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Abstract

Cosmetic packaging is commonly made from non-biodegradable plastics such as
polypropylene (PP), polyethylene terephthalate (PET), or acrylonitrile-butadiene-styrene
copolymer ( ABS). Waste of these polymers causes environmental problems and
microplastics. Therefore, biodegradable plastic is a material used to replace conventional
plastics. Polylactic acid (PLA) is the biodegradable polymer having the potential to be
used for commercial applications. However, due to the limitation of PLA property that is

hard, brittle, and high viscosity, the property of PLA must be improved by mixing with
PP. The blending of PA with PP can improve the toughness of the polymer blend, but the

compatibility of both polymers is a drawback of the blend. In this research, the addition
of PP-grafted-maleic anhydride (PP-g-MAH) as a compatibilizer for PLA/PP blends to

improve the interaction between the surfaces of both polymers was studied, as well as
preparation of composite materials between PLA and PP by adding bamboo fibers as
reinforcing substances.

This research studied the preparation of PLA/PP blends at ratios, 80,20, 60,40,
40,60, and 20,80 by weight and adding PP-g-MHA at the amount of 1, 3, and 5 phr (part
per hundred of resin). Thermal and mechanical properties, and morphology were studied.
It was found that the acceptable condition of the PLA/PP blend ratio was 40/60 by weight
with 5 phr of PP-g-MAH. After that, the blended polymer was prepared as a composite
material by using bamboo fibers (BF) that had been chemically treated as reinforcing
agents. The content of BF in the PLA/PP blend at 5, 10, and 20 phr was examined subject
to thermal, chemical, and mechanical properties and morphology.

The characterization results confirmed that the addition of BF did not affect the
crystalline melt temperature of PLA and PP. The FT-IR analysis confirmed the chemical

structure of the polymer composites. The test results of the tensile strength and impact
resistance of the composite materials conformed to the morphology. The most suitable
content of reinforcement was 5 phr of BF. The PLA/PP/BF composites are eminent

materials for cosmetic packaging applications using an injection molding process.

Keywords: composite material, polylactic acid, bamboo fibers, reinforcement material
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Table 3
Mechanical properties of bamboo fibre based reinforced composites.

Bamboo fibre based biocomposites Tensile strength (MPa) Young's modulus (GPa) Hexural strength (MFPa) Flexural modulus (MPa) Reference

BF (30%) + PP 2580+6037 1357089 45,40 +0.88 2077+4 [74]
BF (30%) + MA-g-PP 37.37+047 1.37 +06 56.73 +0.49 2929+5

BF + MA-PP 351+242 4.69 £0.55 = - [71
BF +EP BEST - 119.69 11901.11 [53]
BF + EP + NaOH 135.00 - 149,00 9500.00

BF + PE 126.2 2.48 1285 3700.00 [52]
BF (30%) + HOPE 2547 2674 27.86 2911.70 [80]
BF 30% + HDPE-MA 2854 2.878 53.76 4313.0

BF (40%) + IUP = - 387:48 40048+ 216.7 [81]
BF+ PE 74 = 107 4373 [56]
BF+EP 86 = 118 11901 [55]
BF + EP/PE 135 - 149 9500 [82]
BF (30%) + PP+ 43.96 124020 45.42 1920.75 [83]
Bamboo (30%) + PP-MA 46,65 142555 52.30 2096.95

BS (60%) + PP - - 19.15+t 14 3132016 [71]
BF + EP 87 - 107 11901 [53]
BF-EP-MaOH ( 5%) 135 - 154 9500

BF = bamboo fibre; BS = bamboo strips; PP = polypropylene; MA-g-PP = maleic anhydride grafted polypropylene; EP=epoxy: PE = polyester; HDPE = high density polyeth-
ylene; IUP = isophthalate unsaturated polyester resin.
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M5190 2.2 AUTANIMENINLAL NI AFINAVDINDALAAANIDTA (NTANA [22]

AUUANIINMEYNW Ingeo Resin ASTM Method
Specific Gravity 1.24 D792

MFR, g/10 min (210°C, 2.16kg) 22 D1238

Clarity Transparent

aulAmIna Ingeo Resin ASTM Method
Tensile Yield Strength, psi (MPa) 9,000 (62) D638

Tensile Elongation, % 3.5 D638

Notched Izod Impact, ft-1b/in (J/m) 0.3 (16.0) D256
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2.4 JaanaulWan (Composites) [24]
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(PP-g-MAH 3 wt%)
maeseudule’ln

&ule'lei 0, 5,10 uag 20 phr

)

VUIA 209 lUATOU

oufigaungil 80 °C Wunan 12 hr
v

Jd v a
ﬂﬂﬂWWﬂﬂﬂﬁﬂﬂﬂNTWﬁﬂ

Y @ 1
ﬂ’JﬂﬂiZU’Juﬂﬁﬁlﬂ%mmuﬁﬂjﬂ
Y

49! =Y Y =
mugﬂ%mmmﬂﬂizmumﬁm

(Injection Molding)
v
NAFOUANIAN1I
v v I v v
auiannNuiou anvaEaMgIu guianauni quiiaana

v v v v
DSC SEM FTIR -Tensile strength
- Impact Strength

9
%

d‘ ~ [ a
5 3.2 FuaeumaeTondagaonIngn

331 MIEEENNORINDIHANSE WD ALANANIEFALAZNEA INTRAUTAUNDA NS
faunslduasnueulalassiiluasiFontsza
1) FahminUedNoAmNeSTE 1119 PLA/PP ANUSATIZIU 80/20, 60/40, 40/60,
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Tun iz T59e13610619 (Pan) imssawivaueima liamnsonnlu1a

2) aangmanadoy laun mngaungil 20 °C DI 250°C UAZFATINTINUAIIN

I . o a 4 1
Foudlu 10 °C/min udWMIUATIZVINAN 1

33



a @ [ a —N~4 1
342 MRz anyuzdugIuINeIRIendnigansmisanaTeULLLE0INTIA

o Qy o @ I Qy

MFUNUNEIUNTNATDUMTNUUTINTZUNNUIAALANT UFUIUIA 0.2 x 0.2
a a o & A ) 1 a o I Y Y
adwas uazihyuauuuadoudnir i wu nes unndvy dudu meldanneaaarnea
o 1 a d o a { 1
i lildesdrenszualih 15 AlaThad ims@enmnusnandesnsuazoemn

343 Manadevuauiamna ldun
1) MINUIMUADLITIA (Tensile Strength)
Y v Y
1. AFUNUANIIA YUIA 19x168x3 Taamns A93UN 3.6 inazFununaaauuTia
) A ] v R LAy Y A Y o

AN NazANUINNL LY U AN laie 9 lumaaiuia
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15199 4.1 WaﬂTi%Lﬂi?gﬁﬁuﬂaﬂNﬂ’NN%}ﬂuﬁ}’w DSC

Nl ('C)
PP-g-MAH
PLA/PP T, T, T,
(phr) T,
(PLA) (PLA) (PP)

- 61.82 125.03 152.47 -

1 60.96 122.35 151.57 -
PLA

3 61.84 114.58 154.25 -

5 60.37 110.73 150.58 -

- 63.57 110.11 152.68 -

1 61.89 109.15 149.79 -
80/20

3 63.44 108.20 153.22 -

5 57.60 101.27 151.64 -

- 63.57 - - 162.76

1 61.89 - - 163.00
60/40

3 63.44 - - 162.90

5 57.60 - - 162.97

- 60.51 - - 164.54

1 59.88 - - 163.55
40/60

3 60.82 - - 163.93

5 56.47 - - 164.70

- 54.56 - - 164.05

1 56.07 - - 164.85
20/80

3 54.32 - - 163.98

5 55.24 - - 164.14

- 47.96 - - 165.41

1 48.65 - - 165.68

PP
3 48.87 - - 165.30
5 47.42 - - 165.35
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A a A A = o Y a 4 2’, a a
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9 A ( &’ a = 9 A o 1 T W
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Tﬂﬂu’l‘ﬂuﬂ dad3IUUDY PP U1ND3 80 Lﬂ@il“ﬁu@ aﬂﬂmgﬁmﬁ'lu?%fﬂLTTULWfNﬂ'ﬁEJﬂGYJEUENW\Iﬁ

1 4 v
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4.3 Wﬂﬂ]ﬁﬂﬂﬁi’)ﬂﬁﬂﬂﬂ!‘lﬁﬂﬁﬂli’)x‘l‘l"lﬂﬁ!u@ﬁﬁﬂﬁﬂ PLA/PP nasiad PP-g-MAH ﬁJu

mswendszany

4.3.1 HAMINATDUMITNUNIUADLTIA
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H J a 4 { o ' 1 a
ﬂ"li1\'iﬁ 4.2 WﬁﬂWi‘ﬂﬂﬁ’t’]‘Uﬂ'lﬂ'li‘Vluuiﬂﬁx‘ﬂl@\‘iwaﬁm’ﬂiwaﬂ PLA/PP ‘ﬁ’t’]@]i'lﬁ'ﬂ!@'l\i q Hagtay

< A
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1 1 ﬁ
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13119 PP-g-MAH (phr)
PLA/PP
0 1 3 5
PLA 70.15 1+ 0.46 67.5 £ 0.48 64.68 1+ 0.28 63.13 1+ 0.78
80/20 56.89 £ 1.29 45311+ 13.84 51.36 +3.35 53.451+0.59
60/40 48.8 1 0.32 47.79 £ 0.44 47.19 £ 0.68 45.86 £ 0.97
40/60 41211032 42.09+0.68 3898 +3.1 40.77 0.6
20/80 34.69 1 0.48 33.43 1+ 0.62 35.19 £ 0.46 34.04 T 1.01
PP 31.89 1 0.1 33.81 1 0.47 34591 0.1 34.5510.08
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J g v a 4
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15118 PP-g-MAH (phr)
PLA/PP
0 1 3 5

PLA 422103 389104 3.77£0.06 3.9410.3
80/20 3251026 3.30 £ 0.23 3.4410.48 3.49 0.08
60/40 317102 3.11%03 3.02%0.1 2.90+0.18
40/60 270 0.15 2.70 £ 0.07 267103 2781022
20/80 2411018 2.2110.05 2.3810.1 2.26 £ 0.23

PP 1.90 £ 0.06 2.1410.13 226%0.13 2.03£0.06
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7 # hiAvmsyeulszau Inwegadvesanmwdarguanaulolsuim PP Ay io1nina

Y
m3uenasynIweae NG 2 ¥iia
g ! M Y
PLA U3 gninauasiseudszauiy 1A wegaavesanmdanguanasaiudiay

v
=

~ a LA a A 9 ) A ' A X A4
GLU“‘U'[M%VI PP ']JjqVIﬁ1/]W]llﬁ’liHff]llTJ53'(3”u11’[ﬂ’lu@f}aaﬂ]@qaﬂTWﬂﬂﬂquLWNmugﬂ‘ﬂﬂlu

a 4

AT UNRWBIHEY PLA/PP N0AT1dIUAN 9 ANasFoNlsz ey wunawegad

A 1 A o U = Y A 49! A [ A ] A
VIIANNIANIUNOATITIU 80/20 VLU TUMNNUY Gll!‘?llﬂ!%“lflﬂ?NﬂﬂﬁﬁﬂJ@ﬂﬁﬂWWﬂﬂunﬂ

E]

=\

[ [ A = <3 Y 1 [ [ [l A v o W (Y] Y a
DATITIUDU 9 ummJasJumemﬂuaa"lmmﬂmmu@mwu&mﬂag LL@]ﬁQLﬂWUMQWﬂWiW]NﬁWU

Woudsgamuninni 3 phr i ldAmesdavesanmavguanad

4.3.2 HAMINATBUMINUNIUADUTINTZLND
HAMINATOUNITAINITNUNIULTINIEUNNUYDINOAILOS WAY PLA/PP NOAI 1 IUAI
100/0, 80/20, 60/40, 40/60, 20/80 1az 0/100 Tagriniin az 14 PP-g-MAH Wuasiaenilszaiy

