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47402304 : MAJOR : POLYMER SCIENCE AND ENGINEERING
KEY WORD : POLYETHYLENE COMPOSITE

SIRIRAT TECHAPERMPHOL : POLYMER COMPOSITES WITH TREATED
NATURAL FIBERS FROM COCONUT. AN INDEPENDENT STUDY ADVISOR : ASST. PROF.
NATTAKARN HONGSRIPHAN, Ph.D. 62 pp.

In this research, polymer composites of low-density polyethylene and coconut
fiber were prepared and effect of fiber treatment with sodium hydroxide solution in various
concentrations on polymer composites’ mechanical properties was studied. Polymer
composites were prepared by mixing coconut fibers 1% and 5% by weight into low-density
polyethylene and polymer composites reinforced with short glass fibers (without coupling
agent) in the same ratio were prepared for comparison. It was found that coconut fiber
consisted of alpha-cellulose 52.6%, hemi-cellulose 34.5%, and lignin 16% by weight. Fiber
treatment with sodium hydroxide solution dissolved lipid layers from fiber surfaces and cellular
structure of fiber was changed. Reinforcing with untreated coconut fibers produced
composites with higher tensile modulus than reinforcing with short glass fibers. Tensile
modulus was increased with respect to reinforcing contents. For mixing with coconut fibers
5% by weight, fiber treatment with sodium hydroxide solution resulted to increasing of tensile
modulus of polymer composites with respect to solution concentration. However, polymer
composites had lower tensile strength at break and %elongation at break compared to neat
polymer, due to phase separation between polymer matrix and reinforcing agents. For flexural
properties, reinforcing with coconut fibers produced polymer composites with lower flexural
modulus than reinforcing with short glass fibers.

Department of Materials Science and Engineering Graduate School, Silpakorn University Academic Year 2007
Student's SIgNAtUre .......coovcveeiiiee e
An Independent Study AdViSOr's SIgNAUIe .......eeevvvveiiiiiiiiiee e
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2.2 @ulauna (Fiber glass) [4]
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A13199 2 lSeueuded veodevoudulesssusauazidulouda [4]

Natural fibres Glass fibres
Density Low Twice that of natural fibres
Cost Low Low, but higher than NF
Renewability Yes No
Recyclability Yes No
Energy consumption Low High
Distribution Wide Wide
CO, neutral Yes No
Abrasion to machines No Yes
Health risk when inhaled No Yes
Disposal Biodegradable Not biodegradable
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Properties E-glass Coir Cotton
Density g/em’ 2.55 1.25 1.51
Tensile strength (MPa) 2400 220 400
E-Modulus (GPa) 73 6 12
Specific (E/d) 29 5 8
Elongation at failure (%) 3 15-25 3-10
Moisture absorption (%) - 10 8-25

2.3 NOAPNBAHTHAA NUHMIMUHA (Low density polyethylene, LDPE) [5]
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I3 Yy 9 = v A o Y [ a a
- awnsadmualiidulelimsdaseedd lavainategluny awdnsazmsnaa sia
v A @ Y
HazMIITBIRAIVo AU Y
a d' d' Y
2.6 MHIWNNYIVBI
S.V.Prasad ttazame [9] IdAnpinemsiSulgudulovznindrsarsazaroaraive 14
o w a 1 a 4 1 4 o
lumsiriganon Indaszrnadulongniuaznedwanes wui wetindulouznin
. o o Y = ~ [e] & o
(Coir) ¥1Mn151/5D1)39028d 1592018 NaOH 5% Ngmivigil 28+ 1°C 1Whuinal 72,76 ¥ Ta4 92
1 o A [ 31 ! =2
#1539 T 0 nuENI0 TuNIgad I (Wettability)  AINAINUABLTIAL (Tensile
9 A A2 2 ' = & ' =~ Yo A o 9
strength) Yo utduleTA NI 15% FInNuAnuaoILTIAetizanased iy lagaietindu
lowzniusluaisazats NaoH  ae'lddn 24 $2Tue anmamsnageuanyuzdugIui
dy a F)) Y a J dy a 9 Aa A ] 1 =
nurndulearemaiin SEM wud1 annuiidulenianuugvssiiormuasazalonia il

¥ ]

A A AaA I =\ 421 9 [ Y A 7
WS owuszfeounniu usaudu (stress) 1nMsuaniuszvoudulonriumsdiulge
Mea13aza10A11u polyester matrix HA1GING 90% WINNT polyester matrix vouduly

1 [ o @ a I { 1
wznd 1 lidumsdSulge vazdagaenIndalinnuiugngu 11% ludulonzninll
Aumsdivlge uazidosnii 5 % luduleuzndniriumsysuilss

Y o =3 J = Y

J. E. G. van Dam tagamg [10] lasimsanyiesslsznoumauniveaduloniy

Y A A k) v ~
HENININUDIEY 11 1Y ul,ﬂﬂmm’ﬂ\iﬂ\‘lﬁﬁ%iﬂ 4
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~ 4 = 9 9
151990 4 uanseanilszneumani lwaulemuugniii [10]

Composition (%) Fiber Pith
OL-Cellulose 36.3 21.0
NaOH extractive 12.4 29.5
Extractive
Ethanol/toluene 4.9 23.6
95% Ethanol 1.7 0.4
Hot water 4.3 15.0

Klason lignin

AIL 31.9 24.1
ASL 0.8 0.4
Ash 34 4.5

A Alemdar grazamg (111 Idhmsaammsindulenidanvhedwad nlaenoa
o | & a ] \ I @ a
wded - lumsiuilnduloaSunselu biocomposite’ Tasliasn1sdulumuniinazasng
a d’ o a &Y = [ d' 1Y = 9
Wana eminmsasIzHanyazMuAlnannlsulsamaaiilagleaisazats NaOH
] 9 an (A A d? I
17.5% wagasazaty HCI 1M Wy vhavnimaidsunasag Taaiiuay 910 43% 13l 84%
A ) a d 9 o [ a9y a 1 ~
tazommsdnsziidulovdinsdiulyamaniidiemaiin FT-IR spectroscopy W91 &
o w a a A <3 1
msfdaeiivaglad wazaniu eenvnndule uazwavesmsAny1 PXRD uaaslimiud
Y o [ ==} 3| = A d?’
dulevidanislsugamanns ianuilunanmuay
o [~ o a
M. Brahmakumar wagamg [12] lasmsansuduleduznirnduiagaiuus
Iinunedensauriananuvuuniug  (LDPE)  lasimsdsvlgaduledreasazais
4 { I ) 1 g a J @ {
Tmdeonlansonlad 5% Nannziouilunal 84 11ue wuhiuandulonoumsiivlgeand
09.11 o l o Y a o 1 a 4 9 < dgl & A A a
s lusiu)naguegzi ldinanuseseniawninduazidulondusu - Fuiornulsum
Y o a Y . ' . A 42‘ ' Y
iduleludagnonIndnsg1fia Tensile strength 118 A1 Tensile modulus WNAY UAvL 1¥iA
. o dy ) v 1 1 va Aa AN Y A A
Elongation at break #1849 Uenanianueveuduledidiwasonuauiaiinaila o 7

v 4 v 4
anuerndulominiyu 1% Tensile strength 182A1 Young’s modulus 1ugadu Tagly

av ' 9 A a 9/09/} v dy A
AUIReNUI @U leNUA1WE1I 2 IUAAT 92 1NN 2 MUGINGA



15

UNN 3
o =)

IEMIAUHUNUINY

4 £
% 1 =y

Av Aaa A Y 9 v Y & Y o a ad A
mAveityaanneme Isdulennmuuzningutuiagaulusssumanmaong
] qI/ 5 I~ a { 1 a
pgm llvoawzninduiuimassgnanmldie  vaziinmgnludszmalne  1nldliine

d 3 A o w Aa Aav dy ] I 1 A
Uiz Torvognuaun TunmsiiagaeuInda Tasnudtetinisesmilu 3 41 Ao
J 1 a
1. dnmessdszaeumaniluwdule  1dun  USwamsazarelumudy ez
d a a 1
uoanegea aniv lalawag laa 1dun ueaviuwag laa wdnwaglad unuuuwag laa way
a =& 1 dyd 4 A wAa <3 Y
wlraglag GeasisznevmatiiuefilszneunuenguautianaynUITITIVD ITY
4
o vazdAnpnavesnNUTNTUYRIaTazate Taden lansen lud (Sodium hydroxide, NaOH)
K lumsdSulyeiatungnin
2. Anmanvazdugiunielu (morphology) yoaneaonsaunon Indaiasuis
daodu letumgwit Aiivag hidimslsudgsaninin
= a 9 Y v Y | Aan wa wAa
3. APHINAVRINISIAT HUSIAoE U TamMUNZNI AR aNIANIIRIEN NI ANTA
Fanavednedeniaunoy Inaa
31 uﬂqau (Materials)
3.1.1 woaenFauyianNUHUIUUAT (Low density polyethylene, LDPE)
a an I o a a sAq Y a o o Aw dy a
woaNsauumes lunaraanweawes N W unsnE 1un1sni1Ivel  Naa lag
V35N Inetllasaiina 3190 @) Uszmalneg 1n5a S1018 (Injection grade)
4
3.1.2 msazang Tasaenlaasen lad (Sodium hydroxide, NaOH)
H A o [l o w [~
dsazaen 1% 1inusEnyYIgaamns sy $10a 1wnsagaavmnssu
3.1.3 dulefunznin
£ Y Y Y o [ [ v Y
dulemunzninldanmnuasnsluduoemunsiy  sindauasdsy  Tasdaniu
9y d‘w a Id'9/ 9 [ A Y 9 Y d’d Y A v A =
wzninaandianegnduuzni  lTasdadenda luduuzniniioglndfsanune 4-5 1
uazegluaniunlgnlndifesiu

Y
3. 1.4 duloudrtiadu ANe 1 sUAIuAT
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32 1n3esile

3.2.1 193PIRANAIAAN (Injection molding) USHN Battenfeld U PLUS 350/75 Uszimne
1BDIUU

32.2 Lﬂ?m NENLULA (Internal mixer) /5N Brabender i: U Plastic-corder Lab station
Useimeeosiu

3.2.3 nFesuadanaiddn USHn BOSCO Engincering 512035 Usznalne

324 Lﬂéﬁ)ﬂ‘ﬂﬂﬁ 2u7d oLl nseaen (Universal Testing Machine) YTHN Lloyd Instrument
34 LR 50K U5zmaansyeraning

32,5 193993AT1EH IAT9ad 9NN INgIeE L AISIENATE LI IN5 1A (Scanning

Electron Microscopy, SEM) USHN Hitachi ;:u S3400N U5 $mﬁilj‘]!u

3.3 35MInaaog

a ) o
33.1  mawsoudulesssusanniuuznin  uaziimsanyiosnlszneumaniives

dule

33.1. 1 muaseuduless sunantuNE N

o Y 9 ] Y ] @ 1

hmunznsaandaliduneuviannuenlszuna 2530 sy, tazdauaay
[ ~ a 4 ] 4 < o 1 v A
noulivnauaszana 0.5-1 wudwas e lmduleniiles sy waziilusludeny
3’ 1 I~ v A a 09.:’ Qy 1
hazorald Aaude Yar1¥ain dane 3 luanzenmea oo ld lauuaauaa Uszuna 5-7
[ 4 1 a ] 4 < 4 4 ] y ] 1 a 1 4
dlay nieauninduleazinamsniteadun o liarun lilsdulamnansniidlesas

[

] 09; v a 1 4 ! 4
vgaoenuiaglui (Funaldondnvuzveuduls dunemsninilesss Ididulenauysal

'
S A

A o 9 2 A o IS Y 1 g 2’ ] < o o o
maﬂﬂtﬁuiﬂmummmaﬂyngﬂumuq "l,mﬂuu,w HAZHISUNAULUUKUY) HaINUUUN

=

v H ]
dulelildraihazern deesldimvesyadulondumzaaeg 1 lddunszuaumssa ield
' Y 9 1 1 k4 E2
yordulovigaoen  dndulen1dlldwdiniazeimdnasinils  MeaunTedena 13lduda
flostuedn i launawaa oz ladulonzninaniueon shlleungaungd 105°C na

{ q v a @ Y v o .
6 1. 1o 14 lumsAnsiziiae 11 nszurumsmssmduloniniuugnin uaadagili 6
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Y
(M damuuzninaaliivunauie @) Was i ludwazilarh

wazanuen ldasdeld Terin

—

Y 1 v
@) duletuuznduaiddrsiiazen @) @ulemamsninilos ezl

= 2’ A A <3
: gdUIMAUATUNAUIUU

@) dulofunendvdain vt

A = Y Y Y v £
gﬂ‘ﬂ 6 ﬂiz‘]_lﬁu’mﬁm'iEJ?JLﬁ"LlGlEJmuﬂJzWﬁ’J‘MﬂmuNzWinﬁﬂ
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= 4 =\ F)
3.3.1.2 Anmieanilszneumaniveadule

Wood

Klason l Extraction

A

Lignin Extractive-free wood

l Delignification

Holocellulose

Dissolution by alkali

Ol-cellulose

Calulation (holocellulose-Ol-cellulose)

Hemicellulose

A o w 4 = Lﬂy 9
ETJ“V] 7 Llﬁﬂ\iﬁWﬂUﬂ13ﬂﬂﬁ@ﬂﬁ1@\1ﬂﬂﬁgﬂ@UﬂWQlﬂuﬁlULu@UlN [13]

Tal435M5ATIZHANNIATIIUUDY TAPPI (Technical Association of the Pulp and
Paper Industry) [14-19] 11iae0nilu 5 ﬂ]zumuuamﬁagﬂﬁ 7 TaofnwazBoadail

33.1.2.1 mawsoudiedingaudmsuimsed 1n3ouaIATIIUTAPPT T264-
om88

33.122 mydanzinlSinumsunsniiazare1dluneanesediaziuudu au
WINTFIU TAPPI T204-0m88

3.3.12.3 MiinnenlSunaaniu auunsgie TAPPT T222-om8s8

3.3.1.2.4 mivaszdmisualalamaglaa awdT Acid chlorite Y89 Browing Tu
Method of Wood Chemistry

33125 mamSuamearusaglag  wduvaglag  wazunuuuaglaa e
1195311 TAPPI T203-0om88

d! 1 09/’ S = % ' dy
mgmazmuﬂaumwamaﬂﬂmﬂa"lﬂu
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@ ' @ a o v A 4
3.3.1.2.1 ﬂTimgEJSJG]’JE]EJN’N]Q@U%ﬁWi‘U’JLﬂﬂZW m‘i‘ﬂmmmmzm TAPPI T264-

om§88

I K gy o o £ 7 &
i’]\iﬂllﬁgﬂﬂTJ114!LL!’E)Ullli]3QﬂLLEJﬂf’J@ﬂNTLLa$a$ﬁ181UWUﬂ1ﬂ$QTH %Qﬂﬂﬂﬂi%ﬂ@ﬂiﬂluﬂ

Y Y 1 A o a J A =~
Ifvzdvsgnuensenunouivni limszdmaniiaell  Tasasazareesiuea-wudu

Y
agiimsuen vl sFUDNHatazens Idaeg dmsuiheuvzeuenunuuey o1

9 Y
1hena uilaazdesnuianiie 1l la

AMINADDI

n)

V)

f)

3)

9)

= Y ] d‘ Y a 70 YA d' o A
w3onde19N g lumsinnzd Idivnemuiunasgiuimuafe 40 mesh
A A 4 Aaaa a 4
(0.4 Haawas) e lnlfnseuna ldauysal
A199MANNAZ019 extraction flask Hazuadunay taziirlou v
Y v
Tddeg1atimiinlszuna 10 nFuagly extraction thimble HAZAAAIFANIINAADY
o [V a I
MmMsanadisasazaee U UFU(1:2) U515 200 ml Wunar 6-8
RRETE
) v
1eNAT1aza1000n 1ABN1TNITDIRIDENAIVIATOINTOIVLTYAINA 101U
Y @ vy A ~
MId 190619 S 1o aBIeMULELean 11)
o 1 @ o [l A I~
hdegnau livinmssvdndgas Taalds 95% os1uea Usinas 200 mi 1hiran
4 %2114
[ ] = qul 9 Y] o 9!:} q';
N394A198199NAT AL 1A azaeeon Iagldiinau
Y '
Taaredeasluviaglauyuuna 1,000 mi vazldinaudon 500 m duldidon
I M) 21’ o 091 1 Qy
Funan 1 %2 Tue mntiuiimanseatazddisityou 500 ml Uaeena 131t

Tuermeanazifudiee1e i A lumsus iiaga

a o a ~ Y 4 =~
3.3.1.2.2 mi’Jm51zmfiTﬂi341mmnm5mazma%1uuaaﬂaaaauazmu«m QNN

o ~ ] dy Y ) a A d
1193314 TAPPI T204-om88 Tﬂaamﬂizﬂﬂmnag”luma"lmzazmﬂ“lummazmﬂauma

ABMINADD

n)

V)

é’m‘hmmﬁzmﬂ soxhlet extraction flask uazmﬂﬁ’uﬂammﬂ 250 ml ‘ﬁ"lll‘ﬂﬂ‘l_l
T
ladrednatlszina 3 nsuadluwiadunay  Biudiiazaigesuea-IuFy

(935187 1:2 Tae1ls11a5) Usu195 200 ml
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3)

9)

n)
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o a Qal’ o a ) 9 [V~
mmsaadaginial  mugugargiitazyameavosdiazats ldnmanaiy
a1 4-5 %2139

) ~ Y o ) Y = a
mfmazmaw”lﬂmmmﬁzmmemaszJaﬂﬂ"lﬂ Tivaedisazanelsuing

e

o

A v = A Y o

20-25 ml 1A81A304 rotary evaporator 1aun laTinineIngiimiin
o P Y 2 - i & o
idininesidn llsemelu oven Fedsgungi 130 105£3 °C ilunan 1 $2Tus

o < Y a J Y o g/ o ~ A o g/ o
wazih ldnu 1A luedames udrvaihminvesmsnmass WA VIMIINYDY
=1 J
Tinnos
o o @ o =y Yy Y o
M blank Iasmi@iazaiesuoa-udy 200 ml lUszmeliuielaei
MINAADARLDUAUMINAADINUYD 4
o P-4 A o o
Annanilesduaasunsnnazmeludriazaiesnngas
msunsn = [(W,-W,)/ W 1X100

Y

@ Y I @ A @
TW‘Llﬂ!L‘WQLﬂUﬂﬁﬂﬂJ@Qﬁ1jﬂQﬂﬁﬂﬂ

[e2}
ﬁo

A
1o w,
@ IS [

w, wnuailunsuues blank
W

o
=~

Y Y I @ o [} A 9
Unuradunsuvesnlessn lmaaes

D) 2D 3D
(] (]

SO 3 ﬁo 3

=~

p

3.3.1.2.3 MIInNEHILTiNaaniu auuIns g1 TAPPT T222-om88

AMINADDI

n)

V)

f)

9)
)

o r?} o { @ ] kY] @ 1 4

Fuihminuandaonasuninvesdrosnanin 1 asy  ldasdinmesvina
~ 4 [ 2’ < qaj 1 a ~ [~ Y

100 ml Mefinnesaslusrainds mivaooan 72% H,80, Aunouliasll

d' a Y = o 1 3’ < Y 1 9y
15 ml vae@unIalinalnmes e19iude  taznIuAsINILAInaDAa
v ' Y

NTENITTAZAWNTLIAN T LTI 137

) 4 a a y I~ o

Uatinnesalrenszanuiin uazaruqugangil 130 201 °c fluna 2 4 Tug

wiouAumsazaeos AN NANONNY 15 UIH

Y '

