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Abstract

Poly(lactic acid) (PLA) is a biodegradable polymer having high potential on industrial
applications. But PLA has some limited property such as its brittleness, low crystallinity and low
impact strength. Then, polymer blends of PLA with poly(butylene succinate) (PLA) were prepared
to improve the ductile and biodegradability. However, polymer blends of PLA and PBS still have
limit of phase separation which resulted in decreasing of mechanical properties. Therefore,
this research focus on effects of additives on properties of the polymer blends of PLA/PBS
including strength, toughness and crystallinity.

Polymer blends of PLA/PBS were prepared with ratios 100:0, 90:10, 80:20, 70:30 and
0:100 wt% using a twin screw extruder. Talcum was added to the polymer blends with amount 5, 10
and 20 wt% to improve mechanical properties and to reduce production cost..The polymer test
samples with and without talcum additives were fabricated using compression molding at 220 °C.
The samples were subjected to physical and mechanical property analysis.

It was found that addition of talcum to the polymer blends of PLA and PBS did not
change the melt flow index of blends. The morphology study revealed well distribution of talcum on
polymer matrix. The modulus of the blends increased with increasing talcum amounts of talcum
while the impact strength showed decrease tendency. The crystallinity of PLA increased with
increasing amounts of talcum. The results of mechanical and physical property analysis confirmed

the polymer systems of PLA/PBS with talcum can be applied to injection molding applications.

Keywords : poly(lactic acid), poly(butylene succinate), talcum, additive, injection molding
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D-(-)-Lactic acid L-(+)-Lactic acid

i 2.3 Tnsead1aluana D uaz L veuananue®a [13]

2.3.1 ATAVDINDAUANANIUDEA
a v = & j LY a vy =%
PLA dianvazla anunnngaasla ¥90193UsgiumIsIANLAIAIY PLA
wa a ° e o a o & o = wa g o
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wazamidangulndifosdy PET uonvinil PLA deflaud@lndifivedy ps uazamnsoilyl
o Yt wa Y [ A o .‘,’, -2 o [ mz l’l’l
sauasliiauialndifady PE 30 PP datiu PLA Seainsmi S ulgeaanianiugiuna

X i @ a Jd a =
Sunmstugtuazmsldon lddududunadn Tenfudindanianszuumimat lasnl

4 s a = a o @ e 3
ﬂﬁNﬁ 2.1 AUUAUDINDALUANANUD TR mmuns:munﬂwgﬂ [14]

Physical Properties Ingeo Resin ASTM Method

Specific Gravity 1.24 D792

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

Clarity Transparent

Mechanical Properties Ingeo Resin ASTM Method

Tensile Yield Strength, psi (MPa) 9,000 (62) D638

Tensile Elongation, % 35 D638

Notched Izod Impact, ft-1b/in (J/m) 0.3 (16.0) D256
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d' aa a a a o o = ‘3 v
A1919N 2.1 TUUAVDINDALUANANUD YA ﬁ'l?‘ii‘Uﬂ'i%‘U'JUﬂﬂiluzll (919) [14]

Mechanical Properties Ingeo Resin ASTM Method
Flexural Strength (MPa) 15,700 (108) D790

Flexural Modulus (MPa) 515,000 (3600) D790

Heat Distortion Temperature (°C) 55 E2092

2.3.2 MIIFOuUneaLanAnILeFa [12]
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5) AuLIMEUA 15U gUnTeiaALsINTZUNN (Bumpers) LWUIBINY (Floor Mats) LAy

gnsslanuaaniolu

4 q/ 1 a (% a 1 n:' a 3
M 2.4 ﬂ'J'E'JEJNWﬁﬂﬂﬂl"ﬂ(%'lﬂwa'lﬁﬂﬂﬂﬂﬂﬁﬁ’lﬂﬂN%’JﬂTW'ﬂNaﬂ"llu [10]

233 A5U0UARI0VRINDALANANLEFA [12]
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y @ 1 a a a { a 3
mwﬁ 2.5 aﬂymzm’sﬂaﬂﬁawmmwaauaﬂmmmwﬁmﬂmu [13]

2.4 WOAUIBAUGATIUA (Polybutylene succinate, PBS) [12]

PBS Tﬂﬂvié’s'lﬂué"m‘”ﬂagﬂuﬂ’cju Aliphatic  Copolyesters ﬁagﬂu Biodegradable
Copolymers fiduns 1219101 Tnsiden Faeson'lda1n 1, 2 - Ethanediol #30 1, 3 - Propanediol
W30 1, 4 - Butadenediol taz lanmsuendanioda azANnLaTA UITALDTA U3 BFATHA

UaFa U IATaardanmanil AN INN 2.6 LASNIINTAIUYDIT Bionolle LAAINUIAAIAITIAN 2.2

0 0

I
%&':-CHZCHZ—c—o—CHZCHonZCHz—O%
n

M 2.6 Taseadamaniives PBS

M13199 2.2 AUTAYDINDATINAUFNTIUA F1HTUATZVIUNITRA [15]

Items Units PBS

Grade 1020MD Injection Molding
Density g/l 1260

Heat of Combustion Kl/g 23.6

H.D.T. (at 0.45 MPa) °’C 97

Degree of Crystallinity % 35-45

Melting point (Tm) °’C 114-115

o

Glass Transition Temperature | C -32
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1:' s oS a ad @ a o g . 1
AN 2.2 FUUAVDINDAVINAUYNBIUA AMIUNIZTVIUNTRA (D) [15]

Items Units PBS
MFR (190 °c, 2.16kg) g/10 min 25
Crystallization Temp. °’C 76
Flexural Modulus MPa 640
Tensile Yield Strength MPa 21
Tensile Elongation % 320

a d
2.5 neamadINay (Polymer Blend) [16]
° a o g ad [ wa a el a 9 o °
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navMa? Molten) ey IiogsnniluiieRsany (Blending) lAilunedmeinau (Polymer
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1 Y aa a 4 ° U a A\ £ Y o g’/ 2 Y a =
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(Scanning Electron Microscope, SEM)
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TunisnaaevauiannnnuioudrvariwesiswBeaaunuiunaesiines
4 4 ] a d a
(Differential Scanning Calorimeter, DSC) 193831/d DSC ldgnesnuuuninesie3ins iz e511e
A a aan =} A kA [ k4 ~
msnlasumlasvesvurumainalnsennil mgarnsenenuien Tagdalsuannuioun
uanANAUYesiagdIndInuiagsedsngungiimedny Taeli Tsunsulvinsessiimsana'ly
[ a = A Y < 9 = ~ @ 9 dy Y]
MUY e IisuiudeyaazidoasunSeudisunula uenvinil Dsc 63
9 o 9 U 9 a A{ % ] d'
ansalddalsuaniuion msuninsznienuionw ANNUTENTVRIAITAIBILAZDUY
a @ < <
smnaue uazdauaaswailuununw e Wdeyanisduvamans duilmuisves Dsc
A a d Y
oA ITHIDYA
o [ A o ' = [ ~ (Y 1 o A '
1) vann1siinune nanau igugadandsnuiaisaiedgasunieldey
A Y A v Y a Y o a 4
ponuszgnyase Tasnmsinuusevnoenldinanuauga TasldnasnuWfengnnes
9 @ U d' [ A d' Y @ ] 1Y :s' Y
v ldindanuesnun Tagaoitiowazon Iuiia e 1M 1yuzuss9easasaIee1e Wasnuiia

4 [ g ~

1< a aw A a 1 @ ] @ a
aonu1vzulaadng ﬁ’”llﬂiﬂ’Jﬂﬂ”lwu‘ﬂ‘lﬁ,ﬂﬁﬂ‘miﬂﬂ’ﬂ “Heat Flux” @998 NINYIQUHYV

a

o 2 v 9 Y o A Y a
wnsynItauvassens Idyaim Inihesnuuminu Taouwlsawdnyuznganssunienny

Re

]
=

lg L d' a a e d‘ :) 1

fouves vunavesiuildzlszvuegnuvuianmisasivesgaungiluszuumsiUgiaanuisinm
a g AY g I~ [ a o YA a =2 Y A
UNHUNDN %zumwmﬂumaﬂqquu DSC ﬂzmam"lﬂmmaqmﬁgu 25 °C 94 730 °C 914

? <
14151‘31!50‘1]%81’11311&711]581]131 50 °C ©14 730 °C

Sample £ AT ‘ Reference
Thermocouple \ /'8 upl
PR N s |
Sample * ! ¥ Reference

Liquid — - Lo
nitrogen
Coaling wen 1 \ — Block
Power for to Tﬁﬂv'ﬂg:m
heating element temperature sensor Snont

santralles

MNA 2.14 352N UNENUDIUATEI DSC



32

a o

2 m3ldalszTemi DSC Fgamgiviau -170 °c fa-725 °0) 1§hnneinvaiy
a s ¥ A [ :’l’
WodAwos lAMai503 ALl
1. MINaDUAZAIY (Melting Studies)
2. anudluKEn (Crystallinity Studies)
3. gunginlasuaniuzadiouda (Glass Transition Studies)
4. Mywaudnu14a (Blend Analysis And Compatibility)

= 1 a L4
5. MIANYUADUINTNABNITQNOBNT 1A% (Oxidative Stability Studies)

£
6. MIVIANUVIGNTD (Purity Determination)
7. MSMIANUYANNIOU (Specific Heat Studies)
8. MIIAAINTS 131?\')1“%'81‘[ (Thermal Conductivity Measurements)
@
.




