaa
a 2 = ' ' wa <3 = Y a R 1 a
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9 a 4 (% { .
%Wﬂ"ll'ﬂlluﬁiu@n‘iWﬂﬂ'l‘i’)LﬂiWZﬂu“U‘U ANOVA @N:J.ﬂ‘ﬁ 4.8 9¢ Reject H;,

A S 1 9

4 1 s 1 1 (% é d' =) w 1 é =S 1 e/ o 9y
IHB3910A1 P-Value ¥A1UNINUY 0.000 EIUATUBDYLUDINYUNUA & FIUAUNINY 0.05 ‘1/111??
9
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U q
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1119991091 P-Value IA 1111 0.029 Gaiiadveriioiiounual o Felinuniny 0.05 111
doyamivayulaineasidiuvesnedonauriannunuiniugeaons lifgaaldauaz
a 2 = ' 1 wa <3 = Y a R 1 a
gungiilunsyugliinadeniduiianiuuiussdsvesiagdailsznounsal luduans
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Two-way ANOVA: Tensile strength versus temperature, HDPE:wood

=]

s O 0O b B P

55 MS F P
251.52 125.761 850.54 0.000
2094.23 523.557 376€6.91 0.000

Source
Tcemperacture
HDPE :wood

Interaction 26.11 3.263 2.35 0.029
Exrror L] 83.34 1.389

Total 7 2455.20

s = 1.179 R-S5g = 96.61% R-Sg(adj) = 95.81%

= a J Y
sUn 4.7 MINAUATIZHAIY ANO

Rl
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% Elongation at break

Tensile modulus (MPa)
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A13199 4.2 NANINATOVUITIAINTAALATUTZ AU

Temperature Tensile strength Tensile Elongation at
No. s HDPE:Wood

O (MPa) Modulus (MPa) break (%)

1 100:0 25.76+0.39 892+23 112.43+1.20
2 50:50 23.92+0.83 2173+44 1.76+0.09
3 60:40 26.36+0.51 2107+£30 2.114+0.39
4 o0 70:30 28.00+0.5 1704+57 2.61+0.17
5 80:20 28.444+0.66 1535+13 4.07+0.43
6 90:10 29.37+0.85 1380+86 8.05+0.68

7 100:0 25.15+0.82 886+18 109.26+1.10
8 50:50 26.26+0.93 2642456 6.04+0.27
9 60:40 27.53+0.31 2434472 6.97+0.79
10 i 70:30 28.34+0.77 2011484 8.15+0.42
11 80:20 29.23+0.52 1873496 8.79+0.76
12 90:10 30.95+0.48 1621+23 9.04+0.34

13 100:0 26.88+0.64 904+34 105.47+1.35
14 50:50 22.22+0.68 2049+87 3.78+0.85
15 60:40 23.28+0.88 1972456 3.45+0.26
16 20 70:30 23.77+1.14 1570428 4.14+0.94
17 80:20 24.04+0.88 1435+32 4.574+0.78
18 90:10 27.6+1.28 116766 7.32+1.11

423  HAMINAAOUNIINA (Flexural test) n3al iAnasUszau
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Flexural Strength (MPa)

Flexural modulus (MPa)
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Temperature Fluxural Modulus
No. ) HDPE:Wood | Fluxural strength (MPa)

(O (MPa)
1 100:0 20.03+0.44 603+26
2 50:50 23.23+0.86 1872+75
3 60:40 25.59+1.02 1466+34

160
4 70:30 25.87+1.08 1281+57
5 80:20 34.344+1.95 940+88
6 90:10 37.9+1.15 920+29
7 100:0 21.12+0.6 589+36
8 50:50 26.12+0.97 2103+67
9 60:40 29.52+1.18 1970491

180
10 70:30 30.16+0.87 1321448
11 80:20 36.69+0.98 1175+86
12 90:10 39.25+0.79 861+51
13 100:0 20.58+0.33 614+48
14 50:50 22.94+1.15 1480+65
15 60:40 24.06+0.86 1275+12

200
16 70:30 24.2+1.4 1118+96
17 80:20 32.05+1.69 966+84
18 90:10 36.5+1.10 848455

4.2.4 Nﬁﬂ]i‘nﬂﬁ@ﬂ!!’iﬁﬁﬂ (Flexural strength) ﬂiﬁ!ﬁﬂl@niﬂiz%ﬂu
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Flexural Strength (MPa)

