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Abstract

This study analyzes the effects of pineapple leaf fiber (PALF) content on the physical,
mechanical, and thermal properties of PLA/TPS and PLA/TPSW composites and material cost.
Thermoplastic starch (TPS) is derived from sago starch with glycerol as a plasticizer, while TPSW
incorporates water with glycerol. The proportions of TPS and TPSW were set at 0%, 5%, 10%, 15%,
and 20% by weight, combined with PLA and PALF at 0%, 2%, 4%, 6%, 8%, and 10% by weight.
Results show that PLA/TPS exhibits higher melt flow index and density, indicating better flowability
and suitable density. Additionally, PLA/TPS has slightly higher water absorption due to the cross-
linked structure of TPSW, while retrogradation reduces water absorption due to increased rigidity
and brittleness. The mechanical properties of PLA/TPS are higher with increased PALF content. This
significantly enhances resistance to bending and impact due to improved stress distribution, while
PLA/TPSW shows minor improvements because of uneven fiber distribution and recrystallization.
Increased PALF content reduces tensile strength in both composites. This reduction is more
pronounced in PLA/TPSW, as SEM analysis indicates poor adhesion and fiber distribution leading to
fiber pull-out. In thermal properties, adding 10% PALF to PLA/TPSW enhances crystallization
temperature (Tc) and crystallinity percentage, with lesser effects observed in PLA/TPS. Finally,
PLA/TPS demonstrates better physical and mechanical properties, especially with 10% PALF and
exhibits the lowest material costs, PLA/TPS composite at PALF (10%) can be molded via injection
machine into cups, making it suitable for commercial development with a maximum service

temperature not exceeding 50 degrees Celsius.

Keywords: Thermoplastic starch, Pineapple leaf fiber, Polylactic acid, Reinforced biocomposites,

Physical mechanical and thermal properties.
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AM9197 1 dunELesReilnanTInW PLA/TPS: PALF uay PLA/TPSW: PALF

gns 3031 59a waduaniin wesluwanafinansey Wulelu
duna 70819 wadn (%owt) dudesa
(Yowt) (Yowt) ulsang né ih nnd (PALF)
\wa30a fi3n (%owt)
PLA 100 A 100.00 - - - - -
TPS 100 B - 70.00 30.00 - - -
TPSW 100 @ - 8.77 2.63 87.72 0.88 -
100: 0 D2-0 90.00 7.69 231 - - 0
98:2 D2-2 88.20 7.54 2.26 - - 2
96 : 4 D2-4 86.40 7.38 222 - - 4
PLA/TPS: PALF 9:6 D2-6 84.60 723 217 - - 6
9.8 0.8 82.80 7.08 212 ] ] g
90:10 D2-10 81.00 6.92 2.08 - - 10
100: 0 E2-0 90.00 0.88 0.26 8.77 0.09 0
98:2 E2-2 88.20 0.86 0.26 8.60 0.09 2
PLA/TPSW: PALF 96: 4 E2-4 86.40 0.84 0.25 8.42 0.08 4
94:6 E2-6 84.60 0.82 0.25 8.25 0.08 6
92:8 E2-8 82.80 0.81 0.24 8.07 0.08 8
90:10 E2-10 81.00 0.79 0.24 7.89 0.08 10
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Aanauvae 30.59 MPa way 34.39 MPa 1ip191n
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lng PLA/TPS 3A1A2 10Uk UugInInantoy
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Lﬁuﬁuaﬂwqﬁﬁaﬁwﬁm Tu PLA/TPS AU MUY
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PLA/TPS 1A1AMUNUABLTIAIGINTIA
PLA/TPSW ‘Iﬁ 49.65 MPa & a ¢ 47.28 MPa
AuEU Wesannawesealu TPS FaetinmIy
ganguiarnsdainieiu PLA dyu TPSW LAn3ing
innaduvilitaguisuaziusie 1101 nsifia PALF
10 %wt. Tu PLA/TPS anA1A 1NN ULIIAI21A
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gudunisnszarednaznisnanvendulelu
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PLA/TPS finaal PALF Lilosannisiinilnsinsia
Fuluutluaznsnnudnarlu TPSW vl fanuds
wazUs1zanntu wanslugui 5 uazguii 6
N153LATIERNTBAfITgAuIAN U
PLA/TPS (D2-0) HA1n158ad7 2.43% ganin
PLA/TPSW (E2-0) 71 1.83% Ansidiangufininves
PLA/TPS 1An91nN15Laan@lud nsifia PALF 10%
Tagtwifnlu PLA/TPS waz PLA/TPSW vilien
N3EaRIanaImnae 1.04% uay 0.39% AUAIRY
Tuguil 7 flesanautfinisdasasnues PALF uay
msnszediliiasiiiane niiaseit SEM Judu
fellgmnsnszaeduaznisvanveadile dean