' 9 '
N5 1, 3 U8 5 phr U HEAIAINMIINUMULTINTEUNNAIATNN 4.4

H a J 1 a a a [
{mi"lflﬁ 4.4 FANINATDUNITNUMUUIINTEUNNUDINDAUNDINTNUIECHINNOALLAAANLIDYANL

a ad 4 o ' 1 a a an J a J <
NOA INTNAUNOATITIUAN J| LlagWHJW'E]ﬁIW'EWQuﬂi’W‘IG]N’llaf]ﬂllf]u]lﬁllﬂiﬂlﬂuﬁ'ﬁ

Fourlszau
AMMTNUMUABUTINTZUND (J/m)
13119 PP-g-MAH (phr)
PLA/PP
0 1 3 5
PLA 16.71 = 1.74 17.22 = 1.46 17.36 = 1.26 17.44 = 0.35
80/20 22.07 £ 137 23.89F 1.42 34.09 X 3.67 2333 10.15
60/40 28.17 = 1.64 28.14 £ 1.06 39.95 1 0.14 26.24 1+ 1.54
40/60 4228 £1.79 44.61 £ 0.89 49.59 & 4.60 43.61 1 1.49
20/80 28.92 1 0.99 22451 1.52 23.37 £ 1.91 21.64 £ 1.35
PP 15.99 +0.08 19.34 1 0.95 21.79 £ 0.26 18.11 £ 0.30

42




M3 4.4 HAAIAIMINUNMUUTINTZUNNVDINDALNDS WAL PLA/PP NOAT1AIU 100/0,

¥ o Y I A A

80/20, 60/40, 40/60, 20/80 Az 0/100 Iasu1nun uaz ¥ PP-g-MAH Wuaisiondseaiun

) 4
S 1, 3 uag s phr W ULeSSeUREUND PLA 1ag PP USENT UAIMINUMULTINGZUNN
I 2 o w R A Y A 1] A A a 4 ~
Ay 1.6.71 1A 15.99 J/m’ gua ey Falarlnamesn .o N saIWoaIuesHay PLA/PP
oR31aIUAN ) N IR IFoNUTZAI WUNAIMINUNIULTINTZUNNYNOATIAIUGINTINDA
J A <¥ @ J < ¥ o 1 {

WS U gNINInua 0as1au PLAPP 11U 40/60 Taeriniiin ldmimsnumuusinszunngsiga

0942.28 J/m’

La

v 9
PLA mqmmﬁumn%uﬂszmu“luﬂimm@m U “lﬁ’mmsmumumqnizum

Y J

Tndifeesnu uanUsuaasdoulseaiu 3 phrldA1nsnunIuLsINszunnganga uaz PP
a Q(til a A Y Y A (2 A A A

vigninduasweulszauldainsnumuusinszunnlndmesny uaznlsnaaisdon
Usgau 3 phr T IMsnuUMuLsINszUNNgR gAY

o [ a 4 { Y 1 1 { a 4 1

dmsunedwoeinan PLA/PP 19a51d21AN 9 v siyontszaiu wunluyn
[ U =Y A A 1w Y Y A A v A A A a
oasauuazlsnamaaunmoulisur Tuunisneassnmilounuae NUTuaNsANANT
@owszaiu 3 phr I¥AIMINUMULTINTZUNNGINgA TaoNoAT 1@ IUNANTEHI1e PLA 1D PP
1 40/60 LazmM AN TAINYsTA LT IY 3 phr IRAIMINUNIULTINTZUNAMIAD 49.59 J/m’
= 9 v W @ a A = a A A d%’ I [
FegoandeInUanyurduguInewazwedTmumsmua o usea Ny s phr o

4 a 4 a 3
DIINUMULIINTSLUNNITAAAN Lﬁﬁ]\?%?ﬂW'ﬁ)am@iNﬁiJLﬂﬂﬂ1i!lEJﬂLWﬁ%u

aoUNl 2 MmN TagaaNlnan PLA/PP @3aussimdulylu (BF)
MNWANINAADIABLT 1 WORBSHAY PLA/PP 11 PP-g-MAH luasigeulszay

1 Smsrdruneamesnal PLA/PP ANz auie 40/60 Tasrimin uazi3uta PP-g-MAH i

wInzaufe 3 phr daifu Senu luvuaeud 2 Tasmsiasgndagaon Inan PLA/PP uaziiiy

idulelidluansaSunsa

4.4 wadnvazMamamnvsadulylkiuaz aanenlwan
nduleldiiiunsaavuianimgddnsasdugiuineidrondesgansssl

ag ' v {
DLANATDULUVADINT A llﬁﬂﬂﬂdgﬂﬁ 4.3
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»
) 100 km o =
scth z o SEI “f8kv. ~WD13mm, sssp ™
SEl 15kV - WD15mm  SS50 x200  1oopm N MMERMUTT S o e

4 a 9 v 1 [ a (% (% a
gﬂﬁ 4.3 ANy mj;m'mmmmmuiﬂ"lw (M) pousuan MKl (V) vaslsuanImi

Y [ o Y =y a 4 1 a a
@ule'ld aewihunlsdluasiasuusalunedwesway PLA/PP 5zMI1aN0aUAAAN
a % a Y= g’; [ ~ 1 9 = 1 1 @ [ a
poFanuWod Insia Uy uaasaezii 4.3 (0 wudnduletvinalvgnimaimsdsuanini,
Y o { a A a a a ] 'q 4 o
udadagli 4.3 (v) Arvguse Naeanilsn antivuazeiimag ladinizegiad [30-31] Weriims
[ a 9 9 v 9 ] J
Usvaaminduledronszurumsmanil TagmsumduleliluaisazareTo@enlansenlsa
{ I @ o [ I 1
(NaOH) AUy du s phr ifunai 72 1 1ue udwimsdSvaamliidunais wusnduled