Flexural modulus (MPa)
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Temperature Fluxural Modulus
No. s HDPE:Wood | Fluxural strength (MPa)
(O (MPa)
1 100:0 20.03+0.44 603+26
2 50:50 40.17+0.55 2312451
3 60:40 40.87+0.80 2149+77
160
4 70:30 42.07+0.72 2058+26
5 80:20 43.71£0.80 1974461
6 90:10 45.25+1.45 1752420
7 100:0 21.12+0.6 589+36
8 50:50 41.19+0.98 2448476
9 60:40 42.23+1.14 2195494
180
10 70:30 43.84+1.6 2103448
11 80:20 45.52+1.56 1988+67
12 90:10 47.724+0.94 1681+£18
13 100:0 20.58+0.33 614+48
14 50:50 39.58+0.88 2254485
15 60:40 40.47+0.73 199648
200
16 70:30 40.69+1.23 1621£72
17 80:20 41.14£1.10 1218+58
18 90:10 42.91+1.43 966+43
42,5  ANUUTNIINTZUNN (Impact strength) N3 lANTIUsTan
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Tempera Impact strength (kJ/m’)
HDPE:
No. ture
. Wood 1 2 3 4 5 Mean | SD
)
1 100:0 10.571 | 10.000 | 13.714 | 10.000 | 8.571 10.571 | 1.906
2 50:50 3.857 4.286 | 3.571 | 4.429 3.857 4.000 | 0.350
3 60:40 4.286 4.143 | 4.286 | 4.429 4.857 4.400 | 0.275
4 190 70:30 4.857 4.143 | 4.956 | 4.286 4.943 4.637 | 0.391
5 80:20 6.857 7.314 | 6.972 | 8.571 8.934 7.730 | 0.957
6 90:10 8.857 9.143 | 9.714 | 8.571 8.571 8.971 | 0.478
7 100:0 12.571 | 12.857 | 12.857 | 10.000 | 13.143 | 12.286 | 1.294
8 50:50 4.571 4.143 | 4.429 | 3.857 4.857 4.371 | 0.386
9 60:40 5.714 4.286 | 4.286 | 4.000 5.000 4.657 | 0.697
10 0 70:30 6.571 7.286 | 8.429 | 7.429 6.857 7.314 | 0.710
11 80:20 9.571 9.143 | 7.714 | 8.857 7.143 8.486 | 1.018
12 90:10 10.571 | 8.857 | 9.714 | 10.000 | 8.857 9.600 | 0.745
13 100:0 13.143 | 13.714 | 10.857 | 10.000 | 10.857 | 11.714 | 1.616
14 50:50 0.786 0.571 | 0.857 | 1.429 0.932 0.915 | 0.317
15 60:40 1.557 1.429 | 0.857 | 1.714 1.429 1.397 | 0.324
16 200 70:30 2.857 2.429 | 2.571 | 2.357 2.571 2.557 | 0.192
17 80:20 3.143 2.700 | 2.429 | 2.857 2.857 2.797 | 0.261
18 90:10 3.143 3429 | 2.857 | 2.857 4.000 3.257 | 0.478
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Tempera Impact strength (kJ/m’)
HDPE:
No. ture
. Wood 1 2 3 4 5 Mean | SD
)
1 100:0 10.571 | 10.000 | 13.714 | 10.000 | 8.571 10.571 | 1.906
2 50:50 3.857 4286 | 4.286 | 2.857 3.429 3.743 | 0.609
3 60:40 4.857 4286 | 4.571 | 4.143 4.286 4.429 | 0.286
4 190 70:30 10.857 | 11.429 | 8.571 8.286 8.857 9.600 | 1.437
5 80:20 11.429 | 12.000 | 12.000 | 12.857 | 8.571 11.371 | 1.646
6 90:10 11.429 | 11.429 | 11.429 | 12.000 | 10.857 | 11.429 | 0.404
7 100:0 12.571 | 12.857 | 12.857 | 10.000 | 13.143 | 12.286 | 1.294
8 50:50 5.857 6.000 | 8.571 6.286 6.000 6.543 | 1.145
9 60:40 8.857 9.714 | 8.286 | 6.857 7.714 8.286 | 1.088
10 10 70:30 9.429 | 11.143 | 7.714 | 10.286 | 10.286 | 9.771 | 1.300
11 80:20 12.000 | 12.143 | 11.143 | 11.714 | 11.429 | 11.686 | 0.409
12 90:10 17.429 | 17.143 | 17.143 | 18.857 | 20.286 | 18.171 | 1.379
13 100:0 13.143 | 13.714 | 10.857 | 10.000 | 10.857 | 11.714 | 1.616
14 50:50 1.714 1.143 | 0.857 1.429 0.286 1.086 | 0.550
15 60:40 1.714 1.429 1.429 1.429 1.429 1.486 | 0.128
16 200 70:30 1.429 1.714 | 1.429 1.429 2.000 1.600 | 0.256
17 80:20 3.429 2.000 | 4.571 | 2.857 3.143 3.200 | 0.935
18 90:10 4.286 4.000 | 4.286 | 4.143 3.714 4.086 | 0.239

