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Special Project Title Study of Inorganic Fillers in Biodegradable Plastics
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Miss Sajee Phanthasen ID 52050237
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ABSTRACT

This project aims to study effects of inorganic fillers on properties of PBS/HBS
(Medium-modified hydrophobic tapioca starch) biodegradable plastics.  Blend ratio of
PBS/modified starch was fixed at 60:40 (weight ratio) with 40% (by weight of starch) of glycerol
plasticizer. Four types of inorganic fillers were investigated in this work, i.e., calcined Neuburg
siliceous carth (Aktiﬁ’c® AM), calcium carbonate (coated), calcined Kaolin clay (KaMinTM 70C)
and nano-precipitated calcium carbonate (NPCC-101). Blend samples were prepared by using a
twin-screw extruder and shaped by injection molding technique. Properties of the blends were
characterized, i.e., mechanical properties, thermal properties, Melt Flow Index (MFI) and
morphology using scanning electron microscope (SEM). Percentage of water absorption and
degradability by burial test were also tested. By adding the fillers up to 40%, it was found that
Young’s modulus and hardness were increased, however, some properties were deteriorated, i.e.,
tensile strength, %elongation at break and impact strength. Melting temperature (T, ) of PBS was
slightly affected by all fillers. It was found that MFI decreased as the filler loading was
increased. From SEM micrographs, good filler distribution and good filler-polymer interfacial
bonding were found in all fillers. Percentage of water absorption increased. From burial test, it
was revealed that degradability of the filled PBS/modified starch was slightly different. It seems
like all 4 inorganic fillers in this work can be used to lower the cost, CaCO3 reduces the cost of
compounding polymer blends up to 50% compared to other fillers without any sacrifice
properties.

Keyword : Biodegradable Plastic Poly(butylene succinate) (PBS) Modified Strach Fillers
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319N 2.1 auiAved PBS NHAANIINISA[12]

Properties PBS
Film grade Injection grade
Density (g/ml) 1.26 1.26
T,(C) -32 3
T. 16 114 115
Heat Distortion Temp ("C) 97 97
Tensile break (kgf/cm?) 580 210
Tensile Elongation (%) 700 320
Flexural Modulus (kgf/cm?) 6,700 7,000
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2.6 MINUAN (Fillers)
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Lime/CQ,: Ca(OH), + CO, i CaCO, + HO
Lime/soda : Ca(OH), + