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51402245 : MAJOR : POLYMER SCIENCE AND ENGINEERING

KEY WORDS : WOOD HDPE COMPOSITE/PHOTODEGRADATION/DELIGNIN/DYEING
AWAT SIRISUKPAIBUL : PHOTOSTABILITY OF DYED WOOD / HDPE COMPOSITE.

THESIS ADVISORS : ASST.PROF.NATTAKARN HONGSRIPHAN, D.ENG. AND

ASST.PROF.PAJAERA PATANATABUTR, Ph.D. 95 pp.

This research investigated the photostability of dyed rubber wood / HDPE
composite for use in outdoor applications. Two types of synthetic dye (direct dye and reactive
dye) and a natural dye (from sappanwood) were used to dye wood flour. Before dyeing, wood
flour was bleaching and removing lignin by acid chlorite treatment in order to increase dye
absorption. Delignin wood flour was dyed in upper 60% absorption ratio of original dye
solution. Wood composite was prepared by melt blending of HDPE (40 wt%) and wood flour
(60 %wt) using 10 phr of maleic anhydride graft HDPE (MAPE) as a coupling agent. Wood
composites were injection-molded into specimen, and then placed outdoor in glass box for
sunlight exposure in 3 months. Photodegradation of weathered specimens were
characterized by FTIR, contact angle, TGA, DSC and SEM. Color change of weathered
specimens was measured with CIE Lab system and mechanical properties of specimens
were determined. It was found that color of original (WPE) and reactive dyed (RT-WPE)
specimens were faded more than those of direct dyed (DR-WPE), sappan dyed (SP-WPE)
and delignin specimens. Direct dyed and sappan dyed had higher thermal and mechanical
properties when compared with delignin wood while reactive dyed had lower. Contact angle of
specimens of treated wood was much lower than specimens of original wood. All specimens
increased in crystallinity and SEM micrographs show cracks on wood and HDPE surfaces. In
this research, wood composite with sappan dyed wood has the highest photostability.
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1.43.6 nagouauliAFInauesidanounodanousUUAILAA Ialn Tensile test
1Az Flexural test AWIIATFIU ASTM D638 1Az D790 awdey  Anwmvmgilassu c-H
{ 4 - 1 4 a 9 { - 1
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o Y a v A Q,; o a d'd?} Yy 9 A
Suuaaaa @remaila FTIR Jadveaduanuiagaounadnniugluainienieq Color reader
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= Y oy o dy Y A 1% a 9 A =<
ED8TNMNNANVITOULAZINNWINURIVN NI ARV TARNOUNDANAIBINANA TGA ANK
auian1eAN3ou (% Crystallinity) YoeidanouNDAAA0MATLA DSC NATOUANINEINITD
Y Y
lumsAlenfmanremihvesrunuiagnounodnainnmsian Contact angle UazANEING
niz1eA1veIn 1 luTaaneunedadematia SEM
v 9
1.43.7 Anvidsoninaveudumaiigoduiiavesiagaouneda  TasihFuau
[V a o 1 9 o a J d A a [
Tagnouwoda lsuudwaalunassouuianasnuuasorniag una 3 Wouaanenu lag
{ 3 o [ vAa A o v ° o
NzinudredmageuauiaFing JaduazinA1 Contact angle 09 1 1HoU 115N
NAAOU FTIR, TGA, DSC tiag SEM 3 NAA0UIMWIZABULALHAINITTLLAIAN 1agNN9 N3
nageURUTUIRLIRUIVON 1.4.3.6
144 ANTILHNANINAGDA
1.45 a3Unansdve
1.4.6 510TUNANITIVY
1.4.6.1 tauawanulugiuuusienu

1.4.62 wounswanuiveluguonlaaes
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2.1 anudmliifeanuliensmns [1o]

Y < 9 YA Y AA o a a Y a ~
AUYNNII Lﬂu@lu"laJﬂu@umummﬂmnm’qummweu ﬂﬁglﬂﬂ‘lﬁVﬁa Llﬁglﬂg ‘VI'J‘]J

a g 1 4 1 < 1
asmId Tasyfiwdiouiondt agiga (Caoutchouc) uilandnlddeqld (u'ldeglueana
k4

(Genus) Hevea az9¢ (Family) Euphorbiaceae a33fiined lufosndn 10 ¥iia N¥ena

L1l

4
a S o . e . . .
Means a9l Hevea benthamiana, Hevea brasiliensis, Hevea collina, Hevea quianensis,
Hevea confuse, Hevea pauciflora, Hevea spruceana, Hevea microphylla, Hevea nilida, Hevea
. . A a A 9/:’ aA A . . £ & Aa
quianensis 1azdu ¥uanlmieaunuazangane Havea brasiliensis Guiluniisuilgnlu

v 9 v
Uszins Ineuazdszmalndifies matgnensmnsluldsemalnesuiiuszninegl 2442-2444 0

[ [

@ [ a J a v A a dy 1 FY 1 o
widaase lag Wi%m‘i‘ﬂ{]ﬂgﬂigﬂ‘ﬂﬁ UNAINNA (ADHUU DU TTUDI) @mm"lﬂuwwma”lﬂm

dy A 9 [ [
1

{1 9. 9 Y
NUNHMA LA NIAASIUDDN uaxm’qwﬂizmm 7-8 ?J ﬁNmmhl@ﬁmiﬂgﬂmmaﬂumﬂ

[

o 2 A S A a2 o A
aziuoonieunile  Jagilszasananvesmsilgnensmisinmoniathens llienauduive
o ] A g dgl o Y 091 Y £ o o 1 Qy A ] 1
e WedueeguInIy liheiesassaimsde lauuazwnanelgning ue
Hagiiuldanthiidsmnamadesas  waziinsgnmigaatathmli ldersmsldsuanu

9 o i o g Ia Za 1 o
aulvnniu Tagmwizmath lulsgiieduilumesinesnldlumsdeesn ¥lerams

I A a Ao o VoA [ 1 9 1 ) Y
lﬂu%l‘lﬂﬁﬁ'ﬂﬂﬂi]ﬂﬁTﬂﬂJ@fﬂﬂﬂﬂ INNITAITIINUN "lllfmmﬁ 1 lli mm’iammuﬂigﬂ“lﬂ

]
9

d' 3 ] a d‘ 1Y Qld' d A 7Y
DAY 20.64 aL.wAT NITuAMWAMATAMAesIazanbuzyed 10N Tsanumlestinesdoans
) S YA o o ¥ A A o v Y o
Ifoemsuiluldnfidnsazdaunay gahunans nldendmar vosneaunidasy
= 1 3/ Y I 9 v W . dy Y A
U018 (Latex Vessel) @onuiiluigguuuiduduia (Tangential) tilo 195Fu10u
A A an A Y dy dal =) [~ o =
mdeuloda tazaziidvvuieuds iwenmuihunais ideunseserd) lumiuga tanw
Y v Y
WUMUUNUFIY (Basic density) 0.56-0.65 NSW/a1.%4. dIMSUNANUFY 15% Ianumuuiy
@ wva a d oy o
Usznm 0.67-074 nswavsy. auiamuaiivedldersmsias Aniludosazvoaimiin
9 @ [ {
punialsznoudIe d1sunsn (Extractives) 13.28% (dwmsvasunsnutiailuaisieninsa
Y
azaneluniisan 10.36% nazazaie I luaisazaiesiu 23.24%) waglad (Cellulose) 50.63%

(Holocellulose 78.72%, Alpha cellulose 49.41%) i Taau (Pentosan) 17.17% ANty (Lignin)

E4
v A

Y J 1 = @ 4
18.06% 4azin (Ash) 0.86% Iﬂﬂﬂiﬂﬂi%ﬂ@UﬁNﬂ ynanbaaly



2.1.1 twaglag [11]
I 4 @ 9 = 1 gl . . A 1
wag lacluesndsznounanvedldl Taeliniited (Repeating unit) ADNUIBVDI

v 1
11918 2 @7 (D-glucopyranose units) WouRDNUAIBW TS B-(1—4)-glucosidic bonds Tawil
AURAGVDY Degree of polymerization (DP) 151181 10,000 Tutanaveayag laddaizeediny

1 =Y z 1 1 ) Y [
nuugulaefinuse lalasnuninmelutazseninaelsluana Hildanuvuuniuvesdis

TofTuanage anuiuwaniunnilszuna 65 %

H
H H
OH
HO

0
CH,0H !
H

] 9
NN 3 waasmidesvedsag lad [11]

2.1.2 1gfiwaglaa

a 3 { o 9 g
wiag laefwyagTaandaGesdn liiflusziboy  (Amorphous)  1lszneudie

]
A o

' J J A Y] o A A ~
UUIYEIVDIUINAUFOUNUAWNUTE B-(1—4) UATUNINNUTE (1—2), (1—3) 30 (1—6) U

1 o = 4 v d 3’ [ dy
M DP  @nlszanm 100200 WesAdszneuvianiuiiigiadell  D-xylopyranose, D-

glucopyranose, D-galactopyranose, L-arabinofuranose, D-mannopyranose, D-
9

glucopyranosyluronic acid i8¢ D-galactopyranosyluronic acid ﬁ1ﬁ§ﬂﬁ1ﬂ1a%ﬁﬂ§uﬂ wuld
a g’ 1 A 1 o dJ
oy 1eiag ladlsznoudiethmaunnil 1 wila vyunuingy Acetyl- uag Methyl-
{ [ 1 4 091 a a
fITWﬁ 4 Llﬁﬂ\W]’J’E]EJNq@'iIﬂi\iﬁ%)NGU’E]\‘liJﬂi‘!ﬂmﬂiuWﬂﬁUN%uﬂiul%ﬂl“]ﬂﬁgiﬁﬁ
A [ a a 2 Aa ] [
MWA 5 O-methyl-glucuronoxylan  1iuaiiisag lagytianianyaie Isvan
[ ] 4 1 o ] §
(Backbone) (I U309 D-xylopyranose FoNADR8WUEE P-(1—4) uaziiny Acetyl
4 ) ] {
ﬂW‘iUfJH@WLLWuQﬁ 2, 3 U Xylose
2.1.3 aniu

a a 1 [~ Y]
antullaseaden ludhusadeoy  Janusudeou  Usznoudielaseaiieeszls

B
AA o 1

a < @ : o ]
11ANYOY Phenylpropane HUHANFIEMNTOUNUNTARWHUN 0, B, 30 ¥ LAZTINAUDIAID
@ = 4 4 J a a 9
NUTEANBT (C-O-C) tazmIivusu-asusu (C-C) aﬂuuﬁWNTiflllfJﬂ‘l]i%!ﬂﬂulﬂﬁﬁ']ﬂqijﬂlmﬂ