<3 1 < @ 4 a a a a
GlJu'lﬂlﬁﬂﬁ\‘lﬂfJ'Nlﬁu"lﬁ}%ﬂ Lﬁ'ﬂQﬂ?ﬂﬁﬂ?iﬁ@ﬂﬁ@ﬂﬂ]@ﬂﬁﬁﬁﬂﬂﬁﬂ aﬂummmammaghﬁ

v

R SR | A
y

{ "“‘f;&a(' | ¥ K

P v Ay

BT o ,4(_,__7. »

s ] o ¥ )
ol L2y o B ) i
o TN 2o

(M) 0 phr (¥) 5 phr (M) 10 phr (9) 20 phr

Ul 4.4 ARUNMIRVEITHRAEN THEN PLA/PP t1az PLA/PP id5uusedaidule liniSnaaie

A A ¥ 1A o Y A 9 ° A a P
WewssudulelindSuanmalrenszurumsmaniuds  hwanlunedmeswery
1 %,’ v a { o { 1 a
PLA/PP 8031891 40/60 lagtimin TagduiilSune 5, 10 uag 20 phr 433109 4.4 nunmsay
9 [ a 14 o Y ¢ (A =\ ] I = %’ A a
wdulelilunedweinan PLAPP vhlddvesnounnanlasunndynyuiudihaainann

[

Y ) v 9
Wule'lW vazaianvazduvwiolsnavo udule Tumnau
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45 HaMInaaUANDANIIANNGOUVRITagAaNINEN PLA/PP 1azia3unsnlg

wulelidemaiia DSC

o w a a 9 9 ld' 1 a 4 o
uTJﬁﬁ]ﬂEHJIWZ‘WI PLA/PP uazmsuuiqmﬂmuiﬂwmﬂ?mmmm UIUATIEUTUUANN

9 Y a a J = a a2 ~ [ A
ANuFoUMITMALAANMoSITUFIa AN UUAAATUNTUAAIAINITINN 4.5

Mm319fl 4.5 auianuanuieuvesiagaon Tndn

PLA PP

BF T, T, | AH,

. . T, | AH, | T, |AH, | T, | AH,
(phr) (0 | (O | @) . . .

O | @) | O | @) | (O (g7
0 63.29 | 116.83 | 657 | 15446 | 1125 | 16092 | 7.59 | 167.80 | 109.87
5 64.64 | 11674 | 639 | 153.91 | 1033 | 161.60 | 13.97 | 169.43 | 113.39
10 64.53 | 11430 | 5.02 | 153.60 | 8.05 | 161.92 | 14.10 | 168.76 | 112.18
20 63.91 | 11243 | 3.99 | 153.33 | 4.00 | 161.98 | 16.17 | 169.94 | 85.67

A o 9 @ a a 1
ATTNNN 4.5 Ll,’tffﬂ\i’ﬁll’UG]‘VI1\1?131%3?]1‘!61]@\1’)?(@?]6%11/\!?(1/] PLA/PP mmuﬂﬁ’amﬁ’uiﬂw

wunmaauduleln lidinadea T, waza T, veanoduandnueda uanua T, Huna Ty

1 A a 9 ] =Y ] Y a v A @ ] a 4
aAnl NAIND ﬂﬁmnlﬁuiﬂqwiuﬂillTm3J1ﬂ‘l)”JfJGl°ﬂﬂT§Lﬂﬂfﬂi%miENG]’MIEN?HiIGﬁWE]mSJE]i

Y
wnvu arumsidudulelnlidawanon T, v PP uRe iy

a d A v a a
4.6 wamIAzHRaNUAMAANVEITagARNINGN PLA/PP tazia3uusanaduly

leidenaiiayiSeinsavesudursusaanlalnsalail (FT-IR)

U1lagn
Y

antamuAlAIBmALlA FT-IR 1aaaai3ili 4.5
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au Indnse1319 PLAPP e suusaaedule TWndsuiaais q sdmsigH

4




20 phr

10 phr A - V W

5 phr

:

Absorbance

0 phr

“\vﬁ" wr"' \rh n r' W
Bamboo fiber

| I I I ] [
4,000 3,500 3,000 2,500 2,000 1,500 1,000 500

Wave number (cm-?)

51 4.5 slnasuvesiagaonIndn PLA/PP @3uns sioduleliinfFunueie 4
@nasuved PP uaasfinNayitia 2956, 2910 (g 2830 cm” LAANDY —CH,— 1ag —
CH, swaauuaz ey 1452 uag 1377 cm' u@aedy -CH- tag —CH2— awaay [32]
@ i o 1 - 1 J v
a1lnaFNV0 PLA WUNANGHUL 1746, 2995, 2946 1Az 1080 cm taaInyWansuves C=0, —
Y
CH3 asymmetric, -CH3 symmetric ttag C-O MNAAY [33] WU
o Y ' A A ¥ oA ' -1 = < o
anlnafuveuduleld wusinindesfigasae 3350 - 3250 cm' UENDIMTAUVDIHUTE

¥ 1 1 a %I
O-H uaasdaiuse laTasnuves Turanaih vsweniusag laalusssumaansaazaiei laa

v
o

Hazfini 1493 cm’ HAAIMITUALNOUVDY N-H, C=C 1azfaNdun1a 1249 cm” uaAIdIns
FUALINOUYDI COOR UASNANAUNUL 1118 cm” 1A% 881 cm’' UAAIDINUTY C-O-C VD4

iyag lad [34-35]
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4.7 Wadnuazdug1IUINGVaITagRaNI AN PLA/PP 1a3uussdseduleln

o w

WTaanonInan PLA/PP @S uusasradulelinySuaaie g nlmseidnyaue

L)

[ Y Y

a A< ' @ {
ﬁﬂ!ﬁ'I‘L!’)‘VIEJ'Iﬂ')flﬂaﬂﬁﬂﬁﬂiiﬁﬁ@tﬁﬂ@i@uuﬁﬁﬁ@ﬂﬂi']ﬂ @Ngﬂﬁ 4.6

a3

(M) 0 phr (V) 5 phr (M) 10 phr (9) 20 phr

51 4.6 dnvauzdugiuinervesigaaouIndn PLAPP @5 uusesradule’ld (fdsvens

Y

2,000 1911)

A I~ Y 1A Lg a 4 a 4 1
11n3U7 4.6 (-9 nuwduleTidnuniuluumsndvesnedmesnauszyag PLA
1Y ] [ a J 4 ] [ a
fu PP uazidule lWinsdamiziuuunsng lda riosanidule ldinisdsuaniniidqe
= o Y I ~ 1A A 9 ] é} = 1
aszurumsmaninewtnlsiueasaiuuse uansuanduleliuinyuna 20 phr wuN

9 = v g 1 9 @ = a o
Lﬁu"lﬂ"lwumsgmzﬂmﬂuﬂquﬂau ﬂizi]?ﬂ@]’)uli\lﬂslullu‘l’liﬂ@]ﬂ

4.8 wanaaeLANTABINAVRITagAeNINaN PLA/PP a3unssngdauly’

4.8.1 HAMSNATOUNITNUNIUADLTIA

HATIMINATOUAUNUNIUABIITIAL MNNIATYIU ASTM D 638 voidanon Indn
PLA/PPIES U598 201 d 1 10T H RS M1 A1  LAAIWANITNATOUNITNUNIUADIUTIAS

-4 A o A v o A
L‘]J’E]i!,‘s]ﬂ‘!@]ﬂWiEJ@Gl’J a1} ﬂ@"lﬂﬂllﬁgﬂ'lflﬂﬁiﬁ)ﬂﬁﬁ AT NN 4.6
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M3 4.6 HANINATOUMITNUMUABIITIAWOITTAAON INANTEHINNOALAAANIDTANY

wod Insaunazias uusamedulelingsunaaia o

Bamboo Fiber | minumusieusiay | wledidudmsdada | aidsduenda
PLA/PP
(phr) (MPa) V1A (%) (MPa)
0 39.15£1.35 4.64+0.48 1,828+114.27
40/60
5 34.941.11 4.19£0.56 1,946+99.76
(PP-g-MAH
10 29.84+1.59 3.85+0.65 1,964+180.18
3 phr)
20 23.57+1.43 1.77+0.24 2,484+156.28

HANINATOUMINUNMIUABLTIAIUDITagADN TnEN PLA/PP @5 uusemodulelrin
Pinaang q aamsei 4.6 wunmaauduleliildmsnunudoussdeuesiganonIngn
1 < Y v 0o w = s 3 4 A %
anaged 1 u la%a 910 39.15, 34.94, 29.84 tag 23.57 MPa eua1a 5audalosIFuANTHad)
w gau1aaae teennsuanduleliasudrauind 20 phr i1 ldinansueniavesiag
a @ =} 9 = Y a 9 1 1 " v o [
aon Indn uazmsnszaead idveudulelunldasiasunsiaie utanunadiduogadvos
v Y
Taanou TNAMANAUY 910 1828, 1946, 1964 1Az 2484 MPa AE 191
4.8.2 HAMINAADUNMTNUNMUABLTINTZLUND
HAINMINATIUMINUMUABLIINTZUNNUDI TagADN TWAN PLA/PP @51 a01du
To TWnYTnaa19 o nansdan1sen 4.7
M3197 4.7 WANATOUMINUMUABLTINTZUNNVBITaAnON TGN PLA/PP a5 unsedeidule

Trn1fSuaang o

Bamboo Fiber AMTNUNMIUADUTINTEUND
PLA/PP
(phr) (J/m)

0 18.45 +£0.43
40/60

5 23.58 +1.83

(PP-g-MAH

10 19.84 +1.37
3 phr)

20 16.55+1.95
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HAYINIINAGOUNITNUNIUABLIINTEUNNVOITAAADY INGN PLA/PP 1a3 115
Y 9 |d' 1 (% d' 1 1 (% a i)
aodulelinsmnua1e 9 awsel 4.7 nunmsnumuasusInszunnuesiganoy Tnani
1 { { a 1A 4 a 1A I 1
arganganmsaudulelisum s phriilodsurandule lrwuiu 10 wag 20 phr nuns
1 d‘ =Y 9 [ 9 o Y a (%
numuasusInszunnaaad tesndsuandule liaeudrenin silvinansuenlavesiag

aouInan uazminszaear lidvoudulelinldasasuusadae
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=
unn s

Y
ﬁ;ﬂuazmamummz

a J ' a a a (% a a 4
INNITATONNDANDIHAN T HINNOALANANLOTA (PLA) AUNea lnsNau (PP) !Els)'@ﬁJ

a a 4 a s g’/ @
Usgarudrened Insnaunswaunadnuoulalase (PP-g-MAH) nazInunTouidq

a A a ] I a 1 = 1
Ao TnanPLA/PP Niaudule'li BF) JumsaSunselasiugldtenszuiuiatiugl awiso

e

ajUwaninaaeslanail

5.1 ayUwaminaass
= =) a 14 A o 1 [ 9 [
5.1.1 PMIANHINITIATONNDANDIHAN PLA/PP NOAT1dIUAIIY 1ALA 80/20, 60/40,
g Y] a d' = 9 o dy 9
40/60 Ay 20/80 1AgHMIN HAZIAN PP-g-MAH N304 1, 3 ag 5 phr 1231115 U3 a8
Y 9 [
nizvaudalugl Mniudnanianauion anvuzdugiuIne ez auiazng on
[ U a 4 2 4 { U a ]
gasiaIuneamesnautazlTuaa s ¥Foulse g dy WuIn13aN PP-g-MAH i
E4
AIHDADAIQUNYINITHADNNANVOINDAWDIHEY NITAATIZHANY UL FUFIINGIUITIINS
a ' [ Y A g A wa A Y 1
1Ay PP-g-MAH ovivithiniluaisyentlsearu msnagouauiagina laun nsnuniuae
] J a 4 A o 1 Y
LFIANTINDIMITNUNIUADLTINTLUND WUIINOALNOS Nl PLA/PP NOATIAIU 40/60 Te1i11in
1 H )
uaziAN PP-g-MAH 1/5ana1 3 phr Iwafitimnzaudmsuiganou Indnnazmsouluiuae 1
@ a { a 4 A o 1 a
5.1.2 Anuriagaou INGNAW3 suINNEAWOTHAN PLA/PP 10A318U 40/60 LAZIAN
Aa A (o a g a ~
PP-g-MAH Y311a 3 phr uaziamdule lundSuamnaienszuiumsmaniidluasaFunsan
= o dy Y = da! g’; o A
USu1a 5, 10 Az 20 phr MMsVUFUAIENTEVIVRAVUIY BINUUIINITNATRUAUTANI
MeNM auliAFnatazauian 1NN ouve g wun
@ a £ 'y S o a I
5.1.2.1 msdSvanmiveudulelidrenszuiumsmanaiinewihunauiy
a g‘/ Y] [ a 1 dy 1 9 = < ] [~} Y o = 9 ]
AT UISNY NaraanvarduguIne L dulelivinannasediuiiu lave Faduleln
o o A a A a 1 Y a = a 4 Qldds!
gnmdadsanisn antunazielag laaeen li seldinamssamz nedwes laaau
5.1.2.2 sWantinadeuautaniinuiouvesiagnon Indn PLA/PP
= 9 9 1 1 a 9 1 T 1 1 1 a 14 1
suussdreduleli wonmaduduleln lidwaden T, naga T, voanodmeinan ua
' o = 9 ' A A A 9 1A A Y a v A
dawanonl T, Juualduanaas nanne Usuamsdudule lWgsangerelinansinaises