Usgdvsnnnisiensievnanavesian Tugun 8

60 - & PLA/TPS : PALF
F9.65 PLA/TPSW : PALF
~ 50 I 47.28 43.59
£ b 105 2006
< 7 1.06
=40 |
il
2
G 30 |
=
=
=20 4
g
&
10
o

(100:0) (98:2) (96:4) (94:6) (92:8) (90:10)
aMT1EM PLA / (TPS, TPSW) : PALF (%6wt)

UM 5 Aanunuusfavesnedlndndinm

& PLA/TPS : PALF

1000

500 £

000 PLA/TPSW : PALF
3500 F agzq 3092 319, 3’ 2

g - 2 s 2 sz % %%

@ 2500 + % % % %Z

g 2000 £ / % % = %

T, 1500 / / / %/

g 500 % Z é %Z
= h N

1l

(100: 0 (98:2) (96:4) (94:6) (92:8) (90: 10)
amaEIU PLA / (TPS, TPSW) : PALF (%wt)

JUN 6 wegdawsAuasnaulndnTInIn

DOI: 10.60101/feir.2024.259233

3 e e B

Vol 22, Issue 2, 2024 (July — December)

5.0
£ PLA/TPS : PALF

z
. M PLA/TPSW : PALF
g
&
E
=
g
[
T
=
B
[
R
=1
5
e
(o]
=

(100:0) (98:2) (96 : 4) (94 : 6) (92:8) (90:10)
SnIEI PLA / (TPS, TPSW) : PALF (%wt)

JUN 7 Andesidumsindifignuinvesneslnds

Fan

PLA/TPS:PALF

PLA/TPSW:PALF

JUN 8 MR endngIinen (SEM)

[ 78 ]Frontiers in Engineering Innovation Research


https://www.doi.org/10.60101/feir.2024.259233

3.5 HANSNAGDUAMUNULTINTZUNN

PLA/TPS (D2-0) ﬁ?i'm’g’mwul,ljﬁmmwnq&
N7 PLA/TPSW (E2-0) 1aefl AU NULIINTZUAN
(Impact Strength) 2,610 J/m’wag 2,532 J/m’
sy Wesn TPSW fimsldiniuayndwesea
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3.6 NANISNATDUAIIUNULTIAAGD
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3.7 Ham3vngay Differential Scanning
Calorimetry (DSC)

N1IANEINANTENUVDY TPS Lay TPSW

d

Mnaufiu PLA uansliiuanuuanadluaudives
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PLA/TPS 9¢g9n31 lagAn Tc wae Tm ¥09
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unQinIsAnKan (To) Wintupgnad
Tedfiey e PLA/TPS #1 Tc 1finann 85.40 °C Tu
D2-0 vfJu 90 °C Tu D2-10 way PLA/TPSW @1 Tc
Wisan 82.27 °C Tu £2-0 1Ju 89.20 °C Tu E2-10
AsiiutuiiAnanndule PALF fiviuda iy
nucleating agent ¥I8L39NTEUIUAIIANNEN

gaunniivasunal (Tm) ¥8a PLA/TPS
anaaniosan 167.20°C Tu D2-0 18u 166.40°C
Ty D2-10 v z?l PLA/TPSW asfifiussua
165.60°C wandliiuindule PALF lifinaranis
naouinalIvesian A1 % Crystallinity v
PLA/TPS wWasuudaudnides Tnvanasrewdiniy
Snads lumanduiu PLA/TPSW uansnsanadni
\WisTustherewiies FeUsuendensinGoeiafiiu
suifsutuvasluananediesainnisifiu PALF
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3.8 Han1snNmasauU Heat Distortion
Temperature (HDT)
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g9gn (HDT) voawoAuandnuedn (PLA) U3qvsed
53.73 °C nsumeslunatafnansy (TPS) Laz
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(TPSW) wdaufunsiiuduleluduizsn (PALF) v