1A A 1 J 9 = o 1% 9/ dy J 7 Y
wanHennouUsnvenlsenavvesInseasanianil ﬁWﬁiUhliJlu’é)@ﬂuilﬂﬂigﬂfJUﬂ’Jﬂ

Y
Coniferyl alcohol 56N Guaiacyl lignin & W fiteudainiszneudae Coniferyl g sinapyl
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Y
%

1 a a % = Y] n’g { { {
alcohols 92138n71 Syringyl-Guaiacyl lignin anHuuNoINFUNIIEAATUN 2 HazwINgan

Y 1
NANGY NN 6 uaagas Inseds enelivesasustiauesaniiv

B-D-Glucose B-D-Mannose
f8-D-Glucopyranose B-D-Mannopyranose
B-D-Glup B-D-Manp

H H
H _0
OH OH
HO \ OH
H H
H
B-D-Galactose B-D-Xylose
B-D-Galactopyranose B-D-Xylopyranose
B-D-Galp 8-D-Xylp
H OH H H H H
—0 GooH .0
CHO o
HOH,C OH HO \ OH
H OH H H H
a-L-Arabinose 4-0-Methylgucuronic acid
a-L- Arabinofuranose 4-0-Methylglucopyranosyluronic acid
a-L-Araf 4-0-Me-a-D-GlupA
A s J A ¢ -
NNN 4 Llﬂﬂﬁﬂ@u@LN@imﬂiuWﬁWﬁﬂLﬂu&‘lﬂﬂ‘i%ﬂﬂﬂﬂl@ﬂlﬁulcﬁﬁgiﬁﬁ [11]
H [+]
H L]
OCCH,
H o
H r°
Hon
H
I

AT 5 AIUNTUeIgAT In59a319 O-acetyl-4-O-methylglucuronoxylan [11]
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CHEIOH CH,OH CH,OH
[
CH CH cIH
I Il 1]
CH CH CH
OCH, CH,O OCH,
OH OH OH
1 2 3

NN 6 TATaasamaniveaaniiy (1) p-coumaryl alcohol, (2) coniferyl alcohol, and (3)

sinapyl alcohol [11]

2.1.4 a13UNIN
o d o 9 o o o
A15UNINVDINTI¥AaNNUTENaVAIY Vl"llllu ﬂiﬂvl"lmu NIALBDANDEIDT phenols,
. . . . a A LA = < Y =
terpenes, steroids, resin acids, rosin, waxes, HAZH1TOUNTYIDUS] DNIANUDEY Tﬂﬂmmmﬂwa

= A { s
Avd Nau uazmmwumumm"lﬁ NN 7 LLﬁﬂ\‘1QGIiiﬂiﬂﬁ%}%‘lﬂ%‘llﬂﬁﬂl@ﬁ@ﬁﬂﬂizﬂfJ‘UUN

FUAVDIAITUNT D
?H’ HC COH
e
e OH Vi
H,C ¥ NeH=CHS O |
:/ \=\
Hy OH CH,
CH, | 2
CH
2 CH,
3
1
HO
HOJ}}CO,H
10"

i 7 Taseaframanivesansunsnluled : (1) Abietic acid, (2) a-pinene, (3) Pinosylvin, (4)

Pineresinol, (5) Gallic acid, (6) a-, B-, 148 y-thujaplicin [11]
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2.2 Auazmsdond

2.2.1 wanmsfondnugiu [12]
M3dou (Dyeing) mmiaﬁﬂuﬁma"lﬁ’nﬂﬁmwgmssizﬁu% @ude Huf wse
Soundanndaiiudoiugs  dndinsfonansontaldidy  mafoumuns  (Exhaust
dyeing) uazmi%mmmﬁmﬁm (Continuous Dyeing) ﬁTijiﬂﬂGﬁU (Exhaustion) ¥ lums

o A "y 1y £ o 1 a A
UAPANTEAUUDINITANID YT %']ﬂ@'l\‘lﬂ’f]llulﬂf:(lﬁuslﬂ GIN%I,Lﬁmslugﬂ"llm’ﬂ@lﬂﬁﬂummﬁ PR

'
[ =

d‘ = (% = % a a A d‘d 1A [} 1 1 9 a
ﬁﬁ’ﬂu%gﬂﬂﬂ“ﬁﬂjﬂﬂﬂﬁﬂ WIﬂUﬂUﬂiMWﬂ!ﬁﬁﬁi’)ﬁﬁﬂM’ﬂgLﬂu 1061911 01 3/4 voUTIud

£
% 1 1

1 o o 1w 1 [ o [~ A A
doussdu gnasmielldidule sedumsgaduazniy 75% mszaumseaduguiudei

A3

9 9 Y a 2 Y A 9 ~ A
ﬁ@\‘]ﬂ']'iﬁluﬂ'ﬁﬂﬂn ﬂjﬂlﬁﬂWaTl'l\uﬁﬁyﬂﬂﬂllagﬁ\unﬂaﬂn IHDIINATYDUUITIAWNI - NITN
A oy L yyvg 1y = may Yy A 1 g9 o w e
N RLEREY T]Qlljﬁluﬂ'mﬂﬂllgﬂ\illllﬂllﬂ'l !Lagﬁa\uﬁﬂﬂ'IGI,G]ffl]']EJGlUﬂ'ﬁﬂ'ﬁ]@@f]ﬂfl]'lﬂu'ﬁ/]\i
2.2.2 !!‘U(l.lﬂo'laﬂx‘iﬂ]ﬁfal’f)u

Interface

Dyeing Medium

I

<«

Fiber

Dye Molecule, D

v

1 2 3

NN 8 LLﬁﬂ\‘iLLUU‘ﬁWa@Qﬂﬁf’Jj@N [12]

@ 1 o 9 = 1 1 [% ~ g’ 9

106190V UTIADINTIONTE1Y Aduaadlumng 8 GluuWEJf)iJﬂS‘lJﬁ$ﬂﬂ‘Ullﬂ
Y =9 o A 9 o A 3 A Y v 9
@asﬂmLaqammaﬂaummumﬂma mamiaaumluu"lﬂ muﬁaumawmquaﬂﬂmmin

1 I~ :II
113l 3 Junou Ao

=

o ay ] A A 9 A Aa Y a
VYUADUN 1 DU (Dye Molecule, D) ﬂfNLﬂﬂ@u%!m’]u’mﬂﬂﬂ?ﬂl@ﬁlﬁu% DITUYIN
Y Y

d’l v R A AaK v a a9 a 9 ] =29 a 9
ﬂlemimmaﬂuaﬂmumuﬂumummﬁﬂammwumﬁuia IHU ﬁa@mmmmzﬁinﬂizqmm

a9 <3| 3’ 9/ A o 9 9 A ' & o a =
ﬁﬂamﬂuaﬂumaau uazma‘mmiﬂamauslmlmmzm'a'luaau FINITAOIFUAIEUHY

U

=

o Jo A A ' 1 gl 9) A IS @ 09.: a =3 '
V\Iqﬂ%ummmﬂizqmﬂmaagiummwauwnammﬂuﬂm ANUU ﬂ%tﬂﬂl!iﬁﬂﬂ@ﬂﬁ%ﬂﬁlwﬁ
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A o

a Y 09.1’ A & o g a dy =\ =3 A { (%
Lgamﬂgtazlﬁuiﬂmﬂﬁaﬁ%uﬂmﬁi]mﬂml,ﬂmﬁul‘vdﬂmﬂm UINVINU DIIULUIIANANDUC) Nnan 2l

9 1 =2 A 1 g’ . . A o Yy 9y A a A 9
a8 1 u3easgan luweurh (Hydrophobic attraction) Mihlvddenreunvzegannnduly

VoA 1 ' g’ 9
MTﬂﬂ?TﬂﬂgﬂgiuﬂN‘HTﬂGN
3 A a A ay 9 a Aa Y <3| o ay a
VYUNDUN 2 mmmaﬁﬂamsumwwmmmuclmﬂummumﬂ LLﬁZIﬂJLaQaﬁﬁJ@Nﬁlgﬁﬂ

@ ' 3 A 1 a g vy a ] Y 9 ay
Qﬂ@ﬂ“ﬁﬂﬂﬂﬁi?ﬂ!’ilﬂi%ﬁ’ﬂﬂN’JLETHIEJLL@%’E]NEJE]ZJ 3JNa“l,wmmmmumawmmammﬂiu

Yy 9

Y a d? = ' ' Yy 9 9 Y o a
Lﬁuiﬂ!ﬂﬂll"mﬂlu LLﬂ%iJﬂ’JHJLLG]ﬂ@]Ni%ﬁ’JNﬂ’J”IiJHJ?J“IIW]Ji’NZ‘TEJ?J?Jﬂ"IfJUluLE‘Tu18 ‘V]ﬂ‘i’iﬁ’ﬂi’]illill

uws (Diffuse) Hudngidule

qu} ~ =¥ ] Yy 19 = dgl (Y a =\ Qs}l 9 ~ g;
YUPBUN 3 gaourmutngidule HIVUBYNUDTITNTIAVDIAUU wulenyeuiin

U

] a { I~ o [ 1
wu the auung Tuy Jalae s Tassadumelundug MldTuenavesddouunsidngidu