Hu11naR51195 400 ml asluviaduAANYLIA 1,000 ml LAZO1EAITAZAIBIIN

=} 4 Y 9 [ a Y 9 Y 9 =\ J

dnnesasluaianunan uazldnsadayin anududu 3 % aredrednnes uaz

masluviadunay

Y v

@arinau 1 1a1suassmmiy 575 ml

o I o [ us.l} 3 4

M9 reflux Hunar 4 $2 709 ndsnmiumasazarenavvaadludnmes v

1,000 ml @ana'ld 1 Au
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1 Y Y
o ' 1 . o o Y 4 4 o ¥ Y
A) NIDINIDYNNIU glass crucible ﬁ‘ﬂﬁ’llluWWuﬂLla'J ANASNDUAIYUITIDULLAD

o a

i llenfigangil 105£3 °ciflunan 6 $1luq

U

] o

%) sheemniliiEuaaluadameuazihldaininamves glass crucible 11ag
aniu
%) AUINN % aNHUIN
%anuu = Al100/W

A g’ o a a < o
5\13) = UTWHﬂﬂJﬂQaﬂHULﬂUﬂiu

Y

A
o @ 9 @ ' IS @
W = umummwmmaamﬂuﬂiu

a 4 a A,
3.3.1.2.4 myuangnliunalslasaglad @w3T Acid chlorite Y94 Browing 114
Method of Wood Chemistry (TAPPI Section , January 10, 1946) ﬂ?mmiaiawagiaﬁ W
Uszneulildae o, B uag Y-cellulose
Aan
ENAB0Y
a‘z g’ v o 1 Wd‘ [ [ 9
n) Fuihmipvesdledia lindssnnasunsn dszua 3 a5y laasluviadunay
UUNR 250 ml
= : o =) an = J @
¥) @uinaulsies 150 ml n3aezdan 0.5 ml taglwiAeunaslsn 1.5 n3u
audeldasluvadunasuaziimnaassludaiu
) { a I )
a) il anudoulagld water bath Wllganigil 70-80°C Wuna1 1 ¥2Tue Tao
WENVINDLN TN VT UD
[ ) a an =) I [
) 185U 1 $1ue @unsAezEan 0.5 ml lw@Asuaanlsn 1.5 a5y aslu
d’w 9 L) [
Asaza1eNiITeuagaNvE1vIn
) 3 M ) ] g} < @
) Maude 9 wAsURIrNa 4 $11u9 hviadunanunnelueainds awnseis
asazaeluviaiigurgiiszana 10°C
o ' . A4 d oy v vy v o
R) We@15ara1eInIeHIY glass crucible NFRiMIn13ud tazdredreinduau
vina CL (@13azanvazla) nazdnedieosd lau 100 ml
v 9
=

~ s vy oy . 2y a o &
%) Lﬂlﬂ@]%ﬂ@uaﬂiu‘i_lﬂlﬂﬂﬁ Iﬂﬂvlllﬁ'ﬂ\ifnq glass crucible IUVIUAU NUUBINSNDU

~

Y
Y o v .
‘ﬂllﬂ HAZUIVUN glass crucible

%) haznoui la llhnsnaaesn o, B uag y-cellulose sial1l
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Auravlsnalslawagladaldnn

Y
% lalawaglad = thwinudsueslslawaglaawdinisen X 100

9
@ Y

MNININIU0 9719819

33125 mannlSina o, B uag y-cellulose mu31@3§11 TAPPI T203-0m88
BNMINAADY
v o [l Ay Y [ = J
n) wadee19i Idanman Ta Tawag Taaiszana 1.5 nfvasludinnesvua300 ml
a = J Y 9 a o a
wnansazae ladoy laason loadudu 17.5% Usuas 75 ml USugurigiives
asazaeTviodluwie 25+0.2 °C
o o 1 v ll L4
¥) MIMINIUIUAIDENNILIIBAIBEANY T

v

9 o 1 ~ a [l 9 ~ J Y = s Y 9
f) ANAIDYNNNIZAADINVVNUNINDT ﬂ?ﬂﬁWiﬁgﬁWﬂI“ﬁlﬂﬂnklﬁlﬂiﬂﬂllcﬁﬂﬁm"llu
a [ aazl = = d ~ 4
17.5% ﬂﬁll'l@]i 25 ml mumzumiazmﬂimmﬂu”lamaﬂ”l%mgiuumﬂai
MY 100 ml
o @ 1 1 { a I
q) ‘1/]'lﬂ1§ﬂ'J‘L!G]'J?JEJN?S]I’JEJLWNLL%'JLLﬁVJ'IQVlEJAlH bath ﬁqmwgn 25i0.2 OC lfllu!')ﬁ'l
30 UM
= 2’ q'z Qd‘ O :j o %2 T £
) KUUINAY 100 ml AIUANYUHHUN 25%20.2 "C NUUNINITNIUAIDYIIAIY
1 Yy a =
UNNENI9N 30 UIN

a @ 1

4 ) J ' .
) Lﬁ@ﬂﬁUL’JﬁWMTﬁﬂLﬂ’f)ifJ’f)ﬂmﬂ@Nﬂ’JUﬂiJQﬂ!ﬁﬂiJ ﬂi@ﬁﬂ?ﬂm\i@s{’)ﬂ glass crucible