Y
mmmmﬂmwemm%nmﬁu
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5.1.2.3 HaMIIAIIEHauialaseadamanlidlemaiin FT-IR vod PLA, PP
Y 1 A v 9y = ~ @ a
nazduleld amnsoguduTassadrumaniidsinginuuiagaonIndn
a v o a a d3 1
5.1.2.4 HAAATIEHANYAY AU IUINGIAIN3099aNITTAMIBIANATO UL DDA
[~} 19 A @ a 9 a9 =2
nsa udaaldmuindule lWnmiumsdsvanmimdenszuaumsmanil idule ligainzun
a 4 9}::49! a 9 ] 1 a I 1 9 =1
wodwes laavu vazmadmduleliuinnin 1o phrazmanisimzitlunguion uaziinig
@ I a a J J @
nszaee 1A lunums ndwedve s naus¥ a1 PLA i1 PP
5.1.2.5 WanInadeuauAFINaveIaanoy INAN WolAuAINMINUNIUAD
=2 1 v ~ A a Y =Y A a Y
HSIAAZITINTZUNNTZHIN PLA 1 PP ganganmsduduleTi5una s phr io@udule

] 1 o a [ a a 4 @ (]
Trinnna 10 phr s ldRamsuenlavesiganon Indn uaz lunumsndnszaed 1a 1id

Y
5.2 YdlauANUY
= =< aoJ [ a d‘ =Y 1 [ d’
5.2.1 Anpimsgaduivesiggaen Indnnlsuavesasdiunsa q nu ieann
A g am 1 A 2
dulelnndudulesssumaliannngeu
= [l = Y a A 3 a a
5.2.2 AnYINIsEREAAINNTIN MBI TARNON TNEN 19910 PLA Hlunatadn

] @ a a 1 I a
amnsndesdals lanedinim vazianen Indndudule lnndudulesssumnadae
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Abstract

This research studies the manufacturing of polymer compaosites from polymer blend of poly(lactic
acid) (PLA) and polypropylene (PP) reinforced with bamboo fibers (BF) using an injection molding
process. The ratio of PLA/PP was 40/60 by weight with addition of polypropylene-grafted-maleic
anhydride (PP-g-MAH) for 3 phr as a compatibilizer. The contents of BF reinforced in the PLA/PP blend
were varied from 5, 10 and 20 phr (part per hundreds of resins). The composites were subjected to
heat deflection temperature (HDT) and mechanical property analysis including tensile, impact, and

hardness tests. The tensile and percent elongation at break of the composites decreased with
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increasing the BF contents whereas the modulus and hardness were increased. The impact strength of

composite was highest with 5 phr BF while high BF content contributed to polymer and reinforcement

phase separation which resulted in decreasing of mechanical property. The HOT of composites

increased with high BF contents. The appearances and mechanical property of the PLA/PP/BF

composites are in agreement with the requirement for cosmetic packaging.

Keywords: polymer composite, poly(lactic acid), bamboo fiber, reinforcernent materials
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Abstract. Polymer composites of poly(lactic acid)/polypropylene/bamboo fibers
(PLA/PP/BF) were prepared using polypropylene-graft-maleic anhydride (PP-g-
MAH) as a compatibilizer. The ratio of PLA/PP was 40/60 by weight with 3 phr of
PP-g-MAH. The content of BF in the composite was varied for 5. 10 and 20 phr
(part per hundreds of resins). To improve the swrface contact of BF and the
polymer matrix. treatment of BF with alkali solution to remove lignin and
hemicellulose was studied. The thermal analysis of composite was carried out
using a differential scanning calorimetry (DSC) method to verify the property for
injection molding application. Morphology of surface area was investigated by a

scanning electron microscope (SEM). Chemical property of composite was
measured to verify the functional groups by FT-IR. Crystallinity of composite was
calculated from XRD analysis. Morphology of fracture structure of PLA/PP blend
showed smooth surface area with clear and no phase separation between fiber and
polymer matrix. The BF content of 10 phr composite showed satisfied thermal
property. The interactions between BF and polymer matrix was confirmed their
functional groups of PLA/PP/BF composite by FT-IR spectroscopy. The
crystallinity of the composites decreased while the crystallization temperature (Tc)
shifts to lower values with increasing BF content which indicated nucleating effect
of BF.

1. Introduction

Natura fibers have been used as reinforcement materials in polymers from their advantages of low
specific gravity, non-abrasive and their abundant available from renewable resource. Polymer
composites reinforced with natural fibers exhibit high stiffness properties. high specific properties.
gasily recyclable. Unlike brittle fibers the matural fibers are not fractured during processing. low
energy consumption and low cost. Wide variety of fibers are available throughout the world.
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Currently bamboo is considered as an important plant natural fiber and has a great potential to be used
as reinforcement materials in polymer composites. Mechanically grounded bamboo present its
structure as fibers rather than particles. On the basis of BF characterization, bamboo has 60% cellulose
and high lignin content. The microfibrillar angle of BF is 2-10°. which is comparatively small.
According to bamboo fiber (BF) structural variation, treatment of BF including extraction of fibers.
chemical modification had made it versatile for the use in polymer composites which resulted in
improvement of their mechanical and thermal properties [1-2]. The composites can be effectively
applied in the automotive, building, appliance and other applications [3].