1 v W ! ' g’ v a J a J .
To1d 48 Tumandusdulen laveusii vy nedeanes (Polyester) Woate lud (Polyamide)

aa o = g vy oy & A1 gy 2w A Ay 2 o gy
pzAsan Iimagadmihduazdosadwiunieliluanavesddouaaouiin 11 i ldlae

D) Y A A Y 1 o q ¥ a J a A a
mﬂ%mmmumqmﬁﬂummmmJ VIWGlﬁIiJLﬁf]‘a"llfNW@mllﬂﬁlﬂﬂﬂ']ﬁlﬂ'ﬁf)uhl‘ﬂ"] UNTINYU

QU Q

Y v
Wuszlulaseahasazmatluiunnagdiddon wu dAansa (Disperse dye) tngitn 1l
wduleld

4 ay 4 Ay 9 v Ay Y o v Yy v
e Tuanavesddomnaouninldlwdule  madonszadroiusziudule’la

YR

3 9 = o a Y Bldua: A dy
‘ViﬁWElg”]JL!fU“U ﬂﬂﬂ’)ﬂﬂ’dllﬂﬂNLﬂ‘JJLLﬁ%‘ﬂNﬂWEJﬂ1W ‘ﬂﬂ“l’if:’fﬁlﬂﬁﬂﬂwslulﬁuslilulﬂﬂ"llu@’E)Ll‘VI 3U

=KX o

I z Aa 9 A 1 us/' z I 3 A o [ 9
Wudupouninasinga luszrindunsuiaug vIAluduADUNMHUADATINT TN
. . 9 d‘d = @ 9 a v Aa 9 Y A 1
(Rate of determination step) #8ouniinnuasganudulogs smzaadurndulelaa (Soni
Y
High substantively) Afondneszisszanvoimsimzaail daumsiagunimaeinsoaandlu
] ~ ' . I o o K ~ ay "y ° v o '
wwuleisonin Affinity Humsiandsdamilorvesddeunaduls duialdvnnmsiama
1 ' 1 v J = 29 Y @ 1 v d = =
ANULANANIEHINANNANANIMualvosddonlwduls  duanuandndmanivesdlu
oy 9 = ] I J A A o 1 . . A . . Y
Higoy Tﬂauwmmﬂugaammmaasmim 7171 Liquor-to-fiber ratio ¥i7® Liquor ratio 1%
v o ' 3 v 9 ' 3 3 = S v Aq Y
naasnNuFNusIznIahdoutazidule A1 Liquor ratio vilnedauiavestihdoun ldaena
o A 9 ' Sy N o B 9 Y a o . . 1w
voaTagngndey 1wy 1den 1 nlansu 14lunsdennn 0.1 ATansu A1 Liquor ratio 3£t
1 1 dyd ] 9 1 [ dgl (% a Y A A A 9
10 @9 1 (10-1) mdsnmananull Yuegnusiavesmsdounazinioiion s
v o d
2.2.3 anuduiusszreaulszneuaeg Tussuumsdon
Y

v o J 9 o
2231 ﬂ'ﬂiJﬁlIW'L!‘ﬁiZ’Vi’JNaﬂﬁ]iJLmSﬁu1

]
~

= 1 g [ a ~ [ g/ A =9
adouausonnaily 2 UYsziom muaﬂymzwqmﬂﬁwagium 10 FIDUN

A

flszuaz lifidsvy  mstiszanlldiuilszquinuazilszgay Tuddouditilszan Ao

dauvesTuananuaasdeziidszgaveg (Dye Na') aauddouniiilszguinszuansludnymy
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+ - o 9 = 421 AAAY a 1= £ 3
Dye'Cl  anwdudeuvziinniulunsainddovussiauaasaninliiilszylunilsiuaou
A [l 3 H
yosmsdouuazuaasaninlufilszaludniuaeunils  Taeiald@deuniidszyrzuandalu
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1 9 [ Y 3’ Y Y dy
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gaungivesmsfouigainazaamsimezsauiuvesd  uazihld luanavesdnaouin lade
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Y v
agluii (msziitlszyAsgan) wud USuumstaaavesdnieludule (Affinity) 32813
a A 1 = s A A [ o ada
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' 9 A A ' A = A = 9 Y
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wulalaos
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A 1A 12 (aaa o 3’ = 3 . .
anluilszy s litugaseduTuanavenit #9znsz918d (Dispersion)
9

2’ = =1 a Y I 1 v o v 9 o YA
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v o os‘
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o
Y

Turanaveuinzunsidn T ludwedugwveudule shliiuse lelasnunelunaneen i

Y 9 a @ . Y o 4 a 1 ' = %
walihdulomnanmsuindl (Swelling) idulodunsizriueyia wu luasuziimsuivudilu

Y
o

¢ & o o ¢ Ao @ 1 a 4
wldthe  gufluiledenieninlddondlaa  msvawdazaetlagmeludulelininin
2 o Ay ) o Y o 4 £ A ~
mwszaumsuwsvosdd I ludule  msvaudveudulelnihnzinudy  iiloguugims
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U

a 4 a 4 a ] [ : =3 (=} o w 9 [
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9 ] d 4 a 4 a d! o Y lqul a A A 1 d'
laviyTas Tuwesisu  asuetiauazmsvonda Fuihldeelgduawazinadiaes uaillo
v v v 4
fNINAYeY PPgMA WUNBUNNLSIN PPgMA  Banumsesndiaduanues lduuiy
] A 9 ] 4
M31Z MA asasigganaunaadleryIns Turosves MA
U809 F.P. La Mantia tazamg [21] Anywanngnimeimasoduinvesidgnon
Y
woda PP uazna lifvuia 150-200 luaseu Tudadiuld 30 uaz 60%lasinnin msnaaeu
v v 4 1
ANUNUMUABANMNEIMAIHATES Q-UV chamber Nitasa UV-B i ldyuanudonanin
@ a 7 :’ 091
wiouldsunaserfing ey waziidg HamsNATeY Tensile testing MUIATTIU ASTM
D882 WUI1A1 Elastic modulus 3z@1au1nierunatriulal 150 3134 A1 Tensile strength
o o a = 0 1 < 4 v W a %
dmiy PP uSgniizaadiatedusiasuleiisuiuiagaounedamsiznizuaumaaae
Tgninmsniessdinanuiagaounedatioonii IFUALINUTZHZBAGIGANDUILINANT
uan¥n WU PP iimsanasveszezdanouuaninunigaieiiounuiaanounoda Joide
[ a A A 1 a = A A A Slay
yoviganounodanenuliziuInnd PP Usgns wamsuldsumlasmaniiiie laguaiu
Sunasgianmualemaiin FTIR Tu%9 4000-450 cm’ #99231091UM5INADONFATUINA
. A o 1 A dgqua dq -1 A dqya A -1
Carbonyl index ADdAFIUVOINUNIANANTUFI 1,800-1,680 cm ' uazNUNIANAN 2,722 cm

v 1 Y
tHANMIFULUVEAYDY PP) wunwannmsmeuaannandunuly  liga 1w ldinams
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a % = 09/’ o a o ° 9 I a a
PONTATUINUAY DNIIOATINITODNFIATUNINUEAIVOI PP @1a9a2e (Hunadnantiuay
Y Y 1
MsunsnuNyie Mntiuiimsuimin luanaves PP 91nn153@ Intrinsic viscosity @09
Mnsen PP ’f]ﬂﬂi]”lﬂ’?]/ﬁﬂ‘ﬂ’f]uwaﬁﬁgl}’m Tetrahydronaphthalene (THN, 135 °C) aseen sl
Y v Y Y Y
99N 1NWUAY Ethanol Ndaasazaneinseuding ldneneuves PP nsesddnasaniniy
i lU3an1 Intrinsic viscosity A0IA5T09 Schott-Gerate viscometer MazAIUIUAT Intrinsic
viscosity 9MNANNITUBY Salomon-Ciuta WU 11N 1A Intrinsic viscosity A1a4
k4 v [ Y
Ao la Tuanaves PP duaciiues uazagaounodanysum 1l 60%Iagimiin PP 9251
° 9 @ o Y . . . . ° v Y A A o a ¥
weredaunszgn 1fuafain i Intrinsic viscosity and1atodedne iwoeunulmalda
Y
30 uag 0% lagivin
91091438V M.D.H. Beg LasaAy [22] ANYINAUDINITNUNIUADENTNOINAYDY PP
uaziaanouweda ldiaz PP wav1n DSC WU PP HAIHIUMINATOUANINOINIALAIAIIY
I~ A g a ' ..
Lﬂuwﬁﬂaxlwwu1ﬂﬁuLWi1$qmﬁgmammwmmﬁ’wm Glass transition temperature (Tg)
[ A J Y= v @ I = 9 d? 1 o v W
vo3 PP ee Ta Tuanafiidlu Amorphous azdaizeadnuiunan launiu uadmividanou
a I =< o Y 9 A 2} o Y v A % 2K a
wedaanuunanazdaansizmsvindlrves liiiesnintiih linsdas ssivesnania
9 1
1aenann
aw o ¥ Aa A 1 4
1INUITBVDS J. Moran Uazame [23] Adaantueenvinduleduasuiseainig
Sodium chlorite, Sodium bisulphate (i6i¥ Sodium hydroxide INNANITNATDY TGA WUN
A a o A a o o <
Cellulose IFUNAMIAAIWAINQAUNYN 315 °C IUNTZNIDI 400 °C dzthAoMNUDILAIY 52010
oy o o o a A v A I
6.5%lagthmiin dmsueiiisag laciFuaaivdai 220 °C ude 315 °C HABNMNVOILA
::I Y a A A o d‘ az; 1 =
Uszana 20% Taerihmiin uazantuvszisudaitsdiNgaungiiaini 200 °C Tdaude 700 °C Tag

< gl @ o [ I o o ¥ Aa a 1
mﬁamammﬂizmm 46%1@8‘11!11’71!‘?‘! ﬁ1ﬂiﬂﬂ1uﬂiu15’lﬂmﬁ‘ﬂ1ﬂﬁﬂ?"l]ﬂﬁﬂuu NWUN

a A v o 1 . a 2 A
PUNYUUBINITITNAAIYAIAININ Commercial cellulose uazﬂimmmmmﬂﬁummmﬁmﬁa

'
a a a

AN udesdueliag laarnseaniuNnuABNIZUIUMIUINIAZANUUANANYOI

2 A A 1 a AAq YR ~ o Y Aa dyS) 9 1 [ qe:
GIJ@x‘]LL"‘INTlmaE)ﬂQlﬂﬂmﬂﬂigiﬂuﬂ”lﬁmﬂmm{]Glﬂf%ﬂmuEJ’JH”I‘lTiLﬂﬂ"‘IJLﬂﬂmJ”Iﬂﬂ’N UoNINUUY

A 1 d v = a ~ [ 4 Aa A L]
nadouman)asumlaslivesnlansumaniiaromaiin FTIR #isendnyaivesaniived
1 -1 = o 9 3 v A [l Y
Tug19 1600-1500 cm' (UAAIDINIAUYDIIATIATI Aromatic) UONIINTUGITHTHINTY
U84 methoxyl -O-CH,, C-O-C 1ag Aromatic C=C ﬂﬂﬂﬁuwﬁﬂﬁu%ﬁ’jﬁ 1830 1A% 1730 cm

£ 1 Aas o v A a A 9 ) YA a A 9
Fawunsmsidaaniuinldaunsamldinvesdaniumel1a
MNNUIIIVDA P.A. Ahlgren tazaae [24] imsmdaaniiuesnainldlaely 0.3 asy

9
Sodium chlorite #1a% 0.1 3.9. Glacial acetic acid A9 1 nFuvaai A Il Liquor ratio Ao
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15:1 nazgavgd 70 °C At 2 ¥ 1w 10 Wil waz 7 Tue wzidaantdu’ld 50 wag 90%
o W = 1 o v A A 9 Qdd’l 1" o o d' 0o w
AUEIL FanNMsvaaniuaedIs iz liihaeesalszneuveusag ladiienda
antiuliny 60%
NNIMITEUD N. Abidi tazasz [25] Asanmitlesnuuas UV vetnihe e
9 ] v v A o 9 1 o 9 Y 9 =\
AMumumsnzgriuveands UV andudaiimiwesdainlalaethitheundondiedla
g @ . a = . . ..
15n9% (CI Direct blue 80 ) taz5uonNN (Drimarine X-3LR, chlorotriazine) ANNEIsa lus
v Y
laafuiera UV (5871 Ultraviolet Protection Factor (UPF) WUA8A MM NTIUVDIAINTUIM

Y d? Y A A Yy 9 gl v 9 A ~
(114 UPF qq611ummmmzﬂmwmmmmuﬂszmm 1.5%veamind asuennil X-3LR

y Y
d o A

o Y = <3 A g d? 1 ogj a = 9 Aq ¥
‘flmﬂu uUv Vlﬂﬂﬂ'lﬁlﬁllﬂ!ﬁﬂ“]f MU UPF fﬂzu’]ﬂﬁﬁﬂuﬂ‘EJ"’UL!@gVN?f‘L!ﬂﬂlfNﬁlLﬁ&ﬁuﬁlﬂﬂﬂlG]f

{ 9 @ 1y oo a a a
MINN 1 MIgadunavesryilanduvessag lae talwag laduazaniiv [21]

Fiber component Wave number (cm']) Functional group Compounds
4,000-2,995 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
Cellulose 1,640 Fiber-OH Adsorbed water
1,270-1,232 C-0-C Aryl-alkyl ether
1,170-1,082 C-0-C Pyranose ring skeletal
1,108 OH C-OH
4,000-2,995 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
1,765-1,715 C=0 Ketone and carbonyl
Hemicellulose 1,108 OH C-OH
4,000-2,995 OH Acid, methanol
2,890 H-C-H Alkyl, aliphatic
1,730-1,700 Aromatic
1,632 Cc=C Benzene stretching ring
1,613, 1,450 c=C Aromtic skeletal mode
Lignin 1,430 O-CH, Methoxyl-O-CH,
1,270-1,232 C-0-C Aryl-alkyl ether
1,215 Cc-0 Phenol
1,108 OH C-OH

700-900 C-H Aromatic hydrogen




uni 3
A uIUNUIY

Y

av A g = = = =y 1 A o L4 = aa
U UMIANE T suNeUA NV DETABLEUAATOITTUATIEHUAS ATTTUVIAN

15 umsdouns iindinadeauiiamanil  auiananuion uazauifFinavesidanou

a a Y 9 [ o o
woaanalaan HDPE NmeJNﬂZJEJNWﬁW Wa\i%']ﬂu']llﬂ@’]ﬂuﬂﬂlﬂuigﬂgl’)a’]u']u 3 Lﬁ’f‘)‘u

£ aw o 9 Y o v a a Y Y AY Ao J A 3 o
G]i\ﬂu\ﬂu’mﬁﬁwﬂi‘ﬂﬂéx‘m\‘luh\lEJNWWiWﬂ'JEIﬂWiﬂTDﬂaﬂHH LAY UTAAIYATIUATICU (ﬁllﬂl‘iﬂclf

A AA =} ~ a 9 d‘ wAa 1 d‘ﬁ [ a :/I
viodsueniiv) tagdsssuna (nldehe) Tashauliaang NAnyvesiagaounedans
Aouuazndsnmi lanuan  laun  audamanl  auiananudeu  amiaizina
Tassafudaugiumelu uazmslaounilasd
3.1 IgaAv

3.1.1 wodlRNaurHANINKUWUWGA (High density polyethylene, HDPE)
a Aan a [ I~ o a d' 1 ] I~ 1
wodnauHaaNuriugauumes lunaraannaenuilumelsasae11ves

an S = 9 I a ¢ A Y 9 9 o o [ = Y]
phauNeuomes ¥evgldlunedwesiontszauns Idiidrsnudmsumniouidanou

9
[

a a o dy =\ 9y = =\
wodn Iyl Taslgas Insaasanani aail

o
§75
H H |,

AN 20 uaadlnsaadanianiiue HDPE

9
Av A

~ 9 Yo 4 A o a o w
HDPE #1149 luanAsei Idsuanmeymsizion uiEv dan. niinea $100 ()
1n59 InnoPlus HD1100J Hisaatins Ina 18 nuae 10 1A mwuAsgIu ASTM D1238

3.1.2 Maleic anhydride graft HDPE (MAPE)

J

MAPE $mthitdluansilseangain (Coupling agent) 1¥iwodinios HDPE wagws

v v
% AA v

3 v yad A ¢ ~ ~N o iy
Ifenemsudnnulaaau iiesnnesdlsznoumaniives MAPE finsdrundiaauaz 1ifidn
=3 ] A = U I Y ~ 9 a o dy dy a o
VFNANMTTANIZTZ 19 HDPE tazia 181 Tag MAPE 214 1uauideil dounainuibm
DuPont 1059 Fusabond” EMB100D Hiaaatins lva 2 nuae 10 Ui muuiasgiu ASTM

D1238TasiidTu1at Maleic anhydride 0.9% lag1111in

26



27

3.1.3 waldenansn
palfonams Iinnnissides Ifmansinn Tsamulsguilesiine 15
g19m191 Taoriuawaiaoe Ifoams ey lidalugden 105 °C Wunan 2 $11us mmiuue
TWazideadiense Ball mill udadauenyuanelfersnsdrenses Sieve shaker 1914
UUIA 200-500 mesh
3.1.4 ddow
ﬁéjauﬁﬁl%’!ﬂuﬁﬁqmﬁzﬁ 2 ¥ia Ao Solophenyl Bordeaux 3BLE (C.I. direct red
83.1) uag Novacron Red C-2G (C.I. Reactive Red 281) 91NVTHN Huntsman (Guangdong) Ltd.
MNSTVATIITNNA IAnmsauanadan 1dehe (Sappan wood)

3.1.5 m5A

- Benzene, C H, (99.8%) Grade A.R. Panreac Sintesis

- Ethanol, CH,CH,OH (95%) Grade L.R. Union Intraco Co.,Ltd
- Sulfuric acid, H,SO, (98%) Grade AR. Labscan Asia Co., Ltd.
- Sodium chlorite, NaClO, (80%) Grade A.R. Ajax Finechem

- Acetic acid, CH,COOH (99.7%) Grade A.R. Labscan Asia Co., Ltd.
- Sodium carbonate, Na,CO, (99.9%) Grade A.R. QReC™

- Sodium sulfate, Na,SO, Grade COM.

- Aluminium sulphate, AL,(SO,),.18H,0 (105%) Grade A.R. Ajax Finechem
- Sodium chloride, NaCl (99%) Grade AR.  QReC'"
*A.R. = Analytical Reagent, L.R. = Laboratory Reagent, COM. = Commercial Reagent
3.2 n3esile

3.2.1 m%ﬁmswﬁwmy:ﬂqﬁ%’umaqﬁﬁ Fourier Transform Infrared Spectrophotometer
(FTIR) U359 Bruker U Vertex 70

322 1ATNAToUANTAITINAYeITag  Universal testing machine VUSHN Lloyd
Instrument 34 LR 50K a151%01941903

323 ﬂgﬂﬂi}‘a%ﬁﬂﬁagﬂﬁiﬂu Scanning electron microscope (SEM) 158N Jeol ’:1::1! JSM
5410LV