UNN 3

IEMIAUNUITY

SRS U NE R INE I HANTEHIINDALARANIDTALATNEAT T AU ATIuA T

A

aw Y A 5 ° a 4 v @ A
Tasamsiteil iNedszgadlFlunszuaumsiiaugyl MmsAS ouwe Ao HaNAILIATDI0ATA

1 ,’,’, wa wa a aa v a 4
HUUANG S NUUNATDUAVUANIINIYANTW AUUAFING LAZTUUANNAINNIDUVDINDALNDI

¥
Y

9y
TUADUMIAUTUNY AQL

&an

20

2
WTTY B

3.1 MHUM AU
3.1.1 Amduahideyauazaisuiinuatos
3.1.2 SV WVOYAUAZINRUNUMIAUTUNU
3.1.3 i')”ﬂnﬁ'mqﬁuuazm%mﬁeﬁ‘lﬁumimam
3.1.4 Msasduaz i inavesmsmuuasinnzay Tavimsesounedmeiway
sEvsaNeLANANIeFALAL O ATIT AuFATIMAT IR A ISR NNA TS mmA19q 2t
Lﬂ‘%mﬁ'ﬂ%ﬂﬁﬂg ﬂ: (Twin Screw Extruder) ﬁ&‘ﬁ
1) 8 AT IEIUNDRIND I HANTL N IINBALANANIBFALAT WA TR AudAFIuA TAun
100:0, 90:10, 80:20, 70:30 LA 0:100
2) U5 nmvewiasimuasluneamesweniiu 5, 10 uag 20 wi%
3.1.5 m‘"sUn?;u<1m'vmﬁmJ‘uaqwaﬁmas’wau‘?}L?lumsxﬁnmiqﬁ'mm‘%me‘fﬂﬁugﬂ
3.1.6 NATDUANIIAAII UDINDABS HANTTHIIWBLANANLDT AR WOTTITAUFATIUA
fRvmsiRuuaiBnunin 18ua
1) AULANINYNH
1. m3lvavesneameidromismadeundyiins lnanodwes (Melt Flow
Index, MFI)
2. duguino drondeagansimiBianasounUudeIns1A (Scanning Electron

Microscopy, SEM)

2) auuAneanudou

a a sy
- mMylmgEmmniananuiou (Differential Scanning Calorimetry, DSC)



34

3) auliAEna
1. mimaaumsﬂudmmﬁa G’hmﬂ%ﬂs‘l Universal Testing Machined
2. MINATOUNMITNULIINITLUNA A28 Izod Impact Strength 9o HOUSE FIELD
3.16 FIUIIUWDANATDU i]'lﬂ‘l?ﬂﬁ'lﬂ”li%tﬂi'\%ﬁﬂﬁﬂ'li‘nﬁﬁﬂﬁ

3.17 agiwamsnanswaziaiiglinuean

3.2 Yaghuuazia3esiie
32.1 IngAu
1) WanodLanAnLeTA (PLA) 1n5@ 3001D UTHN Nature Work
2) WANDATITAUTATIUA (PBS) 1N5A 1020MD 1/38M Showa High Polymer Co, Ltd
(Bionolle®) Ire Chemical (EnPol)
3) Wafy 1n3A Micro ACE series P-3 wuineymia 5 lulaswas 91nusEm
Nippon Talc CO., Ltd.
322 inseaileildlunmsnanns
1) A3 0IBATAULVANS] (Twin Screw Extruder) j1 CTE-D16L512
2) insedaiiawaia@n ¥89 131N SCIENTIFIC PROMOTION 3u FD115
3) doudiawaiadn
4) m“%mé'ﬂ%ug 1 (Compression Molding Machine) 13H% Lab Tech Engineering
323 iseailefildlumanaaen
1) in3oanaaeuniennuioudlsmaiaariies sudoaaunuiunaassiund
(Differential Scanning Calorimetry, DSC) 9%8 PERKIN ELMER §1 DSC 800 (1/szmewesul)
2) ﬂé'mqam iﬁﬁalaﬂm DUUVVADINT 1A (Scanning Electron Microscope, SEM) ?'!?’i’ﬂ
JEOL §u JEM-6510 (szimedjiju)
3) NS panATDLIAY DI TAMATTINS 1A (Melt Flow Index, MFI) 80 Modula Flow
Index U TELEX 220147 910134 CEAST (szmedna)

4) 1ATPANATDUAMUNUNIUABUIIAY (Universal  Testing) U1 ® Lloyd Machine
U T30K

5) 1ATINATDUNINULIINTZLUNA (Izod Impact Strength) B0 HOUSE FIELD




iawa1afn PLA, PBS

A

35

]
[ a

—> pufigaivigil 80°C 13a1 8 ¥l

9%3182U PLA : PBS; 100:0, 90:10, 80:20, 70:30 ttaz 0:100

Talc: 5, 10 18y 20 wt%

A

MMIHauAIUIAT030AIAANSE (Twin Screw Extruder)

o 3 ay
uagoavugUilurununaaou

.

naTeUaNLAYoINO AL Ha

Y

AUYANIINIYNIN

3.3 YUABUMIANHUNY

4 a

JUABUNITAUTUIIY LAAIAINTINN 3.1
-

oy ¥
auiaANIeANNIou

> T, T, Yaaneaes > Artms lnaves

-

WaUAuIMALIA DSC

a d
NOQUNDIWE N (MFI)

L dnvaeduguing1d

SEM

' v
ﬂ'lﬂ'?l 3.1 uumumiﬂ'numm

v

Auiarena

Ly NI NUNIUADILTIAS

(Tensile Strength)

Ly DITNUNULLIINTTUND

(Izod Impact Strength)



36

a

33.1 NSRS OUND RN HANTZHINNOAUANANUDTA LA NEADITAUFAFIUATILAY

v
1 [

AsIANIAT AT ISR ANLYANgS Fuaouvesnsnaaouiusail
1) SunsuMsIteuNeAesHANTZHI19 PLA/PBS AauiATassaiauuIangg
1. Fniminveanedmessenitg PLA/ PBS awsas1aan 100:0, 90:10, 80:20,
70:30 1Az 0:100 wazFIeTAUUAIITIN0L 5, 10 HAZ 20 Wi%

2 dusianeduanfnueda LaznealIFaAUTATIUANAYAITIANLAINID 1A

'
=

g a ) [ o
ANVFUNOUMYN 80 °C 1Tuan 8 ¥ 139

Q Q¥

aa a

3. MMIHABUHTUNDANDTNANTLHINNDALANANLDTA LAz WOATITAUTAY
WARRYE SRR EATIA A1 FI0IAS 8 8RS AUUYANG] (Twins Screw-Extruder)
QUNQHNISWANIN Hopper 119 3 Die 1ilu 150 — 180 °C awd1dy AnawIasovang
80 59U/

o a 4 ~ [ 9y o g < Y A ] a 9
4, uHMﬂWflﬁHJ'05Wﬁlﬁ/]Wﬁﬂﬂull'ﬂ'33J1ﬁﬂlﬂuL‘JJﬂﬂ']fJLﬂiﬂQﬁﬂlllﬂWﬁ’]ﬁﬁﬂ 1an

'
S a

o ) [ o =] g’.& = @ ~
i lifeuiguvagi 80 °C 1lual 8 47 11 FIVUABUM TN ITUIAAIAINTNT 3.2

"IIIIIIIII-I.I.IIIII.III.I.II.I-I--'......I..

PBS Tale

emsssmumnEw,
apssssnnnns?®

*
L

..IIIIIIIIII..."IIIIIIIIIIIIII.IIII.III'.."

PLA/PBS/Talc

v 9 '
MNAN 3.2 TUADUNTIATBUNDANDI HAUITZHI1 PLA/PBS MANEITIANLA



37

Y G 2 wa a a J
2) TUABUATIATONFUIIUNATOVANLANIINIGAINIALIFINAVOINBAINDTHAY
1 dl a a 1 4 o g
52¥714 PLA/PBS MIANENIIANLAT A101A3090ATU31
' v v
1. dudanaradni ldnatuasumsiaiounedmweswauszyi1e PLA/ PBS Aw
a 1 .g 9 d‘ u g 1 Ta L4 a o
MsAuaaNIuldronseedatugl Taoldaslundiuiving 20x20x0.03 uAmAT 31U

% 4‘ o % g
150 NS 1Wo¥NIToAUUTY

o & ~ a ) <3| a A Y < a o
Yugiguugi 220 °C Wunar 4 i e lvdianaradnvaounauny uas

2. 99

g A a g I a
HADWUNYUNNUTID nJunm 6 UIN

G

° 2 ra o § o ~ o3 2
3. HTBUITUDDNIINLUWNN Eﬁﬂu’]‘lﬂW]5Ellllﬂucﬁu‘l’lﬂﬁ@Uﬂ’]llll"lﬂiﬁTLlﬂ’]i

) v Y '
nagoay «dﬁwumumimwmmmmﬁauuﬁmmmwm 33

WOANOSHEAUTZH 19 PLA/PBS

MANATIANLAS

@

L3 1 ) o ' 3 { a
Aet1NNAADY UHUAIBENNAA DY avugU quwgil 220°C

ANUAY 150 113 1981 4 W
angungll 27 °C AU 150 115
a1 6 U
' y

= @ g a 4 U a a 1 4
MNN 3.3 muﬁaumsamugﬂwaammwﬁmzw’JN PLA/PBS ﬁmumimmmaﬁ'wm%a

o 4
AU



38

3.4 MINATBVANTANIIANNTOU MIMEMN HazaNUAINa
a 'd sy 9
3.4.1 MIAATITHANDANIIANNTOU
waa 9 9 a a d =) a aa 4
1) mMsnaaevauan1ennudoudomalaaNineI T MTUAAUNUUAIANDITUADS
(Differential Scanning Calorimeter, DSC)

1. PSIHIOUAIDIINATDY

4
° Y

[ . b4 ¥ i
freg1efldlunsnaaey simssaimiiamsasedaldiiimingszna
5-10 Hadnfu v3syaIIAettasluNITUZUTIYAISAIBE1L (Pan) MINITOAUUUIUDINA
Tiansadn 18
2. AAMTNINATDLU
@ a [ 0 . a o °
gasmaiuanudowdiy 10°C/min 1Ingungil 20°C e 200°C udavims
a s ay v
Ansreinan 19
ac
3. 3 MInadoy

. P 9 a q ¥ o @ <
n. Waganaaey DSC Falsznoudonsunaes Id1nsunasans vy
tiufindeya A5z UVAILAY DSC (DSC Controller)
v. vssyasmotuadlunuzusigas udahimssauinsunmealiannse
e ' 4 &R a - ° @ ' ' &
19018 110 e (Furnace) Yous3oe DSC Fadl 2 11 Taoiaii 1 dwnsuldnsuzalauie
o a a Py o @ . s @ o | 4 °
Sluidreds uazad 2 IWdmsulanmyusiivssgasaediuierihnmasoy
f. Yarhasounies DSC
o s é A" ~ v d'
2. fmuasauls (Parameter) azitow' 1y (Condition) NABINTT 11ATDY
Al e a 4 a o 1 a °
2. Suimsewnses DSC uazama lulaswuihgszuy AOUNAADS Bz
a ¢ a A Al gyl = Y 40l O [ - a ¢
myansegungiaviteuluiias Hiletainmganvsziidodyg oufou ABINIADIIE

a d
nyYANIIANINCHNG

o o

4 ° o ' 4
. Tlﬂ'nmmmm"luimmuua:mm‘HuzUﬁgmsmamaaaﬂmmmtﬁm

v
a o

v & y @ ]
DSC 'U'N'ﬂﬂ‘ﬁlﬂial'ﬂ INUUILLTUNMINTNATDUAIBYN

342 MIANTIZHAVTANINONIN
1) MINATABUMIAFUNS 1A (Melt Flow Index, MFI)
acy
1. FMInaaoy
A, AEUThMINAToUAISThANNTEDIANT T UBNgULAZ g UAIuA Az iou
g A 4
duFadsanilsnnanuaoen



39

<. G‘?ﬂqmnqﬁnﬂ?mmaauﬁ 190 °C ¥luaa 15 un w‘%muﬂs:ﬁaqmﬁqﬁmﬁ

fl. P337A1IAIBO Taoiiimindszunm 8 n¥u adlunszuongy

o nimiinna 2,16 A lanfy manmnuﬁ'mnmﬁmﬁﬂ NN usunae
nodneinay nasenumniaaotiusazu Faiald 10 5uid

2. Bumetenniaain sthatios 5 @981

' 4 ) - S
2. FUmin Ltﬁ%ﬂTH')ﬂlH’lﬂ'\ﬂ%ﬁﬂ'ﬁ‘lﬂa

A1IAIUIUNIAT MFI

MFR = 10W /T 3.1
o b4
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HANIIAUHUIHUAZNITAUATICH

PINMIS S UUNDRIDS HANTENIINBALANANUBTA  (Polylactic acid, PLA) uaz
aa ad v a . d' (3 L) U Y 1
WoaLUITaUYANIUA (Polybutylene succinate, PBS) N9a31803UANE 1aun 100:0, 90:10, 80:20,
o w a o o d a " a o
70:30 WA 0:100 ANEIAY uazduTasuumsENUAINTING 5, 10 UAT 20 wt% MM IHAY
Y] & o a ' o & g £ o w o 2 ° aa
Suniesdaiaangg wardavuztilurununadey 1NAIDINFUNUINNININATDUTUR

v
#1399 ldnamsnadouasil

4.1 wamsmmmam‘f?mnmanmmmwa‘éme%Naus:m5Nwaauanamm%mmzweaﬁﬁ?iu
W a d‘ o = 1
FABUANANTITIANUA
411 HANMINAABUATHNT IMA (Melt  Flow Index, MFI) @ 143103314 ASTM
D1238-98
o a d 1 a a a aa a v a a o 1 ]
TNe S HaYTENIINBALANANLETALATHEAL I TAUTATIUANDATIHIUAIIY
1 o w a v w4 a VoA
1AuA 100:0, 90:10, 80:20, 70:30 uag 0:100 AWAIAY wazauanuluaseuaanysun
5, 10 WAE 20 wi% ArumsHaudIens sdasATAzgud NhimsnATeUAAYHNG Tna A

4% o o =
UIRTFIU ASTM D1238-98 NUIMUNNA 2.16 kg lananmnadouanIT1an 4.1

msh 41 deiingna (310 ui) veaneRiuesHaNsENI1e PLAPPBS  M8AT 1Y

\ :‘I d‘ Ta @ o a o o d‘ 1
AN ﬂﬂﬂ1ﬂlﬂﬂﬂﬂﬂﬂlkﬁ$lﬂnﬂﬁﬂﬁ'ﬂ‘lﬁ?J'lﬂm‘l\‘i‘]

MFI (g/10 min)
PLA:PBS PRnamany (%)
(%owt) 0 5 10 20
100:0 19.9 19.5 19.3 19.3
90:10 24.8 23.0 22.0 20.0
80:20 25.0 23.7 22.8 20.5
70:30 277 26.7 26.0 25.3
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lavoswodwes (AF1/10 wIH) uaasaanIni 4.1
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B0 20 - o —
|
e
=

10 |

——PLA —#-90/10 —+%—80/20 —=—70/30
0 1 1 1 1
0 5 10 15 20

Talc content (wt%)

M 4.1 HaNINAADUABAIA YIS AN RNBIHANTTHIN PLAPBS Noas1d@ua1gi

Snanany 0-20 wt%

MNNINATDUMAFTINT 1MV INBANDI NANTENIN PLAPBS NOAT18IUANY
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v Yy v : ] f
NoaT1aIua199 Nan ldpunanuiy weriu)Sunvened i Taudadiuauniy denalia
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@ A 3 4 aa A v A >V v A
ariims lwatiuu Tdugetiu iosnnweaiinsaudadium annuniiad axtinis lvagauin
WO NYS U1 UPINOATITAUTATIUAAIAIINYHAUDINDAINDI NANTIAAAT AINAD
" w oA Y
MABTINS 1ad e
v v
nniusmaauiasunlsnaaeg ldun s, 10 way 20wt lunedmesnay

5Y%1714 PLA:PBS 18A5187UA149 WANITNAADUAIAYHING IHaUaAIAInIT19Nn 4.1 WUIIN3

[
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a @ a ' a o 3’, 1 woA A < Y 1 A
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wunany lulinademariinis Inaveanedwes NaysEHI19 PLA:PBS N19a31891199) 13
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Fuan Tsnamariing lua'ld
412 wanmsnareUdnYardugIMINeveINe e idIondesqanssmisianaseu
UUVEDINGIA (Scanning Electron Microscope, SEM)

a v A
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YOIWORDSHAY WaNINATBUANYaL dRIgIUINGINU IO AW WAL PLAPBS fisasaam
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(MaIvee 2,000 1111)
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' 4 v @ A a a 4 E =} @ '
ﬁ‘JuuNumm [25] LﬁﬂiﬁﬂTﬂlﬂaﬂﬂﬂmﬂﬁlu‘WGﬁmﬂiNﬂll PLA:PBS #10YU ICIUUANHUSLWU

o o K j
V) VOINAAUTALRUIU

4.2 m;m1sm1aauauﬁ"ﬁmqmm’%aummweame%wamzninwa%uanﬁmm%mmz
waﬁ‘ﬁﬁﬁuif’ﬂe'?smnﬁsﬁumstﬁmwia
421 NamsﬂﬂﬁawnNmm%’auﬁ'waﬂnﬂeﬁiut%ammuﬁauﬂaa‘s‘ﬁma% (Differential
Scanning Calorimeter, DSC)
L‘hwaﬁmaﬁ'namsmhqwa8uaﬂﬁmm%uaxwaaﬁﬁ%ucﬁﬂ%mmﬁﬁm1’chu¢hm
14uA 100:0, 90:10, 80:20, 70:30 LA 0:100 AIWMIAY nmfuinmsdurasuiiua @
PS5, 10 1az20 wi% ud il nageumennudeudlsarinessudoadunuiia
LARB3TIADS LAAIHAMINAABUAINI 19T 4.2 B4 4.5

@

4 ana a L4 J ~ 1 1 4
ﬂ'l‘i'N'?l 4.2 ’dHUﬂV\Nﬂ']'\H%’ﬂu‘UﬂQWfJQWEﬁNﬂlﬁz‘ﬂ'ﬂs‘i PLA:PBS 9@ 18@IUAN 'ﬁﬂ?lﬂ'\ﬂl

Nany 0 wt%
v gl ('C)
93183189 PLA:PBS
v Peak 1 Peak 2 Peak 3
(% laeniwiin)
: (PLA) (PBS) (PLA)
PLA 67.07 - 151.79
90:10 63.40 111.77 151.49
80:20 65.73 112.76 152.15
70:30 66.91 113.83 152.47
PBS ~ 114.82 8
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. aa a [ U a o J 1 4
Gl'lﬂs‘!‘?l 43 ﬂummamm%’awmwamnﬂimeszmn PLA:PBS N9AIAIUAN ﬁﬂ?mm

Nany 5 wt%

' gl (C)
A3 1931Ud9 PLA:PBS
v Peak 1 Peak 2 Peak 3
(% lagnimiin)

(PLA) (PBS) (PLA)

PLA 67.70 - 148.06

90:10 65.94 113.70 151.88

80:20 65.87 112.90 151.63

70:30 65.45 113.25 151.75

PBS - 114.82 -

: aa a 14 ' =Y ' ' 4
M3h 4.4 quraMennLouYBIMEABIHANTENI PLAPBS oA 1dIua1en fsuw

Nany 10 wt%

o aaungii ('C)
931831 U89 PLA:PBS
v Peak 1 Peak 2 Peak 3
(% laeiniin)
(PLA) (PBS) (PLA)
PLA 67.97 . 14791
90:10 67.46 114.15 152.10
80:20 65.48 112.85 152.05
70:30 66.58 113.98 152.23
PBS 4 114.97 -




15197 4.5 AUAN1IANLLOUVBINDRINDI NANTENI1G PLAPBS MDA 1dIUA199 NfTum

NANY 20 wt%

o gt (°C)
9318 IUVD9 PLA:PBS
v Peak 1 Peak 2 Peak 3
(% Jagimiin)
(PLA) (PBS) (PLA)
PLA 67.77 - 151.98
90:10 70.68 116.57 -
80:20 65.45 112.06 152.05
70:30 66.91 113.56 152.23
PBS - 115.55 -

aa a 4 1
%1ﬂﬂ'lﬁ'lﬂllﬁﬂ\iNﬁﬂ'li‘ﬂﬂﬁﬂ‘ljﬁﬂﬂﬂ‘l’l'l@ﬂ'ﬂll%,ﬂu‘l]ﬂQ‘Wi’)ﬁmﬂiwﬁuizﬂ’ﬂﬂ PLA:PBS
A o 1 1 Ay r1a o o S LI L X Y I (4
NOAITITIUAN mw"lnmumﬂmmzmwaﬂwﬂ?mm 5, 10 1 20 wt% UY Llﬁﬂﬂlﬂﬂl‘ﬂﬂiiij

v Y Y v A 2
llﬂﬁllﬂﬂJ']Jﬂ‘ﬂNﬂ'ﬂlﬁﬂuulﬂﬂQﬂWW'ﬂ 4.6 DN 4.9

2

8

2
&

3

Heat FlowEndo Up (W) —— =———
8

|

NN 4.6 1193 TUUNTUANTANIAIINS O UYBINDAILDSHANTZH I PLAPBS N9a3187U

1 4' 3 L
A199 NYTMUNAAN 0 wt%
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Heat FlowEndo Up (M) —— ——
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20 /\_/_/\
/f_—h/ 70:30
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, r_—_—/\/\____/\
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Temperature, 'C
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MNf 4.7 mod TuunsuAUTAN AN UYBIND AN HANIZH I PLA:PBS 19731874

A9 NUTIUNAAN 5 wi%
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80
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| 60
fo ﬁW\M 90:10
g
§ 80:20
B2
£ /\—’_—'//—/‘\
ﬁ——M/
[
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Temperature, ‘c

L 1

MNN 4.8 93 TUUNTUAVITANIIANNS D UVOINDAINDI HANTZH 19 PLA:PBS 1903181

A1 NYTuNanl 10 wt%
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Temperature, 'C

% 1

H A a 4 1 ~
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A199 NYTunanu 20 wi%

'
=

INA9T197 42 uasgli 4.6 uansauiAnenuiouveano eI HANTEHIN
PLA:PBS Honsidausen A ldfustandy wudh PLA USgniuansmgumgiivesmsvasinmar
fi 15179 °C uazqamginldsuaniugadeudadfi 67.07 °C dau PBS u?qwéﬁﬁmmnqﬁmm
MsnaouMal 11482°C uailerhmedmednadesriauwaniuiisasidauding nun
maﬁmmiuuﬁmmqmwgﬁmmmswaaumaaeu'aawaﬁma%’v%mawﬁmwnﬁlu 2 WABE
Faou uaznuiinvesgamgin/asuaaiuzadioudaves PLA §au uaaaliifiuimedmesis
aoariafisasidumsnaueey lannsedamld (4]

VAT 4.3 §94.5 uazanil 4.7 8949 uaagauiinennudeuveanedmes
NAUSZ1319 PLAPBS  #15a51d9ua19q MdustasudfitSinm o, 5, 10 uag 20 wi% aueey
wu’hmaﬁmmsmmﬂmﬁqmwgﬁmmmsﬁaaumawmwaﬁma%’ﬁzmawﬁmwﬂﬁ‘lu 2 in
ptaFanu uaznuiinvesgangin/douaamzadioudaves PLA A0 uaaalfifiuiwedwes

g :s' 3 1 1 ) L a
naeariafsaaumsnanag luansanu'ld [1] mideoulunedweswan PLA:PBS

v
v A

{ 1 1 { Ta -5 Q g’l 1 = - =) 1 ] 1 Ll
NoAs1aIuA19 A liANTanY duruIeauIIMsANTasunYTuua1e Lilinaden

v
qmﬂqmmmswaaumawmwamuﬁmﬁawm
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1 o L4 [ _
422 swlediFuaanuilunan (Crytallinity)
wa a 14 = a aa d
Mmsnaaeuautanenudeudsdwaiedsuduaaunuiiunansiines ol
H Y :i T a v W =Y o L d'
WO RBINANSEN e PLAPBS Rigasidaudeg viad liduiaduuazi@uiaduilfsnm s, 10

Y ° g o 5 = v Y P
1ag 20 wt% HU fnil’liﬂﬂ’]u'Jmﬂ’llﬂﬂ%lmu%ﬂ'ﬂulﬂuﬂﬁﬂulﬂ Tﬂﬂcl‘lfﬁllﬂﬁlﬁﬂ 4.1 [24]

AH, 100

= K 4.1
Xe AH,‘Z,XW 4.1)

Taoh AH® = 937J/g

\' =  Weight Fraction of PLA in the Sample
AH, = ipusiallyeanisvasumad (Enthalpy for Melting)
AH® = pusiatluesmsvasumad PLA fitianuiiuxdn 100%

(Enthalpy of Melting for a 100% Crystalline PLA)
& 1 L =;
FuaasndoiFuannuiiunan a3 4.6
d' 1 Jd o 4 I~ = a I'4 U a o [ 1 P
13191 4.6 ﬂ'll‘ll?Jil“lﬂlﬂﬂ?'l“lﬂﬂﬂﬂﬂWﬂﬁlNﬂiNﬁiﬁ%'ﬁ'ﬂ\i PLA:PBS %W9ATIAIUAN N

YSuaunany 5, 10 uag 20 wt%

PLA:PBS autlesidFuaainnilunan
(Wt%) 0 5 10 20
100:0 159 16.1 17.6 19.1
90:10 18.8 189 20.7 209
80:20 18.8 19.9 19.8 21.0
70:30 17.1 21.6 19.9 214

auianennuionIAzNgANITUMIAANANYEY PLA, PBS WAZNOAMBIHAY
315121 1ABNATIA Differential Scanning Calorimetry (DSC) 1INHAYBINIIATIZHNUAI T,
94 PBS #i 114 °C 1A T, 494 PLA f152°C uaasldifumsusnlavesnedeinauniaiiay
waz limuiady 91na1aei 4.6 mﬂmsﬁmmwuiwhmmnﬂuNﬁﬂmmwaﬁmagwﬂmﬁnfm

§ A v o ¥y 24 o @ o ~ o @ Y
dioiusuavoaiany Natiile 9NN an Ui IMif Nucleating Agent 1151 PLA H9AINUY
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@ J a o ' a 3 a Y1 :’;
YINVNTAY PBS 111 PLA m‘lﬁ'mmm&ﬂuwgﬂ‘um PLA IWUYU éﬂW%'ﬁﬂlftﬂ'ﬂ‘l’N PBS

-7 % 1 =Y & o Q‘ =Y a
uazwaaammsumnu'lumsmumsmﬂwﬁmm PLA lunoulnda

43 HamINAaeUANIALING
431 HANINATOUMINUMNUADLSIA (Tensile Test)
TN NATBUNITNUNIUADLIIAT AINUIATIIU ASTM D 638-84 YpINDANDTHEY
21713 PLA:PBS figasrdaaud1eg ‘v',i"ﬁ'l"lﬁLﬁuﬁaﬁmm:sﬁnﬁaﬁuﬁaﬁmm 5, 10 1Az 20 wt%
Yy nanawamsnaaouiiumueadavotmnIangy Fa915197 4.7 1LATATNUABITIAWAA

AIA13199 4.8

AR 47 WansmedeuseAdvesEn MBaNguYDINeRmeIHANTEN I PLA:PBS 1

YSuunany 0-20 wt%

AegiavesammEavyy (GPa)
PLA:PBS B naiians (%)
(wt%) 0 5 10 20
PLA 2.14 £0.03 2.53+0.10 2.90 +0.08 3.42+0.12
90:10 2.14 +0.07 2.37 +0.04 2.62+0.11 3.15+0.13
80:20 1.98 £ 0.05 2.20 £ 0.08 2.44 +0.04 3.04 £0.21
70:30 1.94 £0.02 2.08 £0.03 2.29+0.11 2.71 £0.10
PBS 0.64 + 0.02 0.77 £0.03 0.87 +0.02 1.27 +0.04

Ay ¥ ~ o o o 1 1 1Y
waf lde1na1a319i 4.7 dauaaslugdununsmanudunussniemueganues

1 o v o da a 4 ' { o 1 1
anmbanguivliinavesiaduii@ulunediweinauszning PLAPBS #oAs1dIUA1

HAAIAINING 4.10
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5.0
—4—PLA —=—90/10 ——80/20 —&—70/30 —e—PBS

ii (GPa)

-

muagé’ﬁmmamwmﬁqu
g
<

0 5 10 15 20

USaunaunanu (wt%)

¥
@ 04

§ ' @ [ 7 1 { 1 '
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4 d J a J ' A w [
ﬂ1§1~‘l‘ﬁ 4.8 Wﬂﬂ'\i‘ﬂﬂﬁ'ﬂ]ﬂﬂ1ﬂ1iﬂu@lﬂuiQﬁdﬂ]ﬂ\iﬂﬂﬁmﬂiwﬂlﬁz‘l’nw PLA:PBS NoAiaIy

L a

¥ 1
A19e) Man liiRuiasuuazauiany

MMINUABUTIAY (MPa)
PLA:PBS USmnamanu (%)

(wt%) 0 5 10 20
PLA 44.82 +2.80 33.69 + 1.24 28.96 + 0.33 26.78 £ 1.14
90:10 39.56 + 1.52 30.62 + 1.95 26.38 + 1.42 22.07 £ 2.05
80:20 36,26 +2.23 29.13 + 0.89 24.48 +2.08 2128 £ 1.10
70:30 3444+ 1.83 26.85 + 1.69 2231 +2.12 20.35 +2.30
PBS 28.79 + 1.37 2379+ 1.17 20.32+2.44 19.82 +2.54

{ o @ w ' g ' @
MR 4.8 dnuaaduplunidanuduiugsznemmanudenssaany

a o @ A a a J ' Ao [ ' @ {
ﬂin1mﬂlﬂﬂﬂﬂﬂﬂ%muiuﬂﬂﬂmﬂiNﬁ‘MiZ“ﬂ3N PLA:PBS NoATI@IUANG LLﬁﬂQﬂQﬂ1W‘ﬁ 4.11
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mﬂnamswﬂﬁauém1571ussiﬂusﬁwmwaﬁma%’wﬁm:ﬂin PLA:PBS f551d71
90:10, 80:20 tag 70:30 Fnmsduiasulusasiaiuniee Wy s snuseus st i
aaaslunmadesudielimsuSuveindy FadudhasuziunSnannudlu
WANYDY PLA ‘Iuwaﬁmagwﬁmmztﬁumaﬂizﬁﬁwinﬁmﬁ’wm PLA, PBS uaznany
uﬁiﬁaﬁtﬂmmnﬁaﬁuﬁ‘lﬁ'ﬁmﬁ1ﬁsﬂum'sr§auﬂszmu Far i maveanisueniaves
WA WA PLA 11ag PBS uazﬁaﬁ'n“?'\ﬁlﬁmmmﬂﬁwamﬂﬂimiqmzv‘iﬁzﬁinﬁmmﬁ
R ﬁ'at%uﬁﬁﬁ'sﬂnﬂizmuﬁaﬁﬂ'smi‘inﬂu‘lusxuuwaama%wan PLA:PBS

432 HAMSNATOUMINUNIUADLIINTZUNA (Izod Impact Strength)

MRS NATOUNINUABLIINTTUNNYBINDANOS HANTZN I PLAPBS fsasidu
A9 FSnartany 0, 5, 10 Hag 20 wt% W aAIHANINATDY §3015199 4.9
MR 49 MIINUMUABISINTTUNNYDINDAID I HATUTTN I PLAPPBS fsasdIuag

YSuunany 0-20 wt%

MMINHUTINTZUND (J/m)
PLA:PBS PInanany (%)
(*owt) 0 5 10 20
PLA 25.3+1.86 26.8 +2.33 27.1+1.70 26.1 £2.04
90:10 27.2+1.30 29.1+1.84 29.0 + 1.43 27.7+248
80:20 28.0 + 1.69 27.9+1.92 27.1 +1.98 26.5 +2.14
70:30 273+£2.22 27.8 +1.35 27.4 +2.35 247+ 1.47
PBS 27.5 £2.06 279+ 1.68 27.5+1.80 26.6+2.29

4 9/ a [ o U 1 [
Naﬁ"lﬂfmmﬂﬂﬁmﬂugﬂuunﬂﬂﬂmmﬂuwuﬁiw’mmmiv\uusaﬂszsmﬂnu

v o . Aaa a I'4 ' { o v [ {
Fnawesiaruiifnluneanesnaus 21713 PLA:PBS ASATIAIUA1 HAAIAINIHA 4.12
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5.1 a3UnanmInaasy

5.1.1 v‘imnm’%nuwaﬁma%namzﬂ'51awmmﬂanua%uazwaﬁﬁﬁﬁuci?ﬂé?nuqu; DAIIAIU
100:0, 90:10, 80:20, 70:30 (A 0:100 WRoufouraveams@uiasufiS i 5, 10 uag 20 wi%
druinsessasnangg (Twin Screw Extruder) Q2163 OUFUNUNATOVYDIND AT HANADY
m’%mﬁﬂ%ugﬂ PintunaaeUaNTAA1UBINEAIND I HANSTNIINBUANANILDFANAZ
woaThiaudasuarei hiRuiasuuaz@usiasy 18un mdaiinig lvanednes (Melt Flow
Index, MFI) ﬁﬂymzﬁmgmﬁwmﬁ'wﬂﬁ’mgaws5ﬂﬁ§x§nmauuwdmﬂs 1@ (Scanning Electron
Microscopy, SEM) msSnseHmauianenuieudsarives sudvanunuiiunaeiiines
(Differential Scanning Calorimetry, DSC) NAABUNTINUADLIIAI HATNITNUNIUABUTINTZUNN
(Impact Strength)
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HaNINATUMAT UM 11a (Melt Flow Index, MFI)

MmN 1.1 Hansnageumaytinig Iva vsaweduanAnea
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v MFR MVR Density
PLA-PBS-Tal HIHUN (g) ,
(g/10min) (g/10min) (g/cm’)
0.3136
0.3339
100-0-0 0.3480
0.3110 19.32 26.53 0.16
0.3036
33U 1.6101
m%a 0.3220

MM 0.2 HanmsnagouMaytims Ina veaweduananueFaNAuanuTINY 5 wt%

AN MFR MVR Density
PLA-PBS-Tal HINUN (g) s
(g/10min) (g/10min) (g/em’)
0.3252
0.3439
100-0-5 0.3251
0.3286 19.92 17.62 1.13
0.3351
piet Y 1.6579 |
méu 0.3316




M519R 1.3 HaNSNATBUMAFLNG Ina YoaneaLananueFaNANanulI I 10 wt%
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v MFR MVR Density
PLA-PBS-Tal HIHUD (g) s
(g/10min) (g/10min) (g/cm’)
0.3351
0.3521
100-0-10 0.3191
0.3201 19.50 16.89 1.15
0.3010
37 1.6274
m?'w 0.3255

MR 1.4 HamInaToumAring lua vanoaLanAnBTANANTAANLS Y 20 Wi%

v MFR MVR Density
PLA-PBS-Tal HINUD (g) ,
(g/10min) (g/10min) (g/cm’)
0.3262
0.3291
100-0-20 0.3158
0.3139 19.26 15.58 1.23
0.3219
Eiet Y 1.6069
mﬁiu 0.3214
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ﬂﬁNﬁ 9.1 Namsmﬁaufhmswuusans:uwﬂmmwaauanﬁﬂua%ﬂ

o 1 4 AITHHU Energy Energy Impact
N20819N ,

(mm) (Before) (After) (J/m")

1 3.58 0.024 0.108 23.464

2 3.57 0.024 0.124 28.011

3 3.56 0.024 0.112 24.719

4 3.57 0.024 0.112 24.650

5 3.57 0.024 0.072 13.445

6 3.58 0.024 0.112 24.581

7 3.58 0.024 0.128 29.050

8 3.57 0.024 0.112 24.650

9 3.57 0.024 0.111 24.370

10 3.57 0.024 0.112 24.650

AN V.2 HANITNATEUAINITNULTINTZUNNUDINDALUANANLDTANIALTAAY 5 W%

& oih ﬁ ANHUHUN Energy Energy Impact
(mm) (Before) (After) @} lmz)

1 3.81 0.024 0.112 23.097

2 3.67 0.024 0.156 35.967

3 3.79 0.024 0.112 23.219

4 3.69 0.024 0.124 27.100

5 3.76 0.024 0.072 12.766

6 3.83 0.024 0.080 14.621

7 3.65 0.024 0.112 24.110

8 3.69 0.024 0.112 23.848
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M3 .3 HANSNATOUAINITNULS INTZUNNVBINDALANANIOTANIANN NN 10 Wi%

o 1« 4 ANUHUN Energy Energy Impact
f70819N .
(mm) (Before) (After) (J/m’)

1 3.29 0.024 0.128 31.611

2 3.57 0.024 0.136 31.373

3 3.51 0.024 0.128 29.630

4 3.54 0.024 0.128 29.379

5 3.38 0.024 0.128 30.769

6 3.52 0.024 0.136 31.818

7 3.54 0.024 0.128 29.378

8 3.47 0.024 0.136 32.277

9 3.52 0.024 0.120 27.273

10 3.44 0.024 0.120 27.907

11 3.58 0.024 0.120 26.816

M5 V4 HANTNATBUAINITNUUTINTLUNNVYDINDDUANANUBTANUANNAAY 20 wt%

é'l"mtinﬁ ANHNU Energy Energy lmpa::t
(mm) (Before) (After) (J/m’)

1 3187 0.024 0.104 22.409

2 3.63 0.024 0.108 23.140

3 3.56 0.024 0.128 29.213

4 3.59 0.024 0.124 27.855

5 3.62 0.024 0.128 28.729

6 3.65 0.024 0.108 23.014

7 3.56 0.024 0.124 28.090
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4 1 a (4 . a a a
ﬂ]‘ﬂdﬁ 4.5 Nﬁﬂ'li‘ﬂﬂ’dﬂﬂﬂ'lﬂ'Iiﬂultiiﬂixtmﬂﬂﬂ@'ﬂﬂﬁmﬂiNﬁll'ixﬂ'J'N‘Wi]ﬁuﬁﬂﬁﬂuﬂ“lfﬂuﬁz

woatsaudaFuaNoas @I 90:10 ag luAuanu

o 1 4 AIUHU Energy Energy Impact
AIDYWN ,
(mm) (Before) (After) J/m)

1 3.47 0.024 0.136 32.277
2 3.52 0.024 0.120 27.273
3 3.44 0.024 0.120 27.907
4 3.58 0.024 0.120 26.816
5 3.47 0.024 0.136 32.277
6 3.52 0.024 0.120 27.273
7 3.44 0.024 0.120 27.907

$ ' a 14 J a a a
ﬂTTNﬁ 0.6 HANITNAADUAINTNUUTINTZUNNUDINDAUNDINTUISHINNBALANANLDYA

HATWOATNT AUTATIUANDAI 1Y 90:10 LAZIAUNAAY 5 Wt%

& ot '7; AN Energy Energy Impazct
(mm) (Before) (After) (J/m")

1 3.42 0.024 0.136 32.749
2 3.46 0.024 0.136 32.370
3 342 0.024 0.112 25.731
4 3.5 0.024 0.160 38.857
5 342 0.024 0.128 30.409
6 3.63 0.024 0.136 30.854
7 3.42 0.024 0.112 25.731
8 3.48 0.024 0.120 27.586
9 3.5 0.024 0.120 27.429
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1 1 a [ ' a a a
ﬂ'\‘ﬂ\‘l‘ﬁ 4.7 Nﬂﬂ'li'ﬂﬂﬁﬂﬂﬂ'lﬂ"ﬁ'ﬂulﬁQﬂi%ll“ﬂﬂﬂﬂﬁﬂﬂﬁﬂlﬂiﬂﬁﬂi%“'J]QWﬂaLLﬂﬂﬂﬂMﬂ"lfﬂlm%

woAThTauTATIuAT ORI 1dIU 90:10 LazRNNAnY 10 wt%

o 1 4 AITUNHI Energy Energy Impact
MVENIN ,
(mm) (Before) (After) (J/m’)

1 3.46 0.024 0.128 30.058
2 3.59 0.024 0.152 35.655
3 3.61 0.024 0.128 28.809
4 3.49 0.024 0.12 27.507
5 3.63 0.024 0.128 28.650
6 3.46 0.024 0.208 53.179
7 3.64 0.024 0.168 39.560
8 3.45 0.024 0.176 44.058
9 3.46 0.024 0.12 27.746
10 3.58 0.024 0.136 31.285

4 1 a (4 3 a a a
VI'I‘S'Nle 9.8 HANISNATDUAINITNUUIINTSUNNVIINDAUUDIHTUISHINNOAUANANLDFAUAS

WOATNT AUFATFIUANDAT 1IN 90:10 HAZANANY 20 wt%

o ﬁ ANUHIN Energy Energy Impazct
(mm) (Before) (After) (J/m’)

1 3.46 0.024 0.12 27.746

2 3.58 0.024 0.136 31.285

3 3.46 0.024 0.12 27.746

4 3.58 0.024 0.136 31.285

5 3.46 0.024 0.12 27.746

6 3.58 0.024 0.136 31.285

7 3.46 0.024 0.12 27.746

8 3.58 0.024 0.136 31.286
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§ 1 a 14 3 a a a
ﬂ'l‘ﬂﬂﬁ U.9 HANI NAADUAINITNULTINTSUNNVDINDAUUDIWAUITHINNOAUANANLIDYALAS

woAT T AuFATIUATIEAT 12U 80:20 LAz luANTanAN

o 1 A4 ANHHU Energy Energy Impact
RLEINT .
(mm) (Before) (After) (J/m’)

1 3.45 0.024 0.112 25.507
2 3.6 0.024 0.08 15.556
3 3.62 0.024 0.128 28.729
4 3.44 0.024 0.144 34.884
5 3.42 0.024 0.128 30.409
6 3.56 0.024 0.128 29.213
7 3.35 0.024 0.112 26.269
8 3.49 0.024 0.144 34.384
9 3.48 0.024 0.12 27.586
10 3.41 0.024 0.12 28.152
11 35 0.024 0.12 27.429
12 3.47 0.024 0.16 39.193
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3 J a [ 3 a a a
Pni'Nﬁ .10 Naﬂ’ﬁﬂﬂﬁﬂﬂﬂ’lﬂ'ﬁﬂulljQﬂi%ll'ﬂﬂ‘\lﬂﬂ'ﬂﬂﬁlll't']iNﬁHSZﬂ'ﬂQWﬂﬂllaﬂﬂﬂllﬂ“ﬁﬂ

LA Ne AT T AU ATIUANDAI1EIU 80:20 LAZIANNAAY 5 wi%

é'f’wthq ﬁ ANURU Energy Energy Impazct
(mm) (Before) (After) (J/m)

1 3.49 0.024 0.112 25.215
2 3.52 0.024 0.144 34.091
3 3.48 0.024 0.112 25.287
4 3.42 0.024 0.160 39.767
5 3.47 0.024 0.136 32.277
6 3.45 0.024 0.136 32.464
7 3.48 0.024 0.120 27.586
8 3.53 0.024 0.120 27.195
9 3.52 0.024 0.120 27.273
10 3.42 0.024 0.112 25.731
11 3.49 0.024 0.176 43.553
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4 J a 14 J a a a
ﬂ]‘iNﬁ U.11 Nﬁﬂ1i1’lﬂﬁﬂﬁﬂ1ﬂ15'ﬂulliQﬂi%tlﬂﬂ‘\lﬂﬂﬂﬂﬂmaiﬂﬁﬂixﬂ'J'l\’leJﬁtmﬂﬂﬂlLﬂ‘]iﬂ

LaTNoaTIT AudaFIuATi ST 80:20 LATRUVARAY 10 wt%

& oths ‘?'| ANUNU Energy Energy Impazct
(mm) (Before) (After) (J/m’)

1 3.57 0.024 0.112 24.650
2 3.63 0.024 0.072 13.223
3 3.69 0.024 0.140 31.436
4 3.59 0.024 0.112 24.513
5 3.58 0.024 0.124 27.933
6 3.65 0.024 0.124 27.397
7 3.59 0.024 0.128 28.969
8 3.64 0.024 0.088 17.582
9 3.57 0.024 0.112 24.650
10 3.59 0.024 0.064 11.142
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1 1 a o J a a a
ﬂ“'n\'lﬁ V.12 Nﬁﬂ'ﬁ'ﬂﬂﬁﬂﬂﬂ‘]ﬂ'ﬁ’ﬂulﬁQﬂiZlW\ﬂ‘\lﬂQW'ﬂﬁL'ﬂﬂiﬂﬁui31’1']1@Wﬂﬁuﬁﬂﬂﬂllﬂ“§ﬂ

HAE WD AT AUFATIUATIONI 1Y 80:20 LAZIANNANY 20 Wt%

o 1 4 AIUNU Energy Energy Impact
AIVYWN )
(mm) (Before) (After) (J/m’)
1 341 0.024 0.112 25.806
2 3.43 0.024 0.128 30.321
3 3.47 0.024 0.128 29.971
4 3.47 0.024 0.112 25.360
5 3.40 0.024 0.112 25.882
6 3.47 0.024 0.112 25.360
7 3.51 0.024 0.124 28.4909
8 3.44 0.024 0.124 29.070
9 3.53 0.024 0.088 18.130
10 3.49 0.024 0.112 25.215
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4 3 a [4 3 a a  a
9\]‘513?\ .13 Nﬁﬂ'ﬁﬂﬂﬂﬂ'ﬂﬂ']ﬂ'ﬁWULﬁQﬂi%ln’\ﬂﬂlﬂﬂwt’)alnﬂﬁWﬁujzﬂ')]\i‘waallaﬂﬂﬂllﬂ‘]fﬂ

LaznoATH AudATIuATEAs 18U 70:30 N luRNIanY

v 1 4 AITHHU Energy Energy Impact
fI9eNaN ,

(mm) (before) (after) J/m)

1 3.57 0.024 0.162 38.655

2 3.65 0.024 0.152 35.068

3 3.55 0.024 0.200 49.577

4 3.56 0.024 0.172 41.573

5 3.59 0.024 0.108 23.398

6 3.49 0.024 0.124 28.653

7 3.50 0.024 0.124 28.571

8 3.53 0.024 0.136 31.728

9 3.55 0.024 0.108 23.662

10 3.57 0.024 0.124 28.011

11 3.69 0.024 0.112 23.848

12 3.58 0.024 0.112 24.581
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4 3 a d N a a a
msnﬁ V.14 Nﬁﬂ15‘Ylﬂﬁf)ﬂﬂ'lﬂ'lﬂ’mlﬁQﬂitu‘ﬂﬂ‘ﬂﬂd‘ﬂﬂﬁmﬂiNﬁlli%ﬂ')'\\lﬂﬂi‘llmﬂﬂﬂui)"liﬂ

HAENDRTNT AUTATIUANOATITIU 70:30 LAZIAUNAAN 5 Wi%

o 1 4 ANURU Energy Energy Impact
NIVYNN >
(mm) (Before) (After) J/m’)
1 342 0.024 0.120 28.070
2 3.44 0.024 0.120 27.907
3 3.42 0.024 0.120 28.070
4 3.33 0.024 0.120 28.829
5 3.47 0.024 0.120 27.666
6 3.57 0.024 0.120 26.891
7 3.34 0.024 0.128 31.138
8 3.38 0.024 0.112 26.036
é 3.34 0.024 0.120 28.743
10 3.47 0.024 0.120 27.666
11 3.60 0.024 0.128 28.889
12 3.56 0.024 0.136 31.461
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3 ' a 4 1 a a a
ﬂ]‘ﬂ»ﬂﬁ .15 WHANITNATDUAINTIINULI INTLUNNUDINDALNDI HEUITTUINNDALUDANANLUD YA

LaTneaTHTAuTATIUATISAT1EIU 70:30 LaziANAY 10 wt%

o 1+ 4 AINUNRUN Energy Energy Impact
A39871N ,
(mm) (Before) (After) J/m)
1 3.60 0.024 0.128 28.889
2 3.56 0.024 0.136 31.461
3 3.60 0.024 0.128 28.889
4 3.56 0.024 0.136 31.461
5 3.60 0.024 0.128 28.889
6 3.56 0.024 0.136 31.461
7 3.60 0.024 0.128 28.889
8 3.56 0.024 0.136 31.461
9 3.60 0.024 0.128 28.889
10 3.56 0.024 0.136 31.461
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3 1 a 14 J a a a
9\1§Nﬁ 9.16 HAN1ITNAADUAINITNULIINTTUNNUDINDAINDINTANISH ANNDALUANANLD A

Hasne AT T AU ABIUATONT1EIY 70:30 LAZIANTAAY 20 Wt%

o v 4 AITUHU Energy Energy Impact
AIDEYINN )
(mm) (Before) (After) (J/m")
1 3.46 0.024 0.072 13.873
2 3.44 0.024 0.112 25.581
3 342 0.024 0.104 23.392
4 3.35 0.024 0.080 16.716
5 343 0.024 0.104 23.324
6 3.38 0.024 0.080 16.5681
7 3.42 0.024 0.104 23.392
8 347 0.024 0.128 29.971
9 3.43 0.024 0.112 25.656
10 3.30 0.024 0.112 26.667
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o v 4 AIURUN Energy Energy Impact
URLINT ,

(mm) (Before) (After) (J/m")

1 3.47 0.024 0.156 38.040

2 3.47 0.024 0.112 25.360

3 3.55 0.024 0.200 49.577

4 3.51 0.024 0.128 29.630

5 3.32 0.024 0.188 49.398

6 3.49 0.024 0.124 28.653

7 3.57 0.024 0.172 41.457

8 3.49 0.024 0.124 28.653

9 3.49 0.024 0.112 25.215

10 352 0.024 0.16 38.636

M9 V.18 HANSNATOUAINTNULSINTZUNAYBINBATI D AUFATIUATANNAAY 5 W%

éﬁa:}nﬁ ANUHUT Energy Energy Impact
(mm) (Before) (After) J/ mz)

1 3.49 0.024 0.112 25.215

2 3\02 0.024 0.160 38.636

3 3.49 0.024 0.112 25.215

4 3.52 0.024 0.160 38.636

5 3.49 0.024 0.112 25.215

6 3.52 0.024 0.160 38.636

7 3.49 0.024 0.112 25.215

8 3.52 0.024 0.160 38.636




MIN .19 Namsmﬁaummiwuuiaﬂizmemwaﬁﬁﬁ?\wﬁﬂ%mﬂﬁLanﬁaﬁu 10 wt%
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o 1 4 ANUHRU Energy Energy Impact
AVYWN ,
(mm) (Before) (After) (J/m")

1 3.48 0.024 0.156 37.931
2 3.49 0.024 0.108 24.069
3 3.51 0.024 0.144 34.188
4 3.42 0.024 0.192 49.123
5 3.52 0.024 0.192 47.727
6 3.47 0.024 0.108 24.207
7 3.42 0.024 0.200 51.462
8 3.46 0.024 0.156 38.150

MR .20 HANINATBUAINITNUUTINTLUNAVBINDATITAUFATIUA AN AN 20 wt%

10 ‘7; ANTUNU Energy Energy Impazct
(mm) (Before) (After) J/m")

1 3.53 0.024 0.120 27.195
2 3.58 0.024 0.140 32.402
3 3.45 0.024 0.124 28.986
4 3.56 0.024 0.112 24.719
5 3.54 0.024 0.124 28.249
6 3.59 0.024 0.124 27.855
7 3.64 0.024 0.108 23.077
8 3.50 0.024 0.140 33.148
9 3.51 0.024 0.108 23.932
10 3.52 0.024 0.124 28.409
11 3.55 10.024 0.108 23.662
12 3.7 0.024 0.108 23.529
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Area = 81746 mJ
DetaH=131849J)g  Peak=151.79°C

Area = 33.192 mJ Peak = 67.07 °C
Delta H=5.3536 J/g

Peak = 11482 °C

Area = 367126 mJ
Delta H = 69.2691 Jfg

|
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Peak = 151.49 °C

Aa=17076m) ek =6340°C Area = 92446 mJ

Delta H=3.1623 Jfg Area=6936m)  pegk=111.77 °C A Delta H = 17.1196 Jg

Delta H =1.2844 J/g
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Peak =152.15°C

Peak =65.73 °C
Area = 19.686 mJ
Delta H= 28951 Jfg

Pesk = 112.74 °C Area = 96350 mJ
Area = 12696 mJ Delta H= 141690 J/g

Delta H = 1.8670 J/g

Hest FlowEndo Up (mW) ——— =
8

8

Peak =66.91 °C Peak = 152.47 °C

10 Area = 78.905 mJ Peak = 11383 °C Area = 69,448 mJ

Area = 12.683 mJ Delta H = 12.5246 J/g Delta H=11.0234 Jfg

Delta H=2.0132 J/ig

——
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80
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Peak = 65.87 °C Area =99 422 m) .
. Area= 22839 mJ Area = 49,086 mJ Delta H= 12,9120 Jfg S
g Delta H = 2.9661 Jig Detta H = 6.3748 J/
20
Peak = 151.75 °C
Peak = 11325 °C /L 70:30:5
10 Peak =65.45 °C Area = 67.576 md a = 531
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108 Area=17.216 mJ Peak=67.97 °c  Peak=10662°C Peak = 147.91 °C
Delta H = 3.1303 Ji ~
Area = 36,763 ml Area =99.042 mJ
DaftaH=-7.0478 Jg Delta H = 18.0077 Jfg
80 Peak = 114.97 °C
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| 0 | — e T
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Ew t T G
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£ Delta H= 28353 Jfg i
L | T )
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a Peak = 116,85 °C
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b
1l J
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Peak = 65.45 °C

!m \ Area=32223md Area = 64.900 mJ
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NN 4.2

Y o X
Lﬂ%ﬂﬂﬂﬂ"vugﬂ (Compression Molding Machine)
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® MNN 3 1ATeaNATaUaNTANIIANNToUABINATA Differential Scanning Calorimetry (DSC)

MU 9.4 1ATDINATDUMIAIAFLING 118 (Melt Flow Index, MFI)




MW 9.6 1ATDINATOUMINUABLITINTZLUNA (Izod Impact Strength )
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(Scanning Electronic Microscopy, SEM)
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The 28" International Conference of Polymer Processing Society (PPS-28) -

4» Welcoming Remarks by the PPS-28 Chairman &

Dear Colleagues,

On behalf of the Organizing Committee, I would
like to welcome you all to the 28th International
Conference of the Polymer Processing Society
(PPS-28) held from December 11 to 15, 2012 in
Pattaya, Thailand. As one of the highly acclaimed
meetings in the field of polymer processing, the
PPS Conference takes place annually in different
countries all over the world, with the most recent
ones being held in Banff, Canada (2010) and
Marrakech, Morocco (2011). It is an honor for
Thailand to host the PPS-28 again after 13 years
when the Regional Meeting of the PPS was
organized in Bangkok during 1-3 December 1999.

Regarding the Conference activities, we are proud 1o present 2 Honorary Symposia for
Professor Musa Kamal and Professor Masuda, 10 General Symposia and 4 Special
~ Symposia. There are also 7 plenary lectures and 25 keynote lectures given by

 distinguished researchers in the field of polymer processing and rheology.
Furthermore, visits to natural rubber plantation and processor and a petrochemical
plant are organized for the interests of our guests from overseas. We are also delighted
to announce the number of participants to the PPS-28 to be over 500 from around the
world. The Organizing Committee is putting in its best effort to organize this event
and make it a memorable one.

Lastly, I would like to thank all the sponsors of the PPS-28, without whom it would be
difficult to organize a successful international conference. Their contributions are
greatly appreciated.

Yours sincerely,

,%vmq

KRISDA SUCHIVA
Chairman of PPS-28
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4+ General Information
4 Registration <

The conference registration desk is located in the west foyer on the third floor of the
Patiays Exhibition and Convention Hall (PEACH). The service hours are:

Tuesday. December 11 From 15:00 to 18:00
Wednesday, December 12% From 08:00 10 18:00

My,[)eucmll‘ From 08:00 10 18:00
Friday, December 14% From 0800 o 18:00
Saturday. December 15" From 08:00 to 12:30

4 Oral Presentation Guideline £}

1. Presentation Time:
& Oral Presentation Time © 20 min. (Including Q&A)
s Keynote Presentation Time : 30 min. (Including Q&A)
« Plenary Presentation Time : 45 min. (Including Q& A)

‘( 1. Presentation Equipment:

A\ o Each presentation room will be equipped with a notebook (PC only, no
\ MAC) comnected to LCD projector, laser pointer and microphones, 1If
m‘“l“ -

+ Presentation slides should be made in MS Power point file for smooth
operation.

o If you use your own laptop of Macintosh computer, please inform the
secretariat in advance by email (PPS28-secretariat@miec.orth) of at
least 4 hours before your presentation.

* Internet access will not be provided in session rooms,

1. Submitting the Presentation File:

Pmmmmmqmdmcﬁwlymm:ﬁmlmmﬁkssmdh
a standard media (USB or CD-ROM) to the PPS-28 staff in the designated session
reom before the session begins. Our staff will assist you to load your file on the
conference computer. For those who wish 10 use their own notebook computers,
please verify the compatibility before their sessions.
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4 Poster Presentation Guideline <+

L Poster Guideline:

The poster title, author{s)'s name(s) and affiliation(s) should be placed st the
1op of the poster. The recommended printed size for title is 2.5 - 5 om. (1 - 2 inches)
in height. All illustrations, charts and pictures should be visible from a distance of 1.5
m. The poster dimensions arc 90 cm. (- 36 inches) widlth 120 comn. (- 48 inches) herght.

11 Poster Area:
Poster session will be held in Terrace A & B of the Pattaya Exhibition and
Cmu-m(mm&tmu-dwmkwmbyamm
igned 1o cach p k)ﬂtu... C P
are resp ible for ing and l‘hﬂrpuucrsdrmwlvesﬁwwmﬁ:
wmwmmwﬂkWammmmek:M
on the display board in the moraing of 12 December 2012 (08:00 - 12:00)

111 Presentation Time:
Posters will be available for viewing throughout the confervoce and must be
taken down by 10:00 on 15 December 201 2. Formal poster viewing will fake place on

December 12, 2012 from 16:30 - 18:30 (after afternoon break). Poster presenters are

asked 1o be available for discussion at their posters during the formal posier session.

All delegates are encouraged to attend. There will be no audio-visual equipment for =)

Poster Session.
43 Instruction to the Session Chairs <

1. The Chair of the Session will obtain a short CV OF THE SPEAKER before the
session starts from the conference staff at the session Toom or from secretariat.
Entroduce yoursell (name and affiliation) & thest lotrorduce shortly the speaker.
. Time of the presentation are as follows:

o g

»  Oral Presentation Time : 20 min. (Inclading 5 min. Q&A)
»  Keynote Presentation Time : 30 min. {locluding $ wan. QXA)
* Plenary Presentation Time : 45 min, (Including 5 min. Q&A)

4. Members of the support team will be in the room to helg the Chair wath all the
tasks.

5. Ethmmmmllhemppedmlham&Kmly no MAC)
connected to LCD projector, laser pointer and

6. mmwmwwdbynwsumnmsmbdmmgwm

IMPORTANT!!
* Please respect strictly the tming as indicated on the program.
s I a speaker is not present to give his/her lecture, please do not change the time
order of the next presestation. Do strictly keep the schedule as printed on the
program.

-

The 28" Internatéonal Conference of Polymer Processing Society (PPS-28) @

10:00-17:00  Aoeutive

15:00-18:00 lleps&ntm

" Commitiee Meeling

Room
Roya! Cliff Grand Hotel & Spa

West Foyer.
PEACH

Roof Top Chiff Terrace

18:30-20:30 \Vamkeceptm Royal Cliff Grand Hotel & Spa

West Fayer.
PEACH

Hall A,
PEACH

(9‘4(”0"0 Phuyl.&:hm

_ PEACH

Hall A,

Hall A,
PEACH

lD‘JO—K)‘jO Cnﬂ'ee Bmk

12:20-13:30  Lunch

13.30-14.20 Plenary Lewm

1&50-12 20 Tcdlm:ul ngnm

West Foyer and Level 2 Hall,
PEACH

Various Conference Rooms,
PEACH

Hall A,
PEACH

14:30-16:10  Techmical I‘mgrum

16 10-16:30  Coffee annk

~ West Foyer and Level 2 Hall,

Various Conference Rooms,
PEACH

PEACH

l(LJ(HS 30 Poster Session

oammm R.egsstmm

08300910 Plawylmm

Terrace A & B,

09 30!0-40 Technical ngnm

10:40-11:00 CanecM

West Foyer and Level 2 Hall,
PEACH

umuzo Technicall’mgum

12 20]1!0 meh

Various Conference Rooms,
PEACH

Coffee Shop & Food Count,
PEACH
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13:30-14:20

Plenary Lecture
Trsday, 4301550 Taa.mxpm,.m mmm ﬁ
:);m 15:50-16:10  Coffee Break West Foyer and Level 2 Hall,
16:10-17:50  Technical Program mCmm
O8:00-18:00  Registration :"Ee:CI-lW
08:30-09:20 m..,m 2{3{
09:30-11:00 Twuwn@MmCMM
& 020 Coties Seask “mum&zmx_ Bl
N 11:20-12:40 Tedn‘ulm mmu
12:40-1330  Lunch WWW""
13:30-18:00  Site Visits R AN
. 08:00-12:30 u.;..m' B w. /s
08:30-09:20  Plemary Lecture gg
09:30-10:50  Technical Program Various Conference Rooms.
m 10:50-11:10  Coffee Break ;Td'f’w-ﬂc\dzmu"“
N 11:10-1230  Technical Program ;’g*;mhﬁm
12:30-13:00  Closing Ceremony ggﬂ
13:00-14:00  Lunch Coffee Shop & Food Court

Mx-smm Honoring Prof. Musa Kamal

07 - Polymer Composites and N "

07 - Polymer Composites and Nanocomg

06 - Reactive Processing, Polymer Blends and Alloys

07 - Polymer Composites and Nanocomposites

10 - Process Modeling and Simulation

o1 -E —_— ioa Proc

02 - Blow Molding, R

T™ - Memorial Session of Prof. Toshiro Masuda
03 - Fibers, Films and Foams

PR .
- T it

14 - Frontier Processing Technology

07 - Polymer Composites and N P

07 - Polymer Composites and N; ip

09 - Morphology and Structure Development

13 - Natural Rubber & Rubber Processing

08 - Rheology and Rheometry
13 - Natural Rubber & Rubber Processing

05 - Mixing and Compounding

11 - Bio-Based & Biodegradable Polymers and
Polymer Recycling

04 - Injection and Microinj Molding and Molds

05 - Mixing and Compounding

12 - Food Rheology & Processing
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evelopment of Polymer Blends of Poly(Lactic Acid) and
Poly(Butylene Succinate) Using Talcum as Additive
for Injection Molding Applications
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artment of Chemical and Materials Engineering, Faculty of Engineering,

b Department of Textile Engineering, Faculty of Engineering,

ala University of Technology Thanyaburi, Thanyaburi, Pathumthani, Thailand
of Biobased Materials Science, Kyoto Institute of Technology, Kyoto, Japan

:nds of poly(lactic acid) (PLA) and poly(butylene succinate) (PBS) were
ubjected to injection molding process. However, the hinge of the packaging i
f the main problem for packaging. Talcum (Mg;SisO0(OH);) was added to
additive to increase the toughness of the polymer bends with amount of 1, 2, 4, Wit
he blending process was carried out using a twin-screw extruder at 170-190 °C il
ed of 80 rpm. The polymers were blended with ratio of PLA:PBS of 100:0, i
), 60:40, 50:50, and 0:100 by weight. The blends were subjected to thermal, i
and physical properties investigatigation. The morphology and thermal |
f the blend were studied using scanning electron microscopy (SEM) and i
nning calorimetry (DSC) techniques, respectively. The blended of PLA and
80:20 and 4 wt% of talcum showed highest tensile strength, elongation at
t strength and melt flow index. The DSC results showed separation peaks of
g temperatures of two polymers. The scanning eclectron microscopy analysis
ing of dispersion of PBS phase into the PLA matrix. It was found that talcum |
toughness of hinge for polymer blends of PLA and PBS. The polymer blends i
ed to injection molding to compare the hinge of packaging product fabrication

oly(lactic acid), ~poly(butylene succinate), Talcum, injection molding ‘
dable polymer il
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DEVELOPMENT OF POLYMER BLENDS OF POLY(LACTIC ACID)
AND POLY(BUTYLENE SUCCINATE) USING TALCUM AS ADDITIVE
FOR INJECTION MOLDING APPLICATIONS

W. Pivsa-Art'", S. Thumsorn’, J. Ratanapisit', H. Yamane’ and H. Ohara’
'Department of Chemical and Materials Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi, Thailand - weraporn.p@en.rmutt.ac.th, juraivan.r@en.rmutt.ac.th
’Department of Textile Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi, Thailand - supaphorn.t@rmutt.ac.th
Department of Biobased Materials Science, Kyoto Institute of Technology, Kvoto, Japan - hyamane@kit.ac.jp,
ohara@kit.ac jp

Abstract - Polymer blends of poly(lactic acid) (PLA)/poly(butylene succinate) (PBS) were prepared via the twin screw
extrusion process with ratios of PLA PBS of 90:10, 80.20 and 70 30. Talc has been added to improve mechanical
properties and reduce production cost. The amount of talc was varied from 5 to 20 wt% of the polymer matnx The
blends with talc additives were compressed at 220°C and samples were subjected to physical and mechanical property
analysis. Addition of talc had no significant effect to melt flow of PLA/PBS blend systems. Morphology investigation
revealed well distribution of talc in the polymer matrix Modulus of the blends increased while increasing the amount of
talc additives. The impact strength of the blends was not significantly reduced with additien of talk but slightly
increased with Swt% of the mineral additive. The results of physical and mechanical investigation confirmed adequate

properties for injection molding applications

Keywords Poly(lactic acid), poly(butylene succinate), talcum, additive, injection molding

Introduction
Recently, poly(lactic acid) (PLA) has become a
polymer of large interest not only in the traditional
areas of biomedical and pharmaceutical applications
but also in the commodity area, 1.e. mainly packaging
applications. Indeed PLA has biodegradabilaty,
annually renewable availability, and process ability
following standard melt processes such as injection
moulding, film blowing or melt spinmng [1.2]
However, application of PLA is limited due to its
brittleness and melt viscosity for processing. Therefore,
blending of PLA with higher toughness biodegradable
polymer will overcome the problems and may enhance
process ability of the polymer blends. Poly(butylene
succinate) (PBS) 1s one of the aliphatic polyesters
having good potential to blend with PLA.

Poly(butylene succinate) (PBS) 1s known
under the trade name ‘‘Bionolle’’, synthesized through
the polycondensation reaction of 1,4-butanediol, and
sucainic  aad  [3-5]  This  white  erystalline
thermoplastic polymer exhibits not only a melting
point similar to that of low-density polyethylene
(LDPE), but also glass transition temperature (Tg) and
tensile strength between those of polyethylene (PE)
and poly-(propylene) (PP), and stiffness between that
of LDPE and high density polyethylene (HDPE) In
addition, this biodegradable polymer possesses
satisfactory strength and toughness, close to those of
LDPE, which 1s considered highly promising as a
commercial commodity polymer [6-7]

However, the polymer blends of PLA and
PBS stll show insufficient mechanical and thermal
properties as well as high production cost of
biodegradable polymer components. Therefore,

addition of inorganic additive i1s considered to be one
of the most effective methods

Talc or talcum 1s an organophilic 1norganic
filler, water repellent and chemically inert mineral,
which is widely used as polymer additive including
biodegradable polymer Lamellar talc with high aspect
ratio  improves the deflection temperature of
polyolefins to a greater extent than talc with alower
aspect ratio. Moreover, talc 1s water repellent and
chemically inert which 1s very important for the direct
contact of mineral filled packaging material with food-
stuffs [8] We have studied the addition of talcum to
the polymer blends of PLA and PBS to improve
various properties and lower the production cost.
Talcum will not only enhance the polymer properties
but also acting as the nucleaing agent.

Experimental
Materials

Poly(lactic acid) (3052D) and Poly(butylene
succinate) (1020MD, Bionolle™) were commercial
grades supplied by Nature Works LLC, and Showa
Denko K K., respectively. Fine talc powder (Micro
ACE series P-3) with an average particle size of 5 um
was purchased from Nippon Talc CO,, Ltd.

Methods

Prior to mixing, PLA and PBS were dried at
80 °C under vacuum for 12 h and talcum was dried at
100 °C under vacuum for 6 h. The polymer blend
according to Table 1 were compounded by
simultaneous addition of all components to twin-screw
extruder. PLA and PBS blends were prepared with
weight percentage ratios and talcum was added to the
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blends. The temperature profile during compounding
of all blends was 170-190 °C. The screw rotation speed
was fixed at 70 rpm. The extruded matenals were
preparated into standard tensile, hardness and impact
specimens by  compression moulding using
compression mould of 20 x 20 x 0.03 cm and a hot-
plate hydraulic press at 220°C and allowed to cool to
room temperature under pressure

Table 1 Compositions of PLA/PBS blends

PLA 100 | 90 | 80 | 70 0
PBS 0 10 | 20 | 30 | 100
Talcum 5,10, 20
Analysis
1. Rheology

The PLA, PBS and polymer blend samples
with specified amount are preheated for 5 min at 210°C
before analysis. The standard compress weight was
216 kg

2. Morphology

The morphology of samples from impact tests
were analyzed by a scanming electron microscopy
(SEM) (JEOL JSM-6510)

3. Mechanical property
Tenstle Testing

The tensile test was carried out at a rate of 10
mm/min according to ASTM D638 The samples were
compression molded Standard type I dumbbell-shaped
samples with a thickness of 3.0 mm.

I-od Impact Strength Testing

The samples were compression molded
Standard shaped samples (ASTM D256) with a
thickness of 3.2 mm A pendulum swings on its track
and strikes at a notched, cantilevered plastic sample
The energy lost (required to break the sample) as the
pedulum continues on its path 1s measured from the
distance of 1ts follow through

Results and Discussion

Melt flow Index

Melt flow index (ASTM D256) of PLA, PBS,
polymer blends and polymer blends with talcum
additives are shown in Fig 1.

‘u ]

i

i 30 !

£ ]
20
10

—=FPLA ~*=90/10 ~#-30720 ~E~7030

] " i i ad

] 5 10 15 20

Tak content (wt% )

Figure 1 Melt Flow Index
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The addition of talc 1n PLA, and PLA/PBS
polymer blends did not change the melt flow of
polymer significantly. Although PLA 1s easily
degraded at high temperature but the results confirmed
that talc stabilized the thermal stability of polymers
The melt flow of PBS was too high compared with
PLA and polymer blends

Morphology

The morphology of the polymer blends were
investigated using scanming electron microscopy
(SEM) [7, 9] Figure 2 shows the SEM photo of
PLA/PBS blends without talc. PLA and PBS pure 1s
clear. As the PBS wt% increases, the phase separation
1s quite evident in these blends.

{u) 10010

(epfr1on

Figure 2 SEM photographs of PLA/PBS blends
(a) PLA, (b) 90/10, (c) 80/20), (d) 70/30, (d) PBS
(scale baris 10 um)

-

Figure 3, 4 and 5 show morphology and
dispersion of talc with 5, 10 and 20%wt 1n PLA/PBS
polymer blend matnx, respectively

B9 0

i ]

Figure 3 SEM photographs of PLA/PBS blends
(a) PLA, (b) 90/10, (c) 80/20), (d) 70/30, (d) PBS
with talc 5 wt% (scale bar1s 10 pm)
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Figure 4 SEM photographs of PLA/PBS blends
(a) PLA, (b) 90/10, (c) 80/20), {d) 70/30, (d) PBS
with talc 10 wt% (scale bar1s 10 pum)

Figure S SEM photographs of PLA/PBS blends
(a) PLA, (b) 90/10, (c) 80/20), (d) 70/30, (d) PBS
with tale 20 wt% (scale bar 1s 10 pm)

The SEM photographs show  similar
morphology of distribution of tale 5 to 20 wt%. The
structure of talc was well dispersed in the polymer
blend matrix 1n all samples. Talc consists of a layer or
sheet of brucite (Mg(OH),) sandwiched between two
sheets of slica (510,) [5] The lamellar structure of talc
improves the strength of polymer more than the
particle flisers [10]

Tensile tests

Tensile strength analysis were performed at
25°C (room temperature) to study tensle strength and
tensile modulus of the polymer blends with talc
additives. All tests were done accerding to ASTM
D638 standard Tests of neat PLA, neat PBS and
polymer blends were carried out with a crosshead
speed of 10 mm/min Property values reported here
represent an average of the results for tests run on ten
specimens.

The addition of PBS in PLA decreases the
tensile modulus of the blends because PBS 15 a soft
polymer having lower modulus. It was found that
addition of talc increased the tensile modulus of the
polymer blends clearly
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Figure 6 Tensile modulus of PLA/PBS blends
with addition of talc 5, 10, 15 and 20 wt%
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Figure 7 Tensile Strength of PLA/PBS blends
with addition of talc 5, 10, 15 and 20 wt%

Figure 7 shows tensile strength of PLA/PBS
blends and PLA/PBS blends with talc 5, 10, 15 and 20
wt%. It was found that the strength decreased with
increasing amounts of talc. The phenomena may due to
weak adhesion of talc to the polymer matrix as can be
seen from the SEM pictures. The addition of PBS to
PLA formed the phase separation of two polymers

Izod Impact Strength

36 e

e~
)

Tnp actstreng th (J/m)
|
]

=+ PLA ~=90/10 % §6720 ~==70/30 ~*~PBS

L] 5 19 15 20
Tak content (wtd% )

Figure 8 Izod impact strength tests of PLA/PBS blends
with tale additive.
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Figure 8 shows impact strength of PLA, PBS and
PLA/PBS blends with talc. Higher PBS contents
polymer show increase of impact strength due to
flexibility of PBS. The addition of did not reduced the
impact property of the blend but slightly increased with
5 and 10 wt% of talc. The results may due to the
lamella structure of talc distnbuted in the polymer
matrix absorbed and dispersed the impact force.

Conclusions

The effect of talc additive to the physical and
mechanical properties of polymer blends of poly(lactic
acid) (PLA)/poly(butylene succinate) (PBS) were
investigated The amount of talc studied was 5 to 20
wt% respected to the polymer weight Melt flow of
polymer blend was unchanged significantly with the
amount of talc additions which can be implied with the
stabilization of polymer of talc. Morphology
mvestigation showed well distribution of talc in the
polymer matrix. Modulus of the blends increased while
increasing the amount of talc additives. The impact
strength of the blends was not sigmficantly reduced
with increasing amounts of talk The physical and
mechanical  investigation confirmed  adequate
properties for injection molding applications
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