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Bioplastic Pellets Mixed with Spent Coffee Grounds:

From Waste Materials to Eco-Friendly Packaging
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AuART 600°% 2.72% ntuTusuTuuisieIpsdnTusunanaiin wui Ausadena Ae
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Abstract

This research studied the utilization of spent coffee grounds, an agricultural
waste, as an additive in bioplastics to increase the value of spent coffee grounds and
apply them as packaging for food products. The trial was conducted between October
2022 and September 2024 at the Postharvest and Processing Research and Development
Division, Department of Agriculture. Studying the elemental analysis and main
components of spent coffee grounds found that spent coffee grounds contain 70.87%
carbon and 25.92% oxygen. In an experiment involving the extraction of spent coffee
grounds with 95% ethanol, drying at a temperature of 105°C until completely dry, and
forming mixed plastic pellets (PLA) using a plastic pellet mixer. The barrel temperature
range was 190-215°C with spent coffee grounds contents of 0%, 3%, 5%, 7%, 9%, 11%,
and 13% (P0-P6). To select the plastic pellets mixed with spent coffee grounds that
have the most suitable properties for application as food packaging, experiments were
conducted. It was found that formula P3 has a symmetrical (cylindrical) shape.
The maximum melt flow value is 300 ¢/10 min, which is suitable for shaping the
workpiece. The mass loss or degradation rate is 97.30%, while residual weight at 600°C
is 2.72%. The samples were then shaped using a plastic injection molding machine.
The mechanical strength properties measured were as follows: tensile strength at break
of 37.21 MPa, elongation of 4.44%, Young's modulus of 1.52 GPa, and hardness of 79.98
HSD. The surface energy formula P3 has a value of 36.34 mN/m, resulting in low polar
bond formation, and has the best overall contact angle value. The water drop contact
angles at 25 and 60°C were 86.4° and 80.3°, respectively. The ethylene glycol contact
angle was 64.9° and the diiodomethane contact angle was 43.7°. As for the water
absorption of the workpieces over 14 weeks, it was found that the P1-P6 formula
workpieces tended to increase water absorption. Increased with the amount of spent
coffee grounds added to PLA plastic. The migration limits of substances under specified
conditions confirm compliance for food contact with aqueous, acidic, and low-alcoholic
simulants at 60°C, and fatty food simulants at 25°C. However, it is strictly advised that
these findings not be extrapolated to fatty food applications at temperatures exceeding
the tested parameters during actual usage. The material was molded into food
containers, specifically cups and cutlery, using a plastic injection molding machine.
The results showed that the packaging could be perfectly formed. The production cost

for the spent coffee grounds infused plastic resin was 14.88 THB per 100 grams.

Keywords: Packaging; plastic injection molding machine; plastic pellet; Spent coffee

grounds.
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1. MIAATIENFINUAZRIAUTENDUNILATIVEININNTUN

1.1 ddenminniurlivdedislaglifidwaonvudmiuduingiudsiulunsndnussg
ot Tngvhnsiennnusliuiariesufiguvndl 60°0 Wunan 3 v, Wieaunitninniumas
Wit

1.2 thmnnundildandes 1.1 feusnonzunssvuin 100 Wy (Wo$100) dmiuinien
ButmgAudadulunstusuusstast sdsaminsseuninnuniaiaiulilugemaiadn
LDPE wuy ziplock Wieffumudy

1.3 Aiangsisnuazesduszneurasnnnulseyainsesiiondesgansmidiannseu
WuUdeInIn viaflandiudu (Field Emission Scanning Electron Microscope: FESEM) lag
AnTgrisAUszneureInnMuIfii&sets 3 sz A 100 1,000 Wag 4,000 W waziATes
3Lﬂ§13ﬁﬁ’]@;§hEJﬂ’ﬁL%’eNLLmsuaﬂ%JﬂﬁLgﬂ% (Energy dispersive X-ray Spectrometer: EDS)
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ansavanelafiulansonles 1% aniu USNaud1 A1uuInsgIuNISNAARURRAmMINITUNITHEN
\Jouaznszay (TAPPI) waglaa Ladllwaglag AuISN15NAaeUVDY National Renewable
Energy Laboratory (NREL/TP-510-42618 method)

1.5 affmintusanatnninnunseieniueatiansnemns (food grade) Anmidudy
95% lagldninniuyl 300 n./Len1uea 2,000 ua. é}’mﬁqmmqﬁ 90°% 1Juwan 1 vy, (szuuin)
niulennInmuHINEeNILeaTFL thinnuiildeuftonmgfi 105% suwisatin solibu
waziiulugeafiiun slaldueulelane (Metalized film)

2. mswﬁmLﬁﬂwmaanwauLtazmﬁugﬂ%mm
2.1 nMsuAaLdianatafnNay
a & a Y a < a . .
2.1.1 wanlananafnnaunInAIuNAsLAIDNEILIananafAn (Plastic compounding
machine) ¥1vgaungiveeunsisa 190-215° (uidlananadn PLA Migamgil 80°% ae1atiey 6
Y31, ADUNITNAALTIANAIARNKAL) MHWHUNIITNAADILUY RCBD 7 N350335 3 91 fadl
330359 1 Wiawaafin PLA (neat PLA; gnnaunAw)
NITUATA 2 WiAnanamn PLA wauninnn 3% laguinvtdnuadninnim
N551357 3 Wianaadn PLA naun1nniwi 5% laginvinusaninnini
NIFUATN 4 iAna1a@mn PLA NaunInntkn 7% laguinvednuadn1nnin
NITUATA 5 iananadmin PLA wauninnikn 9% lagiinvtinyasninnim
N351357 6 wWiananain PLA waun1nniun 11% lasuutinuesninnium
N351357 7 wWiananafn PLA waun1nniun 13% lasiutinvesninnium
UV (%) s Qddl = = Qdd‘ = o U
(dduanuwalununssuisn 1 As PO H9nIINIDN 7 Ao P6 MNAIAU)
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21115 (JETRO 2008)
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nsalvdudaseUuegdnuiuuin (Xiao et al., 2022) Lﬁ@’?meﬁﬁwlLLazaqﬁﬂimawmﬂﬁ
wud1 msfiesueu (© iussAuszneuiigidwalininnuniidnen mlunsudnusseiusing
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gaumgiilunisuasudugunedwesiiosnndl asusu (O 1uesrusznounanlul3unungs
IagnuuSuee feil a1sueu (C) 70.87% oandiau (O) 25.92% tnunadeu (K) 2.35%
uAALTY (Ca) 0.62% wazunili@ey (Mg) 0.24%

Spent coffee
ground (SCG)

Extracted
spent coffee
ground (ESCG)

x4000

Figure 1 Field emission scanning electron microscopy (FESEM) images, taken at 100x, 1000x,
4000x and with scale markers of 100 um, 10 um and 1 um, of the fracture surfaces
of spent coffee grounds (SCG) and extracted spent coffee grounds (ESCG)

1.2 Aipsrgsautimaaiiveaninnium

Tasziauiinsaiivaresrusznauniuaiivosninnundmsuduingaulunisnde
U599 0091 BeasAusznavmMaaiivsdantRidesduveaninniun Wy nmsazaneluhdeu wae
Toioulansonlas 1% srudsUsuadniudodunuimdunismanisiumuizaulunisly
nnnuhdudrunaslunistusuussatast Tnony woaglaa 5.72% ifiwaglaa 29.49% n13
avansluthdeu 13.7% msazanluaisazansleionlonsonles 1% 50.3% aniu 32.2% uaz
USUaulan 1.3%

msafaninmuiitewsnonisu@slaldusuanimgnenssuaunsmiaeil) sonain
nanu wudn snsdaunannul 100 n. 1E 4 wa. waznnnuifiadnlg 80 n. 1ilesan
nsafaueninduesnainmnnuitudunisuenaisuseneusneg waznsalutudasedile
oonuluUinreuiagedsans it daalvimennmunildldifanauiudielddmsudu
i’mqﬁuéﬂgaé]’u (raw material) Tunszurunsuussy saudsaunsaiuinemaninniunluszey
Lammu?ja‘ﬁu (Al-Hamamre et al., 2012)

2. mswﬁmLﬁmwmaﬁnwauuazms%ugﬂ%umu

PINMsnaaesaInsadaiananafinuas (compound) 311U 6 @as LA gns P1- P6
a1 neat PLA (P0) laifiosant LﬁaﬂmﬂLﬁﬂ‘wmaaﬂﬁﬁmwﬁmﬁuﬁfmﬁﬂimLaqagaﬁq 127,300
A1afu (LngA 4043D) (Ortenzi et al., 2020) a‘”ﬂ‘wmmaaLﬁmwmaﬁﬂwamﬁ'mﬁmlé’lﬂugﬂ
n3ansrven WeHunsindendesadanatafin g iuliananafnuauans P5 way P6 L
wanaRnnanfildgusswuy aanmssaunnnuludadiuannauivly dsmadenisdnsiu
Fane (die) usdsanunsondnidianarafinuanld (Figure 2) TnewoAwesinsndiiuinluana
127,300 padfumngdmiumstusuuuudadiusifiud Saavasuues PLA Aididmiinluianags
UsengAdumdon voslnausuilllaideu (non-Newtonian fluids) Usstanglanaladn
(pseudoplastic) (34984, 2557) d@uainisnasuluna (MFR) suaqLﬁmwmaﬁﬂﬁumiﬁmﬁmqﬁu
(P0-P3) Mntiuanauastisgaiudnass (Pa-P6) Tasgns P3 Wirngeandi 300 n./10uft (Anan



madnUiinannnuilusasduiiunndaiu sufsansdmiviiovasuidianarainvasy
wanannldenuagldinauiuainuiinaninnuniinalude PLA Usinaiunniiuly (Figure
3) TnsmsifinUsmnamnmungedudmasemuniinvesfagvasy (PLA) Wiintudsnaliisng,
ouanas aufvgeauna Aarmiinvestasvasuanas Snsndeuiintu (Sises, 2557)

neat PLA
P5

Figure 2 The physical appearance of extruded PLA composite strands compared with neat
PLA: (P1) PLA+3%ESCG; (P2) PLA+5%ESCG; (P3) PLA+7%ESCG; (P4) PLA+9%ESCG;
(P5) PLA+119%ESCG; (P6) PLA+13%ESCG

a
b PO
(23
200 d
e
f
100 e
M @@
PO P1 P2 P3 P4 P5 P6

MER [g/10 min]
g

0

PLA composites

Figure 3 The effect of ESCG contents on the melt flow rate (MFR) of polylactide
(PLAY/ extracted spent coffee grounds (ESCG) pellets: (PO) neat PLA; (P1)
PLA+3%ESCG; (P2) PLA+5%ESCG; (P3) PLA+7%ESCG,; (P4) PLA+9%ESCG; (P5)
PLA+11%ESCG; (P6) PLA+13%ESCG

Uhinmaruduiusserisimiingivde (Residual weight) nugauuilveInaaRnwa
mnanulluyiinm 3 5 7 9 11 uag 13% Asnsnslvianusou 10°/und wuin ieusanw
nnnuliistu Msgaydeinanienisaansiianas (degradation) waznisgaydetmiinanas
dielimsuiisnsaaneivesmanainaumdsusninniun (Table 1) Intaagamginisaanss
Y94 neat PLA (P0) aglut3e 300-390°% Lﬁal,ﬁuﬂ%mmmﬂmLLWQqﬁusﬁqumﬁmﬁamaﬁa
YDINANARNNEN P1-P6 asﬂmfaﬁ 280-380°% (Figure 4da) \fesarnmsifuninniunazanainy
L@ EIN19AUTOUVBY PLA ag (Delicado et al., 2021) LLammw‘f‘?uﬁa&jﬂwiuwmaﬁﬂgﬂ
UanUaeyeangduindeunisuantisgunnil 120 (hydrophilic group) luvaeiiiinnis
aanevetasdusEnoufididty 3 e léun wiwaglaa waglaa uarAniuduistuiigumad
a4 (>200°%) Tuagifulassainmaaiivesans (Xiao et al, 2022) Tumsvaaesldaniituan



nnnuresnetadsnaligumgigsaalunisaaisfiuesans (peak temperature) #anofad
gumniasduld lnsiefiwaglaaaaied 280 Waiiugumgiigstueagladaniodn 364.33%
wazdnilu aanedigamiiunnndi 364.33° (Figure 4b) @enmaasiu Xiao et al.(2022) na1vin
n1saaneiieiivaglaaiinluglagamngil 200-340° LﬁaLﬁuqmmﬁqaﬁuwaq‘laaamw"h
Tuthsenmgil 310-380° waznisaanefvesdnduinlurisgamginireannil 200-550° way
Fefinnsannisaaeiegauysaivomanainnngns wuih nsaaneduinduiigamgias
1 300° TasUsnamnmuniiisludsinaioslugns P1-P3 gamginisaanesaeudng
a9 dwadsenstusuiiuussyfast (Table 1) ilesmntaniifianuasimisanufeulndifes
iU neat PLA tiganadinsuniswussuiandisusenau (composite materials) (Delicado et
al,, 2021) Ingn153A5129% TGA/DTG 1JUN15IATIERUIANULEDEIN19IAUS U 99AUTENDU
VBIAIUNANLALNANTIUNTAANYAIVBINAERN

Table 1 Thermal degradation parameter, degradation, and residual weight form TGA

and DTG analysis for neat PLA and its composites

sample Peak temperature (°C) Degradation (%) Residual weight at 600 °C (%)
PO 374.00 99.53 0.47
P1 364.33 98.47 1.48
P2 358.50 97.76 2.26
P3 357.67 97.30 2.72
P4 351.00 95.79 4.24
P5 348.17 95.17 4.90
P6 347.17 94.54 5.12

a - b

TC
First derivative [mg/s

Temperature [°C]
Figure 4 TGA/DTG curves for neat PLA and its composites. (a) Thermogravimetric analysis
(TGA) curves and (b) first derivative (DTG) of polylactide (PLA)/extracted spent
coffee grounds (ESCG) pellets: (PO) neat PLA; (P1) PLA+3%ESCG,; (P2)
PLA+5%ESCG; (P3) PLA+7%ESCG; (P4) PLA+9%ESCG,; (P5) PLA+11%ESCG; (P6)
PLA+13%ESCG

wasluunsuitlaannanuduiusseninenisivavesainuseu (heat flow) wavgumngil

~ < a & | & d'
15905 DSC YlANa@RNHNENUY WU LWUNTEUIUNSIUASULUaIUSSLANLUUAIE AU
Sau Weanilnsiiendn (To) Yuannudinwanamniis 7 gnsniinsUdesnasanuaLsaueenin
(Figure 5) lnensiiuyunaninniwidudrunaludianarafindsmaliiaamafiannieadie



w1 (Tg) anasan 65.18 imde 62.35° iilasainindunnmusiiionnzanauniesyuisdan
deasionediuesodngiu (Delicado et al., 2021) uagnugaumainisiiananvuglvinuieu
(Tco) nmsiiunnnunludanatadin (P1-P6) fien 156.53 G 158.03% dewalinisiianan
(To) vosdianaafin PLA anasnie ddugumgiviasumad (Tm) anauantieeaindns P1-P6
Wiguiiguiiugns PO (Table 2)

P&

—__ P
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- PO

30 130 230 330 430 530

Temperature [C]

Figure 5 Differential scanning calorimetry (DSC) thermograms of polylactide (PLA)/extracted
spent coffee grounds (ESCG) pellets containing second heating

Table 2 Glass transition temperature (Tg), crystallization temperature (Tc), cold
crystallization temperature (Tcc) and melting temperature (Tm) form DSC

analysis for neat PLA and its composites

sample Tg (°C) Tc (°0) Tec (°O) Tm (°C)
PO 65.18 69.63 - 159.77
P1 64.76 99.96 108.85 156.53
p2 64.04 98.80 107.38 157.97
P3 63.60 101.56 109.32 158.01
P4 62.72 101.74 112.03 156.82
P5 63.89 101.84 111.49 156.83
P6 62.35 94.73 103.22 158.03

mﬂmimmawﬁugﬂﬁmm (dog bone shape) 411U 7 Glk nidianaafin PLA uay
Wananainway (compound) WU amwaﬁ‘fugﬂﬁﬁumaaﬂﬁﬁ%mu 7 gn3 (PO-P6) Tmaqm
P4-P6 %ugﬂlé’mmdwqmﬁmﬁa ilesnilananafnuanfidnvazuuunazrzuszanyiuim
Yo InAAT L nawAUlY mmﬁﬂ%’izssnaﬂumsﬁugﬂﬁmuﬁﬂﬁw (Figure 6) a1
NAOULTIRIUIALAZATSEAFAVBITUIIY WU AIAUATULTIAIYININGAT P1-P6 Huualily
anaadloisuiu PO ilesannmaiinuSinunnnundaalinisdadavesluiana PLA anas
ﬁ’sumsﬁmé’waﬁumuﬁLLmIﬁmmﬁiuqm P1-P3 LﬁaqaﬁﬂmamaagﬂiﬁaLﬁmwmaﬁﬂmamaq
gn5 P1-P3 JUNTI@UNINT (NSenszuen) Lladesnin P4-P6 (Wuuuaziusy) (Figure 7) lagusagn
witleaveaiusyvemaadin PLA aziranandediuusinaninnunifininawduly saudadie
nsnusmiulunguiouresninniunlyilinnuduessfisuinanas 40% dawadenisunluly
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Lﬂmamm‘di znauldlaifiud (Xiao et al., 2022) NAapUAINDAHAVBIEY (Young’s modulus)
V9T UITL WU uaQdaresdigns P3 fld1 1.52 fingUrama I@amua@aamawwmmma’m
Anauudefs (stiffness) qqmzﬂ,ﬂma mimaaumﬂaauLLangﬂiNaaqlmuaa mquwam
Andndniisi daudrauuds (Hardness) vosdusiu wudn gns P3 fid1 79.98 wwioad (Table
3) flauilgns P5 auilAngegauniilosaingns Pa-Ps dnwaizsusradananafnnandluaumns
LLazmi?gugUﬁmﬂ ziqmaimsmwiaﬂﬁéﬁyugﬂﬁumu

il

Figure 6 Visual appearance of the injection-molded pieces of polylactide (PLA)/extracted
spent coffee grounds (ESCG): (PO) neat PLA; (P1) PLA+3%ESCG; (P2) PLA+5%ESCG;
(P3) PLA+7%ESCG,; (P4) PLA+9%ESCG; (P5) PLA+11%ESCG; (P6) PLA+13%ESCG

b
C
e e
f 10
}_ 8
e "-.I 6
I- - 4
2
0
P4 PS5 P6

PO P1 P2 P3
m Tcnsile strength Elongation at break

= %l @
o o [=]

Tensile strength [MPa]
=] (5]
(=] o

Elongation at break [%]

-
o

o

PLA composites

Figure 7 The effect of ESCG contents on the tensile strength and elongation at break of
polylactide (PLA)/extracted spent coffee grounds (ESCG) pellets: (PO) neat PLA;
(P1) PLA+3%ESCG; (P2) PLA+5%ESCG; (P3) PLA+7%ESCG; (P4) PLA+9%ESCG,; (P5)
PLA+11%ESCG; (P6) PLA+13%ESCG