324 1w5edinsiauanmenniasldauuandvesniudon Differential

scanning calorimeter (DSC) 15HN Mettler Toledo i:u DSC 1
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3.25 m%ﬁmiwﬁmiamaﬁmwmm%’au Thermogravimetric analysis (TGA) VTN
Mettler Toledo 314 TGA/DSC 1
3.2.6 Lﬂ?i’)ﬂ’jﬂmﬂﬁ Color reader U5H% Konica Minolta Sensing i;‘Ll CR-10
3.2.7 §ue Daylight USHN GretagMacbeth 31 The Judge II
3.2.8 m?mmni’ﬂmié’wmi@ﬂﬂﬁuum UV/Visible Spectrophotometer 13HN PG
Instruments aju T80+
3.2.9 AADIDUUHINSINUIAIDINAS  MAINTAnd  AaInemans uM1INede
falns
3.2.10 Lﬂ?@ﬂl"llfh Sieve shaker USHW Scientific promotion j:u AS 200digit (‘]d;E’J‘VINmﬁﬁ}”I
Retsch)
3.2.11 AzINIIToN Fon19n13f1 Retsch 31 361 L
3.2.12 Lﬂ"iﬂ'm Co-rotating twin screw extruder U3HN iu SHJ-25 Uszmaiu
3.2.13 m?lm Injection molding U5 Battenfeld j:u PLUS 350/75
3.3 3EMInAaeg
3.3.1 MaAseuEa liienamnn
33.1.1 vafauenviand 1he1am
durdides nansuneulidalugey 105 °c funm 2 2l
nniunalazBoadionios Ball mill Wmssausnuinanlieanngionies Sieve
shaker Elﬁ}hlg]}‘llu”lﬂ 200-500 mesh
3.3.1.2 msmdsunuaniu
WTuaantiy MuunsgIu TAPPL T 222 om-98, “Acid — insoluble
lignin in wood and pulp” [26] (5871 “Klason lignin” Fafituaeum I 21
3.3.1.3 MImMIAaniu
fMananiineonanne 137819M131898 Acid chlorite treatment AINITVDY
P.A. AHLGREN iagnaie [24] Taofdunoudan lanal 500 du (ﬁiﬁﬁﬂLlﬁﬁ) wazih
7,500 A5 (Liquor ratio = 15:1) aelumiledy ué’aé]’uﬁqmﬁgﬁ 70 °C 1f1 Sodium chlorite
(NaCl0,) 150 51 (NaClO, 0.3 n5uae 1 nsuved Ifuis) uaz Glacial acetic acid 50 Jnaans
(CH,COOH 0.1 iindanseae 1 afuvedlfiuie) Tasldnaduiiuiianadieg @-12 $2T39)
udaiumIdFedeidummageunSinadniuaiate 3312 iefinsanaanaii

manzaunga lunmsminaniiy
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9 { 1 o v Aa A o Y Y { a
w\‘ithEnwni1ﬁw1umi.imimaﬂuu%gﬂ‘ummmmﬂu@auﬁqmwgm 105

v 1 1 4 ] A
°C iflunan 2 1 Tue uduio Bludindeidasgaanuiu weth lufeudluduneuse'ld

(% Y v 1 1 ]
GlfﬂULN@]’J’E)EJNi@uWWHGI%LLﬂﬁ\‘]‘UL!']ﬂ 40 mesh
AIAFITHNT AN

U19331U TAPPI T264 om-88 [27]
Iflsenansunsn

l Klason method

#9'l3% 1.0%0.1 n5u

AzAERI619820 72%H,S0, 15 1.
1 1 a o Y v [ o’/’
uylugaugugangil 20 °C audlegiaiunsing
= 9 2’ A (A
Rerdininuiilineg 575 u.a. uay

3 M
Reflux 1lunan 4 92 T4

-

mlianiuanaznou

|

309479 Filtering crucible (Yu1AgNIUUszR™ 16 lunsou) N3

o w Yy 9 v y oy
hrilnudueund? anazneulmiunalaieiisoun

{ o o ]
auaznoun 1a 10513 °C 2 ¥ Tua M lgulu Desiceator

y l

#11111NV04 Insoluble lignin LAZAIUIUAT %Lignin

[ k4
2NN 21 naasiuaou lumsmdsunaaniuaunIasgIu TAPPI T 222 om-98

3.3.1.4 m3doudna ldeamsnrdumsmiaaniiu
= < 4 .
3.3.1.4.1 @ l3nH (Direct dye)

e laisadisa Solophenyl Bordeaux 3BLE (C.I. direct red

Y Y v
83.1) Usuar 1% avrhmiinueand il (%o.w.f) azareaslihiaeglddadrvvonimiinmelsd
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aovnilu 10:1 (Liquor = 10:1) 1aziANIAA® Sodium sulphate (Na,SO,) lumsetionlanld

a

Yy A Ay ° v £ Y ~ A
ﬁﬂW’JzﬂluﬂﬁEJEJ?JﬁGHiJ“VIWWﬁﬂﬂ"I“H‘uﬂGlﬁ muﬁm"lﬂumww 22 LIAEMIT NN 2

110 -

100 - 98 °C .
00 | T 45 min.

Na,SO,

60 - y g/l

Temperature (°C)
1
<

Na,SO,

V\
30 X g/L

0 30 o0 20 120 150
Time (min.)

~ A 9 Y] Y A 3 o
i 22 udgasanziminzaylumsdoudulomag Taaded las e

{ a X {q Y 9 3 o A Y |a { VW
A13197 2 uaassunal Sodium sulphate #llumséendlasndiie 15Sinadnuana1any

TaeiAs Group x ABUANAN 10 WA LATAWAIY Group y 1Ia1 50 WA

Dye (%) Group x (g/l) Group y (g/1)

0.05-0.1 1-2 5-75

0.25-0.5 5-75 10-15

0.75-1 10-15 20-30

1.25-1.5 17.5-20 35-40
>2.5 25 40

o g 2 o p S v
UAIMNUATITUNTISUIUNITYIDN ﬂﬁ@\ulﬂﬂw\illuﬂ@ﬂﬁnﬂu’]ﬂeu

Y 1
=

nhdeuiinideainmsdounnianimsganauaduNasIs  Visible 9101A309  UV/visible
A a ' Y v 2 Y o 9 o v Sy A
spectrometer WS outiisumanudnduvesdnoudoutasnadon 1 lfmamsndend

a

3 { 3 < < { {
Taisndisalloundaludeuiigamgil 105 °C ifunar 2 ¥ Tue wdunuBluiudeniiarsga
dy A Yo Y [ Y a :zl J
anudu e lddmsumswauiluiagaounedaluduaeuselil
3.3.1.4.2 @5ueni (Reactive dye)
° A = .
WIHA3UenNNI5A Novacron Red C-2G (C.I. Reactive Red 281)

Y
UT118 1% o.w.f. aza18ae1u1in Liquor ratio = 4:1 1ANA155880UAD Sodium chloride (NaCl)
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a

. Y 9 { o : Y
1182 Sodium carbonate (Na,CO,) Ineldannzlumsdondawidnaniimun dwaaslilu

U

= <
NINN 23 LAZAITNN 3

70 4
30 min. 60 min. 60 °C
60 - < » <4 >
:'J
< 50 |
£ 2°C/min.  Na,COs 2 °C/min.
€ 40 y g/l
g 40
+
H
30 % NaCl
x g/l
2’0 T T T T
0 30 60 90 120

Time (min.)

A A 9 ] Y an a
NN 23 Llﬁﬂ\iﬁﬂ']’lglﬂlﬁu']gﬁil{luﬂqjﬂﬂulﬁuiﬂl%ﬁgjﬁﬁﬂjﬂﬁilli’)ﬂmw

AN 3 uaadll3ina Sodium chloride 1182 Sodium carbonate N1¥lun1sdoudsuannna

USinadfuanaiafiv
Dye (%) Sodium chloride (g/1) Sodium carbonate (g/l)
1 40 10
2 50 12.5
4 70 17.5
8 80 20

Y
o 9

v
@ S A
wmmmﬁi%ﬂuﬂizmumi%u ﬂi@ﬁllﬂﬂﬂﬂqﬁﬂ@ﬂ*ﬂ'lﬂu'lﬂﬂh

v
A 9

‘lj1131E’J}f]llﬁlfﬂﬁ’é)i]1ﬂﬂTiEJE]lINW’E’ﬂfhﬂﬁ@ﬂﬂﬁuﬂﬁuuﬁﬂéﬁ’N Visible *DWﬂLFﬁ?N UV/visible
A = ~ 1 Yy 9 A 9 v Y o 9 Ay A
spectrometer LW@UJﬁEJUlfl’]EJ‘]Jﬂ1ﬂ'ﬂNlﬂlﬂmumﬂiﬁﬂﬂuﬂﬂnuﬁgﬁﬁﬁEJ’E]?J H1N\‘1U13JEJNW151WEJfJMﬁ

a

= I o < { {
sueniivhsauda lovudaludeunguugil 105 °c Wunar 2 ¥ Tus ududu B lunudeini

U

dy A 9 o o I o a qgj 1
msgannuiu e lddmsumsnauiluiagaounedaluduasuse
=y a Y
3.3.1.4.3 @5559A910 1k (Sappan wood dye)
Y v 9
va ldrhaliidusuwdng ambwi ldusniudunar 1 au Teely

[

Y Y Y [
aduTasimiinued ldrhedorhdlu  1:10  wasnmiuldanudouelddoonainldivhe
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g a I ) g‘ 1
WnIuAIgaUngl 80 °C 1lunal 4 %1 1Tus nsesemirdousenain ik Tdualderamsas
Y
Twihdou Liquor ratio = 1:10 PuaIFIedounoaIdY (Aluminium sulphate, AL(SO,),.18H,0)
9 9 o av o
1.5%0.w.f. Taglsaniizlumsdenilsvilgsnnauiteves s Waoyesuazaay [28]

uaad 13 lun i 24

100

90 90 °C
O 80 60 min.
=z
= 70
= 60 4 °C/min. 4 °C/min.
=
£ 50
= 1.5%o0.w.f.

40 Alum

30

0 20 40 60 80 100

Time (min.)

i 24 ugasannzildeuduloag Taadedsssunaves L

b4
=1

~ @ J A Aq Y Aav
AT NN 4 uammﬂaﬂymmmﬁﬂﬂmmnw

Commercial name Scientific name Main structure Maximum

wave length

(nm)

Solophenyl Bordeaux 3BLE | C.I. direct red 83.1 Sodium sulphonate, | 519

Metal complex

Novacron Red C-2G C.I. Reactive Red MCT'/VS*/VS 514
281

Sappan wood dye Brazilein ; 540
HO O
e
R,
HO OH

MNH— C ol . —
— 2. VS : vinyl sulphone ; [SOZ

M
‘“”{ M H,C
N_<CI

1. MCT : monochlorotriazine ;
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3.3.2 A5TUIUMSHaN HDPE 1avka 157e1ams
M3 5 uangaIMInauvesiagaeunedaves Iferaisas HDPE Tasfims
GunFedietemen  Aweasl3lumsg Glum'imuﬁ’ﬁ@ﬂwmﬁﬁﬁu%@umiﬂszmu@:
A1 (Coupling agent) JaltA MAPE luilSunas 10% Taerimnveanalsd (10 phr ¥89/5118IHe
2 Taeidadiumsnanseniane18enamnsas HDPE A9 60:40 % Iﬂﬂﬁ1ﬂﬁﬂ1unﬂij{ﬁi

NITHNTEY

v
=

[ o 1 kg a I )
foumsnay vzt WeulaanuFuneuvail 80 °C Whunar 24 Haluq

q U
k4 Y

v ° o 1 9 4 . .
Fﬂ’]ﬂuu%’lﬂ’ﬁﬂa@yWﬁuﬁ’liﬂQﬂN@ﬁ’luq@iﬁ’Nq @’Jﬂlﬂ?a\‘l Co-rotating twin screw extruder

a v

< 1 o 4
Tagldnnuiisoudny 60 souaowi (pm) Mnualiguugiuaas lsuvounsos Ao 145,
145, 155, 155, 170, 170, 180, 180 1tag 185 °C @INA1AY HAIINRIUATZUIUNITOAIALAZAA
< Y < [ a qaj o =2 o a A o I M
e vz Idilavesiaanouneda mimiudaiaanounoda lloud 80 °C 1ilunan 24 91 Tug
[ o d? I Qy ) [ . . . ) A
nowh lyugiluFuaunadoud 115D Tensile test 118z Three-point bending test AIYIATO

ad v . o
Injection molding  Taeldgamaginldlumsfatugilae 180 °C anwisIBa 80 @i /uil

a 1a o [ <
QWWQNLLNWNW’ 60 C mmm&ﬁﬂ 110 bar HASAINULIITOUNTUHYUAN] 50 rpm

M3 5 uEaagasmMsHanvesiagaennodaves lie1awis way HDPE

Sample Compositions Ratio
HDPE HDPE 100
MA-HDPE HDPE : MAPE 100:15
W-WPC HDPE : Pure wood : MAPE 40:60:6
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§ @ 1 o a o 1 Y <3|
Gl'liW\?“ﬁ 10 wam‘im?fuazm Contact angle “U@\‘]'Jﬁﬂﬂ’t]llW’E]ﬁ@lﬂﬂﬂ@ulmgﬁﬁ\iﬂ'ﬁ@nﬂllﬂﬂlfl]u

a1 1,2 1AL 3 1NoU

Exposure time MIIAMANULANAET Contact angle
Sample (month) DL* Da* Db* DE (Degree)
HDPE 0 0.00 0.00 0.00 0.00 83.00
1 1.53 0.22 0.08 1.55 85.29
2 1.83 0.27 -0.03 1.85 79.77
3 2.75 0.20 0.19 2.76 75.12
MA-HDPE 0 0.00 0.00 0.00 0.00 80.91
1 1.48 0.11 0.11 1.49 78.48
2 2.00 0.15 0.03 2.01 79.97
3 2.93 0.05 0.42 2.96 71.64
WPE 0 0.00 0.00 0.00 0.00 84.00
1 2.15 1.30 441 5.07 81.30
2 4.02 2.17 7.00 8.36 65.28
3 491 3.37 8.08 10.04 68.32
D-WPE 0 0.00 0.00 0.00 0.00 89.14
1 -1.54 0.15 0.53 1.63 38.82
2 2.38 1.24 2.80 3.88 36.45
3 2.44 2.04 3.48 4.71 35.79
DR-WPE 0 0.00 0.00 0.00 0.00 87.08
1 -2.54 1.72 0.76 3.16 29.51
2 1.52 1.23 2.33 3.04 29.97
3 3.15 1.03 435 5.47 27.40
RT-WPE 0 0.00 0.00 0.00 0.00 86.96
1 0.25 1.44 2.97 3.31 32.60
2 13.54 3.28 9.14 16.66 35.24
3 15.72 4.20 12.19 20.33 37.05
SP-WPE 0 0.00 0.00 0.00 0.00 85.43
1 -2.50 -0.55 0.42 2.59 47.06
2 0.17 0.37 1.93 1.97 38.69
3 0.04 0.82 2.33 2.47 39.45
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A3 11 Ldaea Young’s modulus, Ultimate tensile strength 4L81& %Strain at break Y93 HDPE

1 @ <
noutaznaINsaInuaatual 1,210 3 !ﬁ@u

Exposure time Young's modulus Ultimate tensile strength %Strain at break
(month) (MPa) (MPa)
0 597.17+85.1 17.83+0.28 -
1 614.07+£51.83 18.454+0.23 -
2 700.83+59.08 19.07+0.34 -
3 727.76+£91.29 12.96+0.55 4.4340.38

AT 12 LEaea Young’s modulus, Ultimate tensile strength {l81¢ %Strain at break Y93 MA-

' @ <
HDPE nauttazaimsmnuaaiunal ,2uae 3 lﬁ@u

Exposure time Young's modulus Ultimate tensile strength %Strain at break
(month) (MPa) (MPa)
0 511.73+£39.54 17.78+0.3 -
1 662.7+37.66 18.98+0.25 -
2 643.87+71.89 16.49+1.31 9.68+2.27
3 724.76.87+103.26 7.61+£0.32 1.68+0.07

AT 13 Laaea Young’s modulus, Ultimate tensile strength {81& %Strain at break Y93 WPE

1 @ <
noutaznaINMsaInuaatual 1,210 3 !ﬁ@u

Exposure time

Young's modulus

Ultimate tensile strength

%Strain at break

(month) (MPa) (MPa)
0 1466.56+84.85 31.02+0.92 8.73+0.44
1 1621.88+73.27 32.56+0.58 7.49+0.99
2 1713.09+95.58 32.9840.76 6.72+1.32
3 1899.81+74.78 34.284+0.82 6.12+1.09
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AN 14 LAAIA Young’s modulus, Ultimate tensile strength 1La1¢ %Strain at break Y93 D-WPE

1 @ <
noutaznaINMsaInuaalual 1,210 3 !a'ﬁ]u

Exposure time Young's modulus Ultimate tensile strength %Strain at break
(month) (MPa) (MPa)
0 1256.48+83.24 26.53+0.36 9.31+0.75
1 1262.92+53.76 26.89+0.25 7.37+0.93
2 1356.69+112.96 27.06+0.48 6.51+0.9
3 1554.67+59.84 27.82+0.29 5.554+0.42

AN 15 Laaea Young’s modulus, Ultimate tensile strength 1La1¢ %Strain at break Y83 DR-

1 @ o
WPE nouLazHaINsaInLaaua 1,20 3 Lﬁ'ﬁ]u

Exposure time Young's modulus Ultimate tensile strength %Strain at break
(month) (MPa) (MPa)
0 1419.39+46.07 26.77+£0.27 7.87+0.77
1 1466.56+48.22 27.45+0.59 7.05+0.45
2 1558.28+57.21 27.85+0.89 6.43+1.25
3 1683.89+57.5 28.96+0.97 5.98+0.93

AT 16 LAAIA Young’s modulus, Ultimate tensile strength 11g %Strain at break U84 RT-

1 @ S
WPE ﬂfJuuax‘wmmimmmmﬂunm 1,2 4ag 3 Lﬁﬁ]u

Exposure time

Young's modulus

Ultimate tensile strength

%Strain at break

(month) (MPa) (MPa)
0 1465.21+37.67 23.56+0.9 4.9+0.86
1 1544.88+44.93 21.96+1.42 3.84+0.62
2 1615.07+49.55 21.49+1.92 3.8+0.79
3 1668.35+64.95 21.2442.38 3.27+1.09




AT 17 Laaea Young’s modulus, Ultimate tensile strength 18 %Strain at break U843 SP-

J @ o
WPE nouLazHaINIsAINLaaua 1,2 uag 3 Lﬁ’au
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Exposure time Young's modulus Ultimate tensile strength %Strain at break
(month) (MPa) (MPa)
0 1329.43+45.27 28.03+0.34 7.08+1.01
1 1359.934+60.01 26.1+0.41 6.91+1.29
2 1398.05+66.54 26.67+0.38 6.96+0.86
3 1499.62+57.87 26.88+0.5 5.02+0.5

A13519 18 LLEALA Secant modulus, Ultimate flexural strength (482 %Strain at break (Limit at

J @ <
5%Strain) U934 HDPE nouLazHaINIsAINLAATUa 1,210 3 Lﬁ’au

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 791.92+21.58 20.08+0.4 -
1 802.62+46.5 18.55+0.44 -
2 793.1£74.08 18.94+0.4 -
3 791.98+16.19 21.24+0.26 -

A13519 19 LLEAAAT Secant modulus, Ultimate flexural strength (482 %Strain at break (Limit at

1 Y |
5%Strain) U934 MA-HDPE ﬂ’é)uuaxwmmimmmmﬂunm 1,248 3 Lﬁau

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 719.59+20.53 17.89+0.49 -
1 782.71+29.5 18.93+0.63 -
2 795.65+43.82 19.49+0.81 -
3 893.45+56.10 21.47+0.96 -




13519 20 LLEAAAT Secant modulus, Ultimate flexural strength (182 %Strain at break (Limit at

J @ IS
5%Strain) U931 WPE nouLazraINIsaInLaalua 1,2 10g 3 Lﬁeu

81

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 2108.29+65.89 45.15+0.1 -
1 2493.54+33.72 48.36+1.12 4.27+0.51
2 2619.57+42.26 49.77+1.95 4.25+0.68
3 2962.06+81.57 54.21+1.2 4.08+0.52

f13519 21 LEAAAT Secant modulus, Ultimate flexural strength (482 %Strain at break (Limit at