Yy v oy d a2 4 oy v v g A A
(hudedaein) muaannsedld 13 ez lddluasazaredivaosla
a 4
3.3.1.2.5.1 MIUATILHH Ol-cellulose
ABNMINADD
M) Malamsazarennioald 25 ml lalu flask 250 ml waz@uensazats Tnuna e
v
laTaswa (K,Cr,0.) 0.5 N 1511a5 10 ml agld mindwimsniuaisazate
I Y v Y
) fAvegldnsadayindudu 50 m adld Fazilddanuiewnatu ameli
=
15 U

a9

a oy ) ay < {
) @minau 50 ml nagialnioungunines

a

a a a J o Y
N)) LWJW\IE]IE%H DUALALNDT 2-4 YA llagﬂ’lﬂ']ihl@l@5ﬁﬂ35 0.1 N U3a15agay

[ [ $ 3 [l
wesauou Tudlsusala auasazarelasuiluaiig
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o 4 =] = J a

Muuasd lasmawseuasazare Isaon laason lod 17.5% USuas 12.5 ml
Y

NENNUUT 12.5 ml

AMUIUNT % Ol-cellulose 18910

% Ol-cellulose = 100 —6.85(V,-V ) x N x 20

A xW
il v, = P5nasiilFlums lamsamsdredis mi)
v, = 5masildlumslamsa blank (mi)
N = Normality vosaisazaroosauen luHousama
A = USinasvesdiuiingedld (m)
W = ﬁymﬁﬂuﬁ’wmﬁmsinm%'(ﬂ%’m)

3.3.1.2.5.2. MR B uag Y-cellulose

A5MINAADI

)

)

f)

3)

?)

)

¥)

)

Ilaarsazarenniodldsuias 50 ml laaslunszuonaisuuin 100 ml

= 9 a vy 2 1 @
RN aga3 AL 3 N 151105 50 mi e lvidhiu

=

9 o 4
Iranuioununizuenaie laely water bath Ngamgi 70-90°C (1 ldnan

U
Y Y

[ :zl o 19 [~ v Aa
Uszunm 15 wd) nasnniui ldlddawiunar 1 au dena31danaznou
S oy 9 Yo . = < =
vnmsuengude ldauysel 19Hng centrifuge (MA1M15250D 4,000 50U/UT)
I ~ 1 a (] A g < Y
e 30 w1i wagaesq Tudumiluaisazatolasenuuny 13

Unlaasazarelan 50 ml lalu flask 300 ml Buasazats K,Cr,0, 0.5 N

9 a

F4 P4
10 ml MiniuAes ldnsadaysndudu 90 ml wlinnudownaiu

uszl Qy 4 A A g’ ) e vy A a g
GN‘I/]\‘Ihl’J 15 YN WUUIINAU 50 ml meﬂmﬂqumﬁﬂuwm

U

a = a a J o
mmvxlﬂmu DUALALNDT 2-4 YA Lmzmm‘flﬁmmﬁlw 0.1 N vp3a15azay

wlosaueuTuiloudama [Fe(NH,)S0,] aumiazanoasuiludiing

o

#1 blank TaelFasazarsTxden leason laddudu 17.5% U5uas 12.5 ml waw
Y

AU 12.5 ml uaznsadayfsn 3 N 25 ml

AU % Y-cellulose 11N

% Y-cellulose = [6.85(V, =V, ) x N x 20]

25x W
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Usuasnlslums lamsaansdieda (ml)

1.
a0}
<

I

USasnlFlums lawmsa blank (ml)

<
Il

@) A % B -cellulose 18910

% B -cellulose = % holocellulose - % Ol-cellulose - % Y-cellulose

332 MINITHUAIDY
3.3.2.1 MIATONATIATUTS
o Y ¥ Y A a = < o
mmseudulomuuzninngurgil 105 osruwadod Wunar 6 w1 Tus
] Y A
o ldlianwrulszana 12 % nndwihmsdivdysandulenuuzndnlaeilduylu
P a [~
msazang ImRon lanson laananududu 5% 10% 15% waz 20% qaivigil 28+ 1°C 1ilu
1 Y 4 ]
na1 72-76 e dAndrsiazoiavaiegase aundudulelifianuauvesssazate
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A NUAAIHAFUAVDIA AT UUTIADFNUANIINEA NS TNTAFINAVDI

noaNsaunsl INaa

~ D] ) Y A o A 9 o '
M31N 7 waveudu lamuueniNiumslTul§arRInIe NaOH 5%taz10% Tuonsiaiu

1dule 1%005% NaInanoa Tensile strength YVoInodlonsauaeu Inda

Tensile strength (MPa)

e NaOH5% 1F NaOH5% S5F NaOH10% 1F NaOH10% 5F
1 9.18 8.59 8.86 8.59
2 8.97 8.84 8.68 8.66
3 9.98 8.68 8.97 8.23
4 9.11 9.06 8.58 8.52
5 9.13 9.17 8.82 8.87
6 9.19 9.20 8.93 8.45
7 8.90 8.91 8.97 8.61
8 8.77 8.59 8.91 8.68
9 8.96 8.79 8.78 8.29
10 9.10 8.58 8.56 8.54