Table 3 Mechanical properties of the injection-molded pieces of polylactide
(PLA)/extracted spent coffee grounds (ESCG)

sample Modulus (GPa) Hardness (HSD)
PO 1.48cd 80.21b
P1 1.45d 79.71bc
P2 1.41le 79.98bc
P3 1.52bc 79.98bc
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sample Modulus (GPa) Hardness (HSD)
P4 1.52bc 79.12bc
P5 1.5%a 81.46a
P6 1.53b 78.85¢

€ Difference letter in the same column indicates a significant difference among the samples (p<0.05)

YAAOUNAILA LAY (surface energy) 1895UIL MU gas P1 uaz P3 fldlndiAss
fu fie 35.70 waz 36.3¢ faddafu/u. AudU (Fisure 8a) dawasiensiiniuszdta (polar
component) 716 \fosannduiuRaUszneusae polar component 1u Wusglalasiau
Hugu FadnAn polar component fidduanslifiuindiarumeunem (laseyn, 2560) dusu
sududaldarsiiogluaniugveanan 3 via éud 11 (25 wag 60°) Lefidulnanaa (polar
liquid) uaglalelelafivu (non-polar liquid) TunsmageuLilenydiuiia (contact angle) lng
suduitadt 90° PulufaudAialunsnuseasiifidauarlaifids wui gas P3 Ayuduialag
awAfian Tneyududaneainfl 25 uaz 60 Wiy 86.4° uaz 80.3° mudiy yuduia
wiidulnanea Wity 64.9° wazyududalalelelafiinu windyu 43.7° (Figure 8b-8e) Fanns
yasouLLduaeniigamgiuanisiutuiienaaeueuansalunimusontsduiaes

a = )

Wgaumgliasdudmsunatadininin mnaaeuyuduiaenidulnansaiionaaaunisnusie

(RIRCE e LLazﬂﬁmaaumé{’uﬁalmiaiaimﬁmmﬁamaaumimummaqmmﬁla,iﬁ%’ja lny
Juam P3 mmvmmumiwmmLﬂumﬁf\mm% lnongegouay gAvhanvesyNduiainaaey
Freans 3 wile dengalumsnudidy il yududaneai > yududaedaulnanoa > yu
fuialalelelainu (Parreidt et al., 2017)

wmaaumiqmﬁuﬁﬂ (water uptake) Y84 UILTTELLIAT 14 dUn9A WU %umuqm
P1-P6 Fumlumapaduinifiugstumuimannmuniiduasiulunaiaiin PLA Tngges P6
fiAngean (Figure 9) esanmnnunillassaiimaaiiiuszneuluseeynadnluwaglaa
Fafivyflansenda (-OH group) ilawfinuSaaninnungstunyleasondaaidluduiuny
lelnsianvasingetu denaliranmsounseiudludtunnasuld usgns PO (neat PLA) 3
lelasianduiumlansondaniglueyniaves PLA o3 dwmaliinisgaduthannnisuengniely
Funaaeutiosun (Delicado et al, 2022) Faiiy dlefarsanandadosneg annsmeaeu
m’:t%uimﬁmwmaaﬂwau (ﬂ'ﬁmwaaﬂwa(MFR) ANUEDYIVRTan(TGA/DTG) ARCRICEINIRIES
NA1UYeeTaA(DSO)) uax msmusﬁmumuuavmﬂau (U39fInLazN1TEaT Hagaavedl
Araiuds yududa ndswituia nsgeduii) Sudenwanafinuangns P3 Aidautilanuiu
mmum'ﬁmugmwmi@ﬂm%
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Figure 8 Surface energy of the injection-molded pieces (a), contact angle of polar (b,c,d)
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and nonpolar liquids (e) on the injection-molded pieces
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Figure 9 Water uptake of the injection-molded pieces made of polylactide (PLA)/extracted
spent coffee grounds (ESCG): (PO) neat PLA; (P1) PLA+3%ESCG; (P2) PLA+5%ESCG;
(P3) PLA+7%ESCG,; (P4) PLA+9%ESCG; (P5) PLA+11%ESCG; (P6) PLA+13%ESCG