TyfAn HOT wasuuasfisadntieseglugi 50.10 °C
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14 51.83 °C Inganuuanmngseesag 1anilnazll
TiduledvedrAydosun Fauanaliiiiuin TPS,
TPSW wazUSunandule PALF llfinansenusiann

HDT oensiliedAy[12] LLamTugiJﬁ 15

£ (PLA/TPS : PALF)
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60 315120 51.00 51.47 51.83 51.60 51.38
1 so10 5020 5027 5033 _ 5056 5130

=

(-

(100: 0) (100:2) (100 :4) (100 : 6) (100 : 8) (100 : 10)
oms1au PLA / (TPS, TPSW) : PALF (%wt)

U7 15 M15LA124i HDT vosnaslndndanin
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N153ATIERAUNUNITRERTIeAoulnEn
FInMAINTIANTMUIeTRgAY Wud PLA d51A7
175 THB/kg ulsan@ 20 THB/kg ndlwosea 32
THB/kg 1ndu 18 THB/kg nsndm3n 42 THB/kg
uaztawviduleludutzsn 17 THB/kg
MNnTdmNaNNA1T19T 1 dmfu
n158AR PLA 100% Funusaningivegi 99.0
UINe 10 Bu auwdi PLA/TPS way PLA/TPSW
9g7l 84.0 THB uay 85.0 THB AwA"dY
nsldlnidndmiu PLA (100 %wt) fie
10.25 kWh, PLA/TPS (90:10 %wt.) 11.3 kWh,
uay PLA/TPSW (90:10 %wt.) 12 kWh &afldumu
lylfindi 43 THB, 47 THB, uas 50 THB A
AuUAILTIUEMTU PLA (100 %wt.)
9gl 23 THB, PLA/TPS (90:10 %wt) 27 THS,
way PLA/TPSW (90:10 % wt) 47 Baht N3
ApTzRFuNUTINNITHEARD 10 TU WU PLA
100% fifuyusIngIgail 165 THB, PLA/TPS
(90:10) #1 158 THB, uaz PLA/TPSW (90:10) g4an
7l 182 THB Tng PLA/TPS (90:10) fidususniige
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ho

23U
il
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nMsenuinseinavesSunasdulely
dulzsn (PALF) aoaudfnianienin 1ena way
Nn19AINsIouveIAnaNlndn PLA/TPS Lhay
PLA/TPSW lae TPS ldndiweseatlunaiaily
wad uaz TPSW Mihiaufundwesea nanuin
PLA/TPS fsafinnsuaeoulva (MFI) 78.35 ¢/10
min WAEAINAUILUY 1.256 g/cm? Tuvus il
PLA/TPSW & MFI 75.41 g/10 min LagAIY
NUIWUY 1.254 g/cm3 PLA/TPS ﬁmﬁ@mﬁfmﬁwqq
191 flesan TPSW udauaziusizannnszuaunis
Fmanaadu wivsansgnsdanseglunmeii
gousuls Aeluifiu 2.0%

Tusuand@dena PLA/TPS fA21unu
UI9AY 49.65 MPa LagAMUNULTINTZUNA 2,610
J/m? gandn PLA/TPSW 71 47.28 MPa wa 2,532
J/m2 ANUERU AUNUABDILIINAIDUBY PLA/TPS
WiuTuain 49.53 MPa 1lu 62.37 MPa ety
PALF Tuwaugdl PLA/TPSW iiaduiiieadnidosann
45.38 MPa 1Ju 51.08 MPa n15L@yl PALF an@An
arunuussluiaosnonlndn Tng PLA/TPSW
finsanasivaaundy

dmsvantAniemuseu n1sLAN PALF
10% 1 PLA/TPSW $nwidn Tg 7 58 °C wagifia
fin Tc Tustasssuy eedian PALF NSTAUNIIAN
nwandsnalt % Crystallinity 999 PLA/TPSW
WiuTudaau smsd PLATPS Snsidsuudas
Weadniey lnesiu PLA/TPS wansauUanig

ABAINBAZNINANANIT PLA/TPSW Tagianiglu
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feg1afidn PALF 10% uagidununisuandign
1 15.8 U mdaTu vilw PLA/TPS manzdmsunis
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