The limitation of application of natural fibers as reinforcements for polymers is their property
inconsistency which depend on high moisture absorption and incompatibility with polymer matrices
[4]. To overcome the above limitations, treatment the fibers surface, addition of compatibilizers and
coupling agents such as maleic anhydride, acetic anhydride. and silanes have been reported to
facilitate better fiber-polymer interfacial interactions and efficient load transfer [5].

Recently. biodegradable polymers have been used as composite polymer matrices with the purpose to
replace the non-degradable polymers. Poly(lactic acid) (PLA) have become a topic of great interest in
research and development of biobased and biodegradable polymers. PLA exhibits excellent
mechanical properties such as high modulus, and biodegradability. However, PLA has disadvantages
on low toughness and gas barrier properties [6].

Polypropylene (PP) 1s widely used for injection molding products. PP possesses applicable properties
for packaging such as high heat distortion temperature. transparency. dimensional stability and
outstanding flow ability. PP shows excellent characters for composite fabrication as a matrix material
because PP is suitable for filling. reinforcing and blending. The study on PP reinforced with natural
fibers composites was reported [7]. Zhang Ying-Chen. ef a/ studied the blending of PLA/PP using PP-
o-MAH as a compatibilizer. Block or graft copolymers were produced from reaction of maleic
anhydride and the side chain of PLA by melt free radical copolymerization The copolymers acted as a
compatibilizer for the PLA/PP blend [8]. However, the reinforcement of PLA/PP with natural fiber has
not been reported.

The previous study reported the study of polymer blend of PLA/PP using PP-g-MAH as a
compatibilizer. The appropriate ratio between PP and PLA is 40/60 by weight and PP-g-MAH content
is 3 phr. In this research. we studied the thermal property of polymer composite of PLA/PP reinforced
with bamboo fibers using PP-g-MAH as a compatibilizer. The effect of alkali treatment of bamboo
fiber to the PLA/PP polymer matrix was investigated. The thermal and physical properties of
composites were reported.

2. Experimental Procedure

2.1. Experimental Materials

Poly(lactic acid) (grade: 3052D. Mn 1.39 x 105, Mw 2.07 x 105. polydispersity 1.48) was purchased
from NatureWorks LLC. Polypropylene (grade: HP500N) produce by HMC Polymers Company Ltd.
PP-g-MAH was produced from Dupont with maleic anhydride functionalized. Bamboo fiber (BF) was
purchased from Kanchanaburi province, Thailand.

2.2. Preparation of compound process

PP, PLA, PP-g-MAH, and bamboo fiber were first vacuum-dried at 80 °C for 8 h prior to mixing. The
PLA/PP blending ratio was 40/60 w/w. PP-g-MAH compatibilizer was 3 phr, and bamboo fiber
content was varied between 5. 10. and 20 phr. The blending was carried out using a twin screw
extruder (CTE-D201.800) at 200 °C.
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2.3. Preparation of injection molding process

PLA/PP/Bamboo compounds were oven-dried at 80 °C for 8 h before injection molding (Toyvo
Machinery & Metal Co.. Ltd (TI-30F6). The configuration of injection femperature zones was
200/180/180/180/170 °C. The samples were subjected to mechanical property analysis.

2.4. Morphology analysis

Samples for morphology analysis are from tensile test specimens. The morphology of polymer blends
was examined by scanning electron microscopy (SEM) (JEOL. JSM-S410LV). operating at 15 kV.
The samples were fixed on supports and coated with gold.

2.5. Thermal analysis

DSC scans were recorded on a differential scanning calorimeter Perkin Elmer, DSC 800 in inert
atmosphere (nitrogen). with a heating rate of 10 °C/min. The samples (~10 mg) were placed into
alumina crucibles. After the first heating 20 °C to 250 °C at a rate of 10 °C/min. held at that
temperature for 5 min, then cooled to 20 °C with cooling rate of 10 °C/min before second step where
the samples were heated again and thermograms for second heating were recorded. Glass transition
temperature (T,). cold crystallization temperature (T.). melting temperature (T,,).

2.6. Fourier Transform Infrared Speciroscopy
FTIR spectra were recorded Nicolet iS5 FTIR Spectrometer equipped with a universal attenuated total
reflectance. The spectra were recorded between 4000 and 500 cm—1 frequency ranges.

2.7. X-Ray Diffractometrv (XRD) measurement

XRD analysis of PBS and its blend was performed on Panalytical X Pert Pro (model-PW 3040/60)
diffractometer with Cu Ko radiation (A= 1.54°A) generated at voltage of 40 kV and current of 30 mA.
Scanning was done in the 26 angle of 5-80- with a scan step size and time per step of 0.01- and 0.5 s,

respectively.
3. Results and Discussion
3.1. Morphology (SEM)

Figure 1 shows an SEM image of fracture surface of PLA/PP (40/60 by weight) composites.
PLA/PP without BF in (a) shows no phase separation which may due to the effect of a compatibilizer,
PP-g-MAH (3 phr). addition. In Figure 1 (9-11) the vellow cycles indicate the bamboo fiber in matrix.
With 5 and 10 phr the bamboo fibers were found to distribute on the PLA/PP matrix. However high
BF content of 20 phr. the fillers were agglomerate and phased separation of polymer matrix and BF
was clearly observed.