Avg. 9.13 8.84 8.81 8.54

SD 0.33 0.24 0.15 0.20
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~ ] P Y A o A 9 o '
M31N 8 waveudu lamuueniMNiuMIUTUIFIRIAI NaOH15%11a220% Tuonsiaiu

1dule 1%az5% Nawanon Tensile strength YaenodlENTaUADN INdn

Tensile strength (MPa)

e NaOH15% 1F NaOH15% 5F NaOH20% 1F NaOH20% 5F
1 8.96 8.14 8.90 8.85
2 8.75 8.06 8.72 8.03
3 9.16 8.72 9.25 8.46
4 9.23 8.58 8.76 8.45
5 8.90 8.48 8.96 8.47
6 9.10 9.01 9.01 7.55
7 9.04 7.80 8.93 8.17
8 9.20 8.63 8.98 8.44
9 8.87 8.38 8.96 8.48
10 8.82 8.68 9.08 8.47

Avg. 9.00 8.45 8.96 8.34

SD 0.17 0.36 0.15 0.35
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{ v v Y Ay 1 o ) Yy A @ a A
5191 9 waveudulemuuznd i hirkumsdsulge dulendratadunaznodensau

Tudanandulol%iaysy Ndananen Tensile strength YodNoAONTAU

Aoy Inda
Tensile strength (MPa)
No. Untreat-fiber Untreat-fiber
LDPE Glass 1% Glass 5%

1% 5%
1 10.58 9.11 9.48 8.93 7.93
2 10.04 9.9 9.70 9.31 8.08
3 9.80 9.74 9.75 9.1 8.18
4 10.17 9.52 9.61 9.4 7.94
5 10.29 9.63 9.54 9.34 8.13
6 10.08 9.52 9.69 9.34 7.86
7 10.23 9.39 9.72 9.55 8.16
8 10.33 9/65 9.80 9.16 8,28
9 10.11 9.47 9.89 8.89 7.64
10 10.63 9.51 9.62 9.2 7.89
Avg. 10.23 9.54 9.68 9.22 8.01
SD 0.25 0.21 0.12 0.21 0.19




A Y Y 9 A [ 9 [ 1
M319% 10 waveudulomuuzninrumslsulgsdie NaOH 5%az10% ludasiaiu

idule 1%a25% NadHandal Tensile modulus UDINOABNTAUADY TNEA

Tensile modulus (MPa)
No.
NaOH5% 1F NaOH5% S5F NaOH10% 1F NaOH10% 5F

1 49.51 63.62 50.22 64.68
2 47.58 60.21 49.07 61.61
3 47.27 65.82 47.68 63.99
4 48.42 56.47 48.35 59.84
5 49.88 55.39 50.91 65.22
6 46.65 56.87 49.15 62.05
7 45.75 59.42 48.91 59.53
8 49.24 64.41 47.24 61.92
9 49.00 61.74 49.02 66.46
10 47.18 58.80 48.45 628
Avg. 48.05 60.28 48.90 62.81
SD 1.37 3.56 1.09 2.27
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A Y Y 9 A (% 9 [ 1
M3NN 11 waveudulemuuzninrumslsulgsdie NaOH 15%ag20% ludasiaiu

idule 1%a25% NadHandAl Tensile modulus UBINOABNTAUADY TNEA

Tensile modulus (MPa)
No.
NaOH15% 1F NaOH15% 5F NaOH20% 1F NaOH20% 5F
1 49.66 70.55 51.54 74.58
2 47.18 74.75 50.80 62.61
3 46.73 60.78 49.20 64.64
4 46.26 68.24 49.52 66.80
5 48.75 57.51 48.27 70.91
6 47.97 56.73 46.82 70.01
7 53.41 72.23 51.84 58.98
8 46.35 59.20 50.40 75.15
9 50.36 63.09 47.56 55.19
10 54.96 60.16 48.63
Avg. 49.16 64.32 49.46 66.54
SD 3.00 6.56 1.68 6.85
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{ D v Y Ay 1 o ) Yy A @ a A
m31d 12 waveuduloduuzning hirdumsdsulse dulondstiaduuazwedensau

Tudasrarnudule 1% uag 5% NaaWanoa Tensile modulus YDINDALONT AU

Aoy Inda
Tensile modulus (MPa)
No. Untreat-fiber Untreat-fiber
LDPE Glass 1% Glass 5%
1% 5%
1 23.35 41.81 45.43 47.91 79.55
2 17.41 42.74 47.5 42.49 78.29
3 33.65 38.96 49.87 47.43 79.00
4 33.17 40.77 44.63 47.55 76.25
5 37.25 39.51 46.39 47.58 75.26
6 32.57 40.48 48.21 44.61 88.27
7 35.37 38.23 47.84 47.23 72.24
8 32.20 39.36 47.24 4421 67.47
9 34.54 37.2 49.82 47.57 85.54
10 35.32 38.62 47.28 46.3 76.36
Avg. 31.48 39.77 47.42 46.29 77.82
SD 6.20 1.69 1.68 1.98 5.99