1 @ S
5%Strain) Y94 D-WPE nouLaz1aamsanuaailuman 1, 2 1ag 3 hiou

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 1825.77+56.85 39.28+0.63 -
1 1944.24+83.26 40.25+1.22 4.5£0.77
2 1900.21+72.08 40.17+0.76 4.5+0.68
3 2227.71+£53.38 42.62+1.23 4+0.88

13519 22 LLEAAAT Secant modulus, Ultimate flexural strength (482 %Strain at break (Limit at

1 @ o
5%Strain) U939 DR-WPE ﬂ’auuaz‘Hmmimﬂuﬂmﬂunm 1,218z 3 Lﬁau

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 1997.284+46.62 41.51+0.61 -
1 2043.55+43.7 41.47+0.56 4.77+0.5
2 2049.32+24.63 42.67+0.93 4.7+0.48
3 2472.86+59.64 45.85+1.06 3.95+0.51




f1519 23 LLEAAAT Secant modulus, Ultimate flexural strength (182 %Strain at break (Limit at

1 @ IS
5%Strain) U994 RT-WPE nouLaznaIMsmnuaaunal 1,2 10g 3 Lﬁau

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 1876.74+40.35 38.51+1.16 4.78+0.37
1 1737.03439.21 33.79+0.71 3.5+0.3
2 1740.7+46.73 34.8240.42 3.36+0.25
3 1986.74+88.01 38.06+1.73 3.46+0.43

f13519 24 LLEAAAT Secant modulus, Ultimate flexural strength (482 %Strain at break (Limit at

1 Y IS
5%Strain) Y94 SP-WPE ApuiaznaInsanuaaidlunal 1,2 uag 3 hou

Exposure time Secant modulus Ultimate flexural strength %Strain at break
(month) (MPa) (MPa) (Limit at 5%Strain)
0 2052.79450.97 43.76+0.82 -
1 1982.524+66.79 40.56+0.94 4.88+0.26
2 1925.56+51.31 41.49+0.79 4.8+0.30
3 2242.19+91.7 43.83+1.14 4.02+0.57

Y-7 @amInaaas SEM Trua EDS

AN 25 HANMTUATINLH B IAA0NATIA SEM Lag EDS

%Weight
Element
D-WPE RT-WPE
72.09 49.65
O 17.73 46.69
Na 6.95 2.67
Cl 3.24 0.99
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This study focused on elfect of coupling agent content on morphology and mechanical propertas of
microcallular wood reinforced polypropylensa composite. Microcallular wood composites were prepaned by using
wioad flour (200 mesh size) of 20%wt and 40%wl. coupling agent (MAPP) of 0, 3. 7, and 10%wt (based on wood
flour) were vared, and a chemical blowing agent was fixed o be constant for all formula. All compositions except
blowing agant ware melt-blanding with twin-gcrew exruder. Extrudate mixed with blowing agent were injection
molded and tested in accordance o ASTM D-838 and D-790. Morphology of composites was studied with SEM,
and heir viscosilies wene determingd by MFI. SEM indicates that wood flour content affectad microcellular
structura of composites more than MAPP content. Composites with 40%wt wood flour had finer microcellular
structure because wood Rowr acted as nedeating agent. Composites with 209wt wood flour had larger call sizes
due to blowing gas could expand bettar in lowear viscosity of malt which was confirmed by their melt flow index
rasults. In spite of similar fine microcellular structure, tensile modulus, tensile strength and flexural strenglh were
increased with respect o MAPP contenl. This is due 1o better adhesion betwesn fibers and palymer matrix,

Effect of Wood dyeing on Wood/HDPE Composite

Awat Sidsukpaibul®, Nattakarn Hongsriphan *°, Pajaera Patanatabutr™"

* Dopartment of Matorials Science and Enginearing, Faculty of Enginesaring and industrial Technology. Sipakom
Uinivarsity
*Canter for Petroleum, Pefrochemicals, and Advanced Malerials

This study investigated effect of dye types on properties of dyed woed-HDPE composites. Two types of
red synthetic dyes (direct dye and reactive dye) wene wsed o dye delignain wood flour (Chlonite traatmant) with
upper B0% absorption ratio of the origin dye solution. Wood composites were prepared by melt blending of HDPE
(40 wi%) and dyed wood flour (60 wil) using 10 phr of MA-g-HDPE as a coupling agent. Samples were
characterized by FTIR, TGA and SEM. Mechanical properties of injection molded WPC wera detarmined in
accordance to ASTM D-638 and D-780. After Chiorite traatmant, most lignin In wood flour was removed and its
thermal stability was decreased due io weaken celluloses, From SEM, it found thal wood Rbers were coaled wilh
coupling agents providing good adhesion between fibers and polymers matrix, However, delignin and reactive dya
woad fibers wera coated with salts while there was no trace of galls in direct dye wood fibers, Comparing to non-
treatment WPC, modulus of WPC with delignin wood was lowered significantly, bul both WPG with dinect dyed
wood and resctive dyed wood had higher modulus than WPC with delignin wood. It indicates that synthatic dyes
help fibers 1o ba stiffer.

ek Effect of Catalyst Types on The Ring-Opening Reaction of Epoxidized
Natural Rubber in Latex Form

Pensri Anurak *, Wanchai Lerdwijitjarad **, Amnard Sittattrakul ™

“Depariment of Materials Science and Engineering, Facully of Engineering ard Industrial Technology, Stapakom
Linfwersily
“tanter for Patroleum, Pefrochemicals, and Advanced Materials

The influence of catalyst types an the opaning of oxirane ring of an epoddized natural rubber (ENR) for
the synihesis of 1,2-amino alcohols was investigated. The epoxidized natural rubber was reacted with ammonium
hydroxide (NH4OH) in latex form by using three types of catalysts namely sibca gel (70-230 mesh), zinc(ll)
perchlorate hexahydrata [Zn{Ci0s ) 6H;0]), and tatrabutyl crthotitanate [CisHss0.Ti]. The chemical structures of
the EMR and the product obisined efier ring opening reaction were characlerized by FT-IR and 'H-NMR
techniques. The thesmal properly was charactenzed by DSC. Sikca gel (70-230 mesh) was found 1o ba the best
catalyst for the opening of epoxide ring of ENR in latex form compared to the other two catalysts. The glass
transition temperature of natural rubber, epoxidized natural rubbaer, and 1,2-amino aloohol of natural ubber were -
64, 75°C, -14.74°C, and -10.98°C, respectively.
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EFFECT OF WOOD DYEING ON WOOD/HDPE COMPOSITE

wl Sirs [* Nattakarn Hongsriphan®™", and Pajaera Patanathabur *°

* Dopartmezt of Matemaks Scwnces and Exginesnzg, Facalty of Engneering and Indusinzl Techoology. Silpakem univessity, Nakhoo
Pathom 73000, Thaila=d
¥ Cezter of Excellonca for Patroleun:, Patrochearical, 2=d Advesced Materizls, Chmlalonghom Ustversity, Bazghok 10330, Thailand

ABSTRACT

This study investigated effect of dye types on properties of dyed wood-HDPE composites.
Two types of red synthetic dyes l:dJIE::t dye and reactive dye) were used to dye delignin
wood flour EC]JlnntE treatment) with upper 60% sbsorption ratie of the engin dve solufion.
Wood composites were prepared by melt blending of HDPE (40 wt%) and dy ed wood flour
(60 wit¥s) nsing 10 phr of MA- E—HDPE a3 a couplng sgent. Samples were characterized by
FTIR. TGA and SEM. Mechanical properties of injection molded WPC were determined in
accordance to ASTM D-638 and D-790. After Chlonite treatment, most hgnin in woeoed flour
was removed and its thermal stability was decreased due to weaken celluloses. From SEM,
it found that wood fibers were coated with coupling agents providing good adhesion
between fikers and polymer matrix. However, delignin and reactive dye wood fibers were
coated with salts while there was no trace of zalts in direct dye wood fibers. Comparing to
non-treatment WPC, meodulus of WPC with delignin woed was lowered significantly, but
both WPC with direct dyed wood and reactive dyved wood had higher modulns than WPC
with deligmin wood. It indicates that synthetic dyes help fibers to be stiffer.
*mattakarasu.ac.th

INTRODUCTION

Wood-plastic compesites (WPC) are widely used in many applications. Different
applications take advantage of properties that WPC offers. For example, automotive
applications take advantage of a lower specific gravity, comparsed with mmorgamce filled
thermeoplastics. House decorated products take advantage of the aesthetics, resulting in a
product that can lock like wood but can be processed like plastics [1]. There are several
ways to improve properties and appearance of WPC such as adding coupling agents,
plgment, antimicrobials or Light stabilizer [2]. It 15 well known that color of WPC
changes to lighten after outdoor exposure. During photo-oxidation, lignin in wood fibers
15 broken imfc water-soluble product such as carboxyvlic acids, gquinones, and
hydroperoxy radicals [3]. Direct and reactive dyes are synthefic dye, which are suitable
for cellulosic dyemng. Femoval of lignin before dyeing should be better to resist color
fading of WPC from outdoor apphu:auc:nns Arid chlonite treatment 13 widely used for the
preparation of holocellulose. Acid chlorite treatment dissolves only lignin during 60%
of deligmfication and after pass 60% some of carbohydrate was dissolved [4]. However,
this event make cellulose decreased mn strength.

The aim of this work was to improve appearance of wood plastic composite by dyeing
delignin wood flowr with two types of synthetic dye. Dyed wood plastic composites
were characterized by FTIE, TGA, and their mechanical properties and merphology
were studied and compared with non-dyed specimens.

EXPERIMENTAL
A. Marterials

Fubber wood (Hevea brasiliensis) sawdnst was ball milled and sieved by a sieve shaker
(200-300 mesh size) to be 31-74 micron m particle size. High density polyethylene
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(HDPE) with MFI of 20 g/10 min was kindly supplied by PTT Chemucal Public Co
Lid., Theiland. Maleated polyethelene (MAPE) with maleic anhydride content of 0.9
wi% was purchased from DuPont, USA. Other reagents used were; Sodium Chlorite
(Ajax Fme::hem Pty Ltd); Acetic acid I:L-".ESC.-'L‘*I i‘LSIi'L Co Ltd.); Sodium Sulphate
[QREC :l Sodium Carbonate anhydrous {QE.EC } All materials were used as
recerved.