427  aNUNURI (Hardness) n3al l@nansdszany
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a a a [} 1 1 < @ a
aslunednauriaanuruuiuge JselimanundwesiagdalsznouTagsu

L TN
50 A
o
1 s0c
o == == EE
==
40 - ), =+
a
g
2
) 30 -
g
=
=
= i
= 20
10 A
0 - T T " T T T
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Tempera Hardness (Shore D)
HDPE:
No. ture
. Wood 1 2 3 4 5 Mean SD
(O
1 100:0 38.189 | 39.134 | 37.087 | 37.087 | 38.425 | 37.984 | 0.890
2 50:50 44,882 | 44.094 | 43.701 | 43.307 | 43.307 | 43.858 | 0.659
3 60:40 42913 | 41.339 | 42.913 | 41.339 | 40.945 | 41.890 | 0.948
160
4 70:30 42913 | 42.126 | 39.370 | 40.157 | 40.157 | 40.945 | 1.499
5 80:20 | 39.764 | 41.339 | 40.551 | 40.945 | 39.764 | 40.472 | 0.704
6 90:10 40.157 | 40.157 | 40.945 | 37.402 | 38.976 | 39.528 | 1.381
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A1519% 4.7 anuudsrinsal llmuansilseny (79)

Tempera Hardness (Shore D)
HDPE:
No. ture
. Wood 1 2 3 4 5 Mean | SD
)
7 100:0 38.898 | 36.850 | 39.291 | 36.850 | 38.740 | 38.126 | 1.182
8 50:50 44.882 | 44.488 | 45.276 | 44.488 | 43.307 | 44.488 | 0.737
9 60:40 43.701 | 42.913 | 43.307 | 43.701 | 42.913 | 43.307 | 0.394
10 i 70:30 42913 | 43.307 | 43.307 | 42.913 | 43.701 | 43.228 | 0.329
11 80:20 41.339 | 41.732 | 40.945 | 41.732 | 41.732 | 41.496 | 0.352
12 90:10 40.520 | 41.732 | 40.126 | 41.520 | 40.339 | 40.847 | 0.728
13 100:0 35.827 | 32.441 | 32.677 | 30.472 | 38.268 | 33.937 | 3.088
14 50:50 40.945 | 42.520 | 43.307 | 41.339 | 43.307 | 42.283 | 1.100
15 60:40 40.945 | 40.551 | 40.157 | 39.370 | 40.157 | 40.236 | 0.584
16 20 70:30 40.157 | 40.157 | 40.551 | 38.189 | 37.008 | 39.213 | 1.540
17 80:20 38.976 | 37.402 | 38.583 | 37.008 | 35.827 | 37.559 | 1.264
18 90:10 39.370 | 36.220 | 38.583 | 36.220 | 36.614 | 37.402 | 1.473

42.8 ANUUTIAI (Hardness) nsaaNasdsyany
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Tempera Hardness (Shore D)
HDPE:
No. ture
. Wood 1 2 3 4 5 Mean SD
O]
1 100:0 38.189 | 39.134 | 37.087 | 37.087 | 38.425 | 37.984 | 0.890
2 50:50 | 44.882 | 44.094 | 43.307 | 43.701 | 44.882 | 44.173 | 0.704
3 60:40 42.126 | 43.307 | 43.701 | 43.307 | 41.339 | 42.756 | 0.988
160
4 70:30 | 40.551 | 43.307 | 40.551 | 39.764 | 39.370 | 40.709 | 1.540
5 80:20 | 42.126 | 39.764 | 41.339 | 38.976 | 39.370 | 40315 | 1.352
6 90:10 | 39.764 | 40.157 | 40.157 | 39.370 | 39.764 | 39.843 | 0.329
7 180 100:0 38.898 | 36.850 | 39.291 | 36.850 | 38.740 | 38.126 | 1.182
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Tempera Hardness (Shore D)
HDPE:

No. ture

. Wood 1 2 3 4 5 Mean SD

(O
8 50:50 46.457 | 47.244 | 49.213 | 45.669 | 46.457 | 47.008 | 1.352
9 60:40 43701 | 45.669 | 44.488 | 44.882 | 45.276 | 44.803 | 0.757
10 180 70:30 44,882 | 45.276 | 43.307 | 42.913 | 42913 | 43.858 | 1.134
11 80:20 43307 | 43.307 | 43.307 | 43.701 | 44.094 | 43.543 | 0.352
12 90:10 40.945 | 41.339 | 40.945 | 40.157 | 39.764 | 40.630 | 0.647
13 100:0 35.827 | 32.441 | 32.677 | 30.472 | 38.268 | 33.937 | 3.088
14 50:50 43701 | 41.732 | 42.913 | 42.520 | 43.307 | 42.835 | 0.757
15 60:40 42.520 | 39.370 | 42.126 | 41.339 | 40.157 | 41.102 | 1.323

200
16 70:30 | 38.583 | 37.402 | 41339 | 39.370 | 40.157 | 39.370 | 1.499
17 80:20 | 37.795 | 38.583 | 38.189 | 40.157 | 39.764 | 38.898 | 1.019
18 90:10 37.795 | 38.583 | 38.583 | 39.370 | 38.976 | 38.661 | 0.584
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Temperature HDPE Melting HDPE Decomposition
No. HDPE:Wood
o) Temperature (°C) Temperature (°C)
1 50:50 134 412
2 60:40 133 432
3 160 70:30 135 443
4 80:20 138 449
5 90:10 136 431
6 50:50 134 439
7 60:40 134 435
8 180 70:30 134 443
9 80:20 136 427
10 90:10 136 436
11 50:50 133 419
12 60:40 134 423
13 200 70:30 134 449
14 80:20 136 429
15 90:10 137 434
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Temperature HDPE Melting HDPE Decomposition
No. HDPE:Wood
o) Temperature (°C) Temperature (°C)
1 50:50 136 444
2 60:40 133 432
3 160 70:30 135 396
4 80:20 138 449
5 90:10 136 431
6 50:50 136 421
7 60:40 135 437
8 180 70:30 136 397
9 80:20 136 415
10 90:10 138 433
11 50:50 133 436
12 60:40 134 445
13 200 70:30 135 451
14 80:20 136 434
15 90:10 136 429
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Eucalyptus wood — HDPE

Mechanical properties Commercial wood plastic
composites
Hardness (Shore D) 40.630+0.647 66.863+1.10
Flexural strength (MPa) 47.72+0.94 62.59+1.74

Impact strength (MPa) 18.171£1.379 8.32+0.03
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Two-way ANOVA: Flexural strength versus temperature, HDPE:wood

Source DF
temperature 2
HDPE :wood 4
Interaction 8
Error 60
Total 74

SS MS F P
.52 125.761 90.54 0.000
.23 523.557 376.91 0.000

.11 3.263 2.35 0.029
.34 1.389
.20

S =1.179 R-Sq = 96.61% R-Sq(adj) = 95.81%

A <3 = =~ 1 a
317 1.3 uaAIm5 19 ANOVA Anuudianssaansdl iduasilsyenu
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Probability Plot of Tensile strength
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Two-way ANOVA: Tensile strength versus temperature, HDPE:wood

Source DF SS MS 15 P
temperature 2 242.385 121.193 194.48 0.000
HDPE :wood 4 219.031 54_758 87.87 0.000
Interaction 8 18.167 2.271 3.64 0.002
Error 60 37.390 0.623

Total 74 516.973

S =0.7894 R-Sq = 92.77% R-Sq(adj) = 91.08%
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Residual Plots for Flexural strength
Normal Probability Plot Versus Fits
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Probability Plot of Flexural strength
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Two-way ANOVA: Flexural strength versus temperature, HDPE:wood

Source DF SS MS F P
temperature 2 251.52 125.761 90.54 0.000
HDPE :wood 4 2094.23 523.557 376.91 0.000
Interaction 8 26.11 3.263 2.35 0.029
Error 60 83.34 1.389

Total 74 2455.20

S =1.179 R-Sq = 96.61% R-Sq(adj) = 95.81%
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Residual Plots for Flexural strength
Normal Probability Plot Versus Fits
99.9 °
991 2 o° ° .
° ° °
= 97 - 1 ®e o o oo °
€ [ e 8 o s
S S or>-ge b ° . . .
E 3 ° ’:.‘ .. !
101 x -1{ e oo.. e o © e
[ ] [ ]
11 2 °
[ ]
0.1-+ T T T T T T T T T
-4 -2 0 2 4 40 42 44 46 48
Residual Fitted Value
Histogram Versus Order
201 24
~ e |
g 15 3 1
S S o
o 101 )
(0] 0]
s M= =i
5.
— . -
-2 -1 0 1 2 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Residual Observation Order

{ o < [
Eﬂﬁ n.10 ﬂ'iTV\ILlﬁﬂQﬂ'liﬁi'ﬁlﬁ@ﬂﬂj'lngﬂﬁjﬂ\jsll@ﬂﬁjllﬂﬂ AITULLUILLIIAR

A A
nsaaNansseau

§y a < a
Wennsananuiludaszvesteya Tasg1nns 19 Residuals versus the order of
[ 1 [ 9 3 1 [P Y d‘ A 49! =
the data (mwm)Wuamﬂymwaway’mﬂmmuqn "laJmmﬂunmzmumuwiaaﬂm

2 A Y1 9 a I a
G]N‘Wﬁ]ﬁmﬂﬂﬂﬂlﬂu‘.ahﬂ’ﬂmﬂuﬂﬁiz

a (2

Wiﬂiﬂﬂfﬂ‘iﬂﬁ%%Wﬂ@l’JﬂJﬂ\iﬂT@HﬁiﬂﬂﬂiWN Histogram of the residuals (ﬂl%‘icfhﬂ)

< Ty AN o 9 a A Yo @ 9 £ o
ﬂzlﬂu'ﬂ"llﬂilﬂllﬂﬂ‘ﬂﬂ!giﬂﬂﬂﬂﬁ LWE)GlmJuﬁli]Glum’a‘ﬂﬁzmammawayammm‘iﬂﬂﬁau

U

[V ~ % { I 1
Normal probability #3317 n.11 #ens 1 latiuur Tdudwduaswaasndoyalinisnszae

U

v
=~ [ v o

A1 Normal eg1aiiiodayNszauiadinn 0.05 naziiioN1581n31v Residual versus the

o
(%

fitted values 31 1.10 U121 WuNToyalianyuznszatealtod luuuaReINUADNAINAY

U

° ] 4
wlsainauesoungud



116

Probability Plot of Flexural strength
Normal - 95% CI
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Two-way ANOVA: Flexural strength versus temperature, HDPE:wood

Source DF SS MS F P
temperature 2 123.524 61.7622 50.35 0.000
HDPE :wood 4 229.523 57.3807 46.77 0.000
Interaction 8 22.739 2.8424 2.32 0.031
Error 60 73.606 1.2268

Total 74 449.392

S =1.108 R-Sq = 83.62% R-Sq(adj) = 79.80%
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Residual Plots for Impact strength
Normal Probability Plot Versus Fits
99.9 °
991 14 ] e e
° ® L
90 — [ °
g [ ° o® H ° °
g S L 8 e gt . ‘o
o 0 5 L] ‘Q ° o8 ®
o e . ° oo o,.8 o ® o
101 o 0‘ Y [ ]
1 o 1° 1
[ ]
0.1 T T T T T T T T T
-2 -1 0 1 2 0.0 25 5.0 7.5 10.0
Residual Fitted Value
Histogram Versus Order
20 14
g 15 — T
2 —
%— 10 é °
o ) Q
th_ [
-1.2 -0.6 0.0 0.6 1.2 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Residual Observation Order

A (% <
?jﬂ‘ﬂ n.13 ﬂﬁﬁ/‘lllﬁ@\?ﬂ'ﬁ@igﬂﬁﬂﬂﬂj'lmgﬂﬁl@\ﬂlﬂ\wnllﬂﬂ AITULLAUNLLIINTSLND

asal lu@uasdsyanu

4 a I a
Lﬁawmimwmmmuammm%}eyja Tﬂ&lg}iﬂﬂﬂiﬁ/\l Residuals versus the order of
' T W 9 < ' = Y A A X A
the data (mwm)Wmmﬂymmawayjmﬂmmuqu ulumn,uﬂuumgmmumaaﬂm