73



Figure 1. Morphology of PLA/PP/BF composites (3 phr PP-g-MAH) at different BF contents
(a) without BF (b) 5 phr (c) 10 phr and (d) 20 phr

3.2. Chemical properties (Fourier Transform Infirared Spectroscopy, FTIR)
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Figure 2. FT-IR spectrum of PLA/PP/BF composite at different BF content

Figure 2 exhibits the FT-IR absorptions bands of PLA/PP/BF composites. The absorbance peak at
3330 em™ of bamboo fibers represented the stretching vibration of OH and the intensity peak at 2890
cm’ was attributed to the asymmetric stretching vibration of CH, in cellulose, hemicellulose. and
lignin. The spectrum of hemicellulose (ester linkage of the carboxylic group of ferulic and p-coumaric
acid of hemicellulose, C=0 in hemicelluloses) of the bamboo fibers showed peak at 1735, 1596 and
1506 cm™ (aromatic skeletal WVibrafion of lignin). 1456 cm™ (C-H deformation combined with
aromatic ring vibration). and 1230 cm™' (methoxyl groups of lignin) [10. 11]. The peak at 1735 cm™,

attributed to hemicellulose, disappeared for the alkali treated BF. This disappearance of spectrum
indicated that the removal of hemicellulose was successful. [10] The peak area within the region
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3200-3500 cm * of the OH stretching vibration was found to be intensified after NaOH treatment. The
peak located in 2922 cm™ is attributed to a hydrocarbon (C—H) stretching vibration. The typical
absorption peaks of cellulose are observed at 1422 and 1159 cm™. It could be highlighted that the peak
was shifted to the lower value of 1032 cm™' which derived from C—O and C—C stretching vibration,
which may be expected as a result of alkaline treatment for the change in molecular orientation [12-
13].

The FT-IR spectrum of PP observed at 2956, 2910, and 2830 cm™ are attributed to —CHy,— and —CH;
groups. The absorption bands at 1452 and 1377 cm™ are attributed to -CH- and —CH,— groups [14].
PLA shows characteristic frequencies at 1746, 2995, 2946 and 1080 cm” for C=0, —~CH; asymmetric,
—CH; symmetric, and C—O stretching. respectively [15-17].

For the composites, after addition of BF into PLA/PP, the O-H stretching vibration at 3657 em™ was
shifted to 3650 cm™, which indicated the interactions between the BFs and polymer matrix. Treatment
of BF surface by NaOH resulted in removals of the impurities which led to smaller sized and higher
crystallinity of the cellulosic fibers and increased the fiber surface area [18].

3.3. Crvstallinity of composites (XRD)
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Figure 3. XRD pattern of of PLA/PP/BF composite at different BF content

Figure 3. XRD pattern of of PLA/PP/BF composite at different BF content

Figure 3 shows the XRD pattern of PLA/PP/BF composites at difference BF contents. Bamboo fiber
displayed XRD peaks at 26 14.9-, 16.1¢, 22.1°, and 34.5-, are corresponding to the (101), (110). (200).
and (004) crystallographic planes, respectively [19-21]. The intensity of reflections at the angular
positions 14.2¢, 16.8-, 18.6° of 26 are in agreement with the (110), (040) and (130) planes of PP [8,
22-24]. The peaks at 16.7°, 19.1° of 26 are corresponding to the (110) and (020 plane of PLA [24].
The XRD patterns of PLA/PP/BF composites with difference bamboo fiber content was not change
but the reduction of peak intensity was observed. The crystallinity of the composite was found to
decreased when the amount of bamboo fibers increased. The results may arise from restriction to
deformation capacity of the matrix in the elastic zone [25].
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3.4. Thermal property analysis
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Figure 4. DSC thermogram of PLA/PP/BF composite at different BF content

Table 1. Thermal property of PLA/PP/Bamboo fiber composites

PLA PP
BF T, O A
(Wt%) coo co @»n L 4H, I.2  AH, Tn AH,
O @y O @ (O (@)
0 6329 11683 657 15446 1125 16092 7.59 167.80 109.87
5 6464 11674 639 15391 1033 161.60 1397 169.43 113.39
10 6453 11430 502 15360 805 16192 1410 16876 112.18
20 6391 11243 399 15333 400 16198 1617 169.94 85.67

Figure 4 and Table 1 depict the DSC thermogram of composites of PLA/PP (40/60 by weight) at
difference BF contents. The melting temperature (T,,) of PP and PLA of all samples are not
significantly changed. Two melting peaks of PLA in the composites are observed which are attributed
to size distribution of crystalline lamella if the melting points are not produced due to the matrix
polymorphism [26-27]. The peak of crystallization temperature (T.) of composite was shifted to lower
values with increasing the bamboo fiber contents. The results indicated the nucleating effect of BF [5]
and the presence of a transcrystalline zone form at the BF-PP interface [26]. The enthalpy of melting
(AH,,) of main crystalline parts of PLA is in agreement with the nucleating effect of BF.
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4. Conclusion

This research study the production of green composites from poly(lactic acid) (PLA) and
polypropylene (PP) blend reinforced with bamboo fibers using an injection molding process. The
polymer blend ratio of PLA/PP was 40/60 by weight with addition of polypropylene-grafied-maleic
anhydride (PP-g-MAH) for 3 phr as a compatibilizer. The contents of BF reinforced in the PLA/PP
blend were varied from 5. 10 and 20 phr. The composites were subjected to morphology of surface
area by SEM. chemical property as a functional group by FT-IR. crystallinity of composite calculated
from XRD and thermal property was analyzed by DSC. Morphology of fracture structure of PLA/PP
blend showed smooth surface area with clear and no phase separation between fiber and polymer
matrix which may due to addition of polypropylene-grafted-maleic anhydride (PP-g-MAH) for 3 phr
as a compatibilizer. However. increasing the BF content to 20 phr the agglomeration of fiber and
phased separation were occured. FTIR specttum confirmed functional group of PLA/PP/BF
composite which indicated the interactions between the BFs and matrix. The XRD patterns of
PLA/PP/BF composite with difference bamboo fiber contents were not changed but the intensity of
peak was reduced. The crystallinity of the composite decreased with increasing BF content which may
due to restriction to deformation capacity of the matrix in the elastic zone. Addition of bamboo fiber
has no effect to melting temperature (7;,) of composites but the crystallization temperature (Tc) shifts
to lower values with increasing the bamboo fiber contents. The results indicated nucleating effect and
the presence of a transcrystalline zone form at the BF-PP interface.
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