9INMINATBUNTUNTNTEAN8VIA 57 LT U IUYTENBUIBINITULUTTY (migration
test) (AMuAT§TU JETRO 2008) Faiduntsnaaeuniaindoudearsind unaaeulusaans
31889919113 (1’1’/1, a30EaNNIN0LTAN 4%,ansaranelovnuea 20% 71 60°% uavueTiialaUumy
7l 25°) wui USanasansanfandsnnsseme (evaporation residue) agluinamididsun (lal
A 5 un./nu’) wavileneaaunsunsd (color migration) meldanssrassemnsidendu liwy
nsazaneedd Tainanmageunielideulafndn advayunisldauusssusilunsdnng
FufaormsfigaumnflaiiAu 60° (1 n3m wazwoanosod) uay 25% (lusiu) audeuled
VAFOU

3. NSHANUTINIA

JuzvssySusinarafnuaugas P3 luguiuuvesdonasdeudondasiniosdatugy
wanafin w1 ansndatusuussytasiidauysal anuuumslddianatain PLA adld
Aufouls 60°w nauvouseuq 91nnInnul dussedasisiendnualianizialinnydn
$n¥lanuarlnddasssunfund s u (Fisure 10) wenanilanarafnnauninniuniilads
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anusondnduussydueiladnrainuataguuuy Wy uiinuidy NaesussgeIms 31Uy
Wusu

Figure 10 Packaging made from injection-molded plastic mixed with P3 formula

fuyun1sudndanatain PLA naun1nn1un

Winnatafin PLA mammﬂmLLqu P3 (L‘ﬁmwa’laﬁﬂ PLA N@un1nn b 7%) s1A1
14.88 U/100 1. Qﬂﬂ’j’uﬁam‘%auLﬁauﬁ’mﬁmwmaaﬂ PLA (P0) 57A1 16 U11/100 A. (laes3u
AUNUINGAY (Wana@n PLA) Aunuwsany kazalginglunisngn)

dyUnan1Imaasg

nsassuninnulii el uingAvnannanafin PLA dmiundnussadusiann
nnnui 15 uenadausfuainesnninniundasienuea 95% Ll oanuunie
assvmefionanonduiiu udrevuieninniuiliuis mndundmdanarafnuauninniu
I 6 gAT way neat PLA (PO) U731 gns P3 (dawanafin PLA naun1nnun 7%) Tiauda
ImEmummgamﬁ”m%’umiLﬂuamﬁﬁawaami%%uiﬂ Tnefinsansaufusianuannsoly
nstusUuazanuaaNovediananaiin autfidana (ussiterin mstiad wegiavesds uas
Arude) auafiosnimnannudounin TGA/DSC warautAiuAtnndsnuiuiauasa
dudfa Wenaaeunsunsnszanevesansiiudiulszneureanvurussy wuieglunasin
wmsgIuiisinun Ssannsondadunssyfaideldussre s fionmgdlaiiAu 60° (1 nan
wazuoanaged) uaz 25° (lulfu) 1a ddununisudadananain PLA gns P3 51A1 14.88 U1/
100 n. (AgTIUAUNUIAQAY (Waadn PLA) Aunulssau wazarldanglun1sudn) 910013
naavsfananagiuldininnulduiagildidudunailuwaradin PLA Iautanalunis
fimunduussdaeiluguuuuiivannvans uaztaefiugasinnnunliiAausslenigean 2
anusafimusesendutagyuiouluguuuuesussafasissnneeulndnnaisdy @uludy
ussafasmuieunartuuendutanuinwanadin PLA) Idluauian

nsiluldusslowd
1. dNaueNaIuNIsUIEYuIvINITUNIINGIS LN YATAIENT ATefl 63 Uszdnd 2568
U WM WRTMERS V1UU @1UNgRaMNTINYAT Tufl 4-6 Tuiau 2568 elUalnes
uag e-Proceedings w1 692-699.
2. W duvagsnslanununanaindiliduialy Tnendmduussiseifidesaasls awnsaldiu
wosdnananafnuuusady Tasnegshalifesfuasurdesesanmuiedosinglul
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