A Y Y 9 A [ 9 [ 1
M319% 13 waveudulomuuzninamumslsulgsdie NaOH 5%az10% ludasiaiu

1dule 1%az5% Naewanenl Elongation at break Yoanoateniauneu Inda

Elongation at break (%)
No.
NaOH5% 1F NaOH5%_SF NaOH10%_ 1F NaOH10%_S5F
1 131.69 88.10 123.00 89.98
2 135.12 98.65 108.02 89.70
3 130.32 89.32 120.55 109.83
4 123.64 110.20 116.17 117.89
5 125.31 108.85 130.77 113.72
6 146.78 113.20 142.82 109.28
7 134.32 105.45 125.93 107.48
8 117.70 94.10 125.19 93.71
9 124.73 94.86 107.50 92.53
10 130.45 98.31 104.24 102
Avg. 130.01 100.10 120.42 102.61
SD 7.97 8.87 11.88 10.46
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M3 14 waveudulomuuzniniumslsulgeais NaOH 15%1a220% ludasiaiu

1dule 1%az5% Naewanen Elongation at break voawoaeniauneu Indn

Elongation at break (%)

e NaOH15%_1F NaOH15%_5F NaOH20%_1F NaOH20%_S5F
1 121.38 89.21 135.80 116.25
2 114.02 73.14 125.95 72.55
3 126.40 110.20 150.36 93.43
4 142.63 94.32 121.27 91.00
5 121.78 110.14 137.04 86.14
6 141.00 120.26 118.61 81.29
7 126.18 73.74 123.21 93.61
8 145.80 111.32 144.74 105.23
9 109.39 113.31 121.66 86.17
10 101.05 106.18 131.63 11232

Avg. 124.96 100.18 131.03 93.80
SD 14.77 16.73 10.78 13.79
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{ v v Y Ay 1 o ) Yy A o a A
319 15 maveudulenuuznd i lidumsdsulge dulendrstiadunaz nodensau

Tudanaudule 1%uags% Naananon Elongation at break UBINDALONTAY

Aou Inda
Elongation at break (%)
No. Untreat-fiber Untreat-fiber
LDPE Glass 1% Glass 5%
1% 5%
1 229.44 148.95 180.39 124.61 80.06
2 232.33 171.2 170.49 166.3 91.00
3 220.11 183.9 159.82 132.86 82.27
4 224.84 165.27 177.26 145.38 88.45
5 219.74 183.32 183.68 140.13 95.79
6 226.62 170.13 172.20 154.07 65.39
7 211.13 187.2 178.50 149.54 97.18
8 256.43 186.24 179.46 150.12 104,70
9 213.24 193.16 181.04 123.99 79.22
10 218.50 185.96 177.19 140.5 79.90
Avg. 225.24 177.53 176.00 142.75 86.40
SD 12.86 13.42 6.92 13.25 11.34




A Y Y 9 A [ 9 [ [l
M3 16 waveudulamuueniNiumMslTuLl§a998 NaOH5%1az10% 1udns a1

idule 1%a25% NadHandal Flexural modulusyodnoatoniaunoy Tnda

Flexural modulus (MPa)
No.
NaOH5% 1F NaOH5% 5F NaOH10%_1F NaOH10%_5F

1 136.10 156.20 143.79 151.61

2 140.61 151.49 133.58 164.84

3 131.67 151.61 131.67 152.24

4 137.43 151.38 140.90 143.14

5 145.07 145.41 145.35 158.55
Avg. 138.18 151.22 139.06 154.08
SD 5.016122 3.834289 6.123012 8.138312

)1 7] ] ¥ A o v
A1319N 17 wammmu%mumwsw’mmumsﬂiuﬂ;qma NaOH 15%:ta220%

Tudasranudule1%iaz5% nadWansa Flexural modulus Y0IWOADNT AU

Aol INda
Flexural modulus (MPa)
No.
NaOH15% 1F NaOH15% 5F NaOH20% _ 1F NaOH20%_SF

1 142.70 155.05 144.96 158.77
2 138.39 160.85 136.18 157.23
3 138.55 157.88 142.32 180.44
4 138.27 146.01 150.63 150.32
5 141.11 173.00 145.34 155.02
Avg. 139.80 158.56 143.89 160.36
SD 2.001095 9.798503 5.257944 11.671
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{ v v Y Ay 1 o ) Yy A o a A
a319h 18 waveudulenuuznd i lidumsdsulge dulendrrtiadunaz nodensau

Tudasrarnudule1%iass5% naiwansal Flexural modulus UY0IWoaoNTaU

Aou Inda
Flexural modulus (MPa)
No. Untreat-fiber Untreat-fiber
LDPE Glass 1% Glass 5%
1% 5%
1 133.00 135.72 278.15 124 183.26
2 139.65 150.74 260.10 133.36 162.12
3 122.69 155.24 268.68 123.75 180.08
4 132.18 144.61 245.67 136.5 175.47
5 123.12 153.4 247.32 130.19 176.81
Avg. 130.13 147.942 259.98 129.56 175.55
SD 7.203532 7.927151 13.88259 5.649562 8.092031
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