L2 a Y1 Y =1 I a
m‘wmimﬂmwagaummgﬂuﬂﬁiz

a (2

°INi]1iﬂ!1ﬂ15ﬂi$i]181@1’3ﬂl@ﬁﬂgljﬂu”aiﬂﬂﬂi1w Histogram of the residuals (a'NGf’hEl)

< T 9 A o 9 A A Y % 9 = o
wiruNveyalanyas Iavlna e lviulalumsnszaedivestoyadsiinisnadey

U

o 4 X d‘ d 1 =\
Normal probability #9317 n.14 #4n5 1A latuur Idudluduesawansndeyalimsnszae

U U

v
= [ @ o

A2 Normal ogniieddgynszauiodidn 0.05 uaziloW1591n51v Residual versus the

[

fitted values 31 1.13 U121 WuNToyalianyaznTzeAI9g UL ARLINUADTIAINAY

U

° ] 4
wlseinavesougud



119

Probability Plot of Impact strength
Normal - 95% ClI
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Two-way ANOVA: Impact strength versus temperature, HDPE:wood

Source DF SS MS F P
temperature 2 309.492 154.746 487.08 0.000
HDPE :wood 4 193.799 48.450 152.50 0.000
Interaction 8 33.808 4.226 13.30 0.000
Error 60 19.062 0.318

Total 74 556.160

S = 0.5636 R-Sq = 96.57% R-Sq(adj) = 95.77%
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Residual Plots for Impact strength

Normal Probability Plot Versus Fits
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Probability Plot of Impact strength

Normal - 95% CI
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Two-way ANOVA:

Source

temperature

HDPE :wood

Interaction

Error
Total

S = 0.9295

DF SS
2 963.15
4 545.12
8 173.40

60 51.84

74 1733.51

R-Sq = 97.01%

MS F
481.576 557.41
136.281 157.74

21.675 25.09
0.864

R-Sq(adj) = 96.31%

Impact strength versus temperature, HDPE:wood
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Residual Plots for Hardness
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Probability Plot of Hardness
Normal - 95% CI

99.9

Mean 41.12
Sthev  2.270
997 N 75
AD 0.764
95 P-Value 0.045

90

80
70
60
50
40
30

Percent

0.1 T T T T
35 40 45 50

Hardness

~ S Aa "TAa
57 n.20 n319uaas Normal probability A11uude@angdl lumuasdsza

Two-way ANOVA: Hardness versus temperature, HDPE:wood

Source DF SS MS F P
temperature 2 140.855 70.4275 69.82 0.000
HDPE :wood 4 171.690 42.9225 42.55 0.000
Interaction 8 8.181 1.0226 1.01 0.436
Error 60 60.526 1.0088

Total 74 381.252

S =1.004 R-Sq = 84.12% R-Sq(adj) = 80.42%
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Residual Plots for Hardness
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Probability Plot of Hardness
Normal - 95% CI

99.9

Mean

StDev
99 1
AD

95 P-Value

41.90
2.559

75
0.867
0.025

90

80
70
60
50
40
30

Percent

T
30 35 40 45 50
Hardness

P~ iy < A S A
3109 n.23 A319UEAT Normal probability AMUAIRINTAANAITUTE AU

Two-way ANOVA: Hardness versus temperature, HDPE:wood
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Abstract

The purpose of this research was produce and study composites material from eucalyptus wood
and high density polyethylene (HDPE) to increase the value of excessive material which could save
resource. eucalyptus wood was combined with high density polyethylene from waste drinking water
hottles and high density polyethylene grafted maleic anhydride (HDPE-g-MAH) was used as an additive

for a compatibilizer at various weight ratios of HDPE and eucalyptus wood which were 50:50 60:40 70:30
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80:20 and 90:10. The mixed materials were manufactured by a hot compression method at temperatures
160 180 and 200 celsius pressure 150 bars. Investigated effect of compatibilizer and the mechanical
properties of the composites material according to the American society for testing and materials (ASTM)
method, consist of tensile strength, flexural strength, impact strength and hardness. Each standard used 5
specimens. The experimental results were found that tensile strength, flexural strength and impact
strength were increased by the ratio of HOPE and forming temperature which increased. The best tensile
strength, flexural strength and impact strength of composites material was 90:10 at 180 Celsius. At 200
celsius that was too high to manufactured the result at 200 celsius composites material was deteriorate.

The best hardness was 50:50 at 180 celsius and the experimental result was found that the compatibilizer

was improved the mechanical properties of the composites material.

Keywords™ mechanical properties, composites material, eucalyptus wood, high density polyethylene
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