E. Removing lignin

Method to remove ligmn was done following P.A. Ahlgren et al [4]. Sodium Chlorite
(MNaClO:) of 0.3 g and glacial acetic acid of 0.1 ml, per 1 zram of dry wood and hguer
ratio of 13:1 were used to remove hgnin from wood. Bleaching temperature was set at
70°C and wood flours were treated for 8§ hrs. After that, treated wood were soaked and
washed with distilled water until pH of water was 7. Treated wood were dried in an air-
circulating oven at 20°C umtil constant weight. Wood and treated wood was determined
lignin content m accordance to TAPPI T 222 om-98, “Acid — msoluble hignm in wood
and pulp” (Elason hignin) [5].

C. Dveing of delignin wood

Direct dye

Delignin wooed (D-Wood) was dyved with Solephenyl Bodeaux 3 BELE (CI Direct Eed
81.3} 1% on weight of fiber (Feow.f) at liguer ratio 10:1. Dyemg procedure 15
summarized m FIEHIE 1 l:sugees.ted by suppher). D-Wood was dyed with upper 0%
gbsorption rafio of the ongin dye soluton, which concentrations of dye solution befors
and after dyemgz process were determmed unsing TS0+ UV/VIS Specoometer, PG
Tnsmuuents Lid

Takle 1. Exhauston aid for direcr dyeing.

Led Zodinm Sodmum
T Diya Snlphate x Sulphate v
z e )] =01 =1
i " 0.5 7.5 13
g 0.75 10 20
- 1.0 15 30

- 125 17.5 35

o o o - LS 20 40
T ek =25 15 40
Fig 1. Diyeing profile of direct dye.
Reactive dye

D-Wood was dyed with Novacron Eed C-2G (CI Eeactive Red 281) 1 %o.w £ at liquor
ratio 4:1. Dyeing method is swumarized in Figure 2 (suggested by supplier). D-Wood

was dyed with upper §0%: absorption ratio of the origin dye solution.
0

i PPEEE 0 min TR Table 2. Exhaustion aid for reactive dveing.
i T Dya Sodnum Sodimm
é (%) Chloride (g1) Carbonare (21}
i Hias O L Cimi 1 40 10
Z re 2 50 125
4 T 17.5
g 50 20
h Tll'l'lrl'ﬂn-l I -

Fig 2. Dryeing profile of rezcive dya.
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Table 3. Characreristics of dves used in thes work.

Trade name Srientific name Alain functional group A ()
Solophenyl Bodeaux 3 BLE I Direct Bed 83.1 Amide Sodinm sulphonsts, 319
Metal complex
Movacron Red C-2G CI Reactive Fed 2E1 MCT' V5 WS 314
1. MCT : monochieromiazins - T 2. W5 winyl sulphone J;_-!-_S‘:}:_‘
R 'Q: :'t” M4

[=]

D. Preparation of wood-plastic compesite (WFC)

Before compounding, woed flour were dried in an air-circulating oven at 80°C for 24
hours. Sample codes and compositions are presented m Table 4. MAPE was added 10
wite of wood flour. Compounding of wooed flour and resins were done in a co-rotating
twin screw extmuder. Barrel temperature profiles were 143, 155, 170, 180 and 133°C
from hopper to the die, and screw spesd was 60 rpm. Extrudate were pelletized mito
pellets. Pellets of WPC were dned at 80°C for 24 hr before myection molding mto
tensile and flexural specimens using the PLUS 350/75 (Battenfeld) injection moelding
machine. Injection pressure was set 110 MPa and the nozzle temperature was 180°C.

Table 4. Sample codes znd their compostioons.

Sample Code Compositions Compositions rato
HDEE HOFE 100

MA-HDPE HDPE : MAFE 100:15

W-WPE HDPE : Pure wood - RIAFE 40 60 -4

D-WEFE HOPE : Deliznin wood @ MAFE 40 60 -4
DER-WEE HOPE : Direct dyed wood : MAPE 40 60 -4
BET-WEFE HDPE - Reactive dved wood : MAPE 40 60 -4

E. Characterization methods

Fourier ranzform mffared specroscopy (FTIR)

Founer wansform mfrared (FT-IE) spectra of sample were recorded on a Vertex 70,
BREUKEE in range 4000-400 cm™ using KBr disc. Spectra were obtained using 32 scan
and a reselution £ cm”™

Thermogravimetric analysis (TGA)

Thermogravimetric measurements were performed using TGADSCL STAR® System,
Mettler Toledo. Temperature program for tests were min from £0°C to 700°C at heating
rate 10°C/mun m nitrogen atmoesphers (20 ml'mimn).

Mechanical test

Tensile test was performed accordmg to ASTM D-832-03 [6] using LE 50 K universal
testing machine (Lloyd Instrument) equipped with 30 kN load cell and a crosshead
speed of 5 mm/mun. Ten measurements of each sample code were conducted to
calculate the average and its standard deviation Flexural test was performed according
to ASTM D-790-03 [7] using LE. 30 K umiversal testing machine (Lloyd Instrument)
equipped with 30 kN load cell. Specimens were deflected in three-point loading mode
until failure or until 3 percent strain was reached in the outer surface of test specimen
with a crogshead speed of 1.8 mm/min.
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Scanning electron microscopy (SEM)

Microstructure of wood flour and test specimens were characterized by a scamnmg
electron microscope (J5M 3410 LV). Samples wers prepared by immersing specimen in
liguid mitrogen and then breakmg them. The fractured surfaces were sputter-coated with
gold for observation.

RESULTS AND DISCUSSION

A, Content of lignin

Figure 3 presents color of wood and moedified wood. It is clearly seen that delignin
wood flour (D-wood) had lighter color than original wood after Chlorite treatment
From TAPPI T 222 om-98. 1t found that Klason lignin was removed about 70wt%s of
wood flour. The reduction of lignin in wood was also detected by FTIR specua i Figure
4} showing that the charactenistic peaks of lgnin m range 1,600-1.300 em™ {aromatic
skeleton vibration) disappeared [8].

Fig 3. Color of wood and modified wood.
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Fig 4. FTIE. spectra of pure wood (Wood) and deliznin wood (D-Woaod).

After dyemg with dirset and reactive dyes, FIIE spectra of DE-wood mdicated
characteristic peaks of direct dye at 619, 1,114 and 1,150 em”, while FTIR spectra of
D-Wood pressnted broader peaks at 1,630 cm™ representing more C=C benzene
stretching and —NH: from reactive dye [8.9]. Figure 5 indicates normalized FTIE peak
of lignin (Lignin index), which was calculated using the following equation:

liglﬂumde:{=:;'ix1ﬂ0 W

1738
Where I'15 a peak mtens-lt'-.- of FTIR. spectra. The peak intensities were normalized using
peak at 1,738 cm’ {uun:nn]ugated C=0 m xylans (hemicelluloses)). Tlus peak was
chosen as a reference peak because 1t slightly c].muged after treatment with acid or dyes.
It 15 seen that lignins in modified woeod flour were in the same range.
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Fig 5. Ligmn index of wood and modified wood. Fiz 6. TGA curves of original wood and
modified wood.

EB. TGA analysis

Figure § presents thermal stability of oniginal wood compared with meodified wood
Original rubber wood started to decompose at higher temperature than modified wood
This result indicates that acid chlorite reatment damaged celluloses [4,10]. Comparad
among modified wood, DE-wood had the highest onget degradation temperature while
D-wood and ET-wood had the same temperature. Mercenzation of celluloses might
occur during the dyeing process, resulting celluloses to be rearranged and stuffer [11]. In
addition, dElIE]Jlﬁ{“ﬂtlﬂ]l showed higher amounts of residual solids compared to original
wood. It n:ught be due to the chemical procedures used, which could induce higher char
formation [8]. Regarding to residual solids, both dyed weod had higher residual solids
than onginal wood confimung the presence of dyes m wood fibers.
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Fig 7. Tensile and flexural properoes of test specinens.

Fiz 8. SEM micrographs of WPE specimens; a) WPE ; b) D-WEE, o) DE-WPE ; d) ET-WEE.

. Mechanical propertier and morphology

Figure 7 shows mechanical properties of pure resin and WPE added origimal or
modified wood. After Chlonte reatment. Young's modulus and flexural modulus of D-
WPE were lower due to weaken wood fibers as explained in TGA results. Dyed wood
composites had higher modulus than delipnin weod compesites, indicating the same
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damaged cellulosed might have mercenization during the dyeing condition. In the other
hand, acid chlorite treatment increased flexibility to D-WPE (lugher in %estrain), simce
D-Wood were soften and polymer replaced the role of lignin in fibers made composites
more hydrophebic and tougher [12]. SEM micrographs in Figure 8 indicate that original
wood and medified wood could disperse well m polymer mainx when MAFPE was
mcorporated 1n compoundmg. DE-WPE and ET-WPE showed lowsr compatibility
between HDPE and wood fibers compared to D-WPE. There were spaces around fibers
refermng couphng agents did not wet fibers as well as WPE. Also, thers was some Tace
of salts coated on deligmin and reactive dye wood fibers while thers was no Tace of salis
in direct dye wood fibers.

CONCLUSIONS

Lignin was removed from rubber wood flour 70wt after the acid chlomte treatment.
Unforfunately, these fikers were weaken due fo celluloses was destroyved during the
treatment. Dyeing condition of wood flour might help celluloses to be mercerization,
which caused them to have higher onset degradation temperature compared to delignin
wood. After Chlornte freatment, Young's modulus and flexural medulus of D- WPE
were lower due to weaken wood fibers as explamed in TGA resultz. Dyed wood
composites had higher modulus than delignin wood composites, indicanng the same
damaged cellulosed might have mercerization during the dyeing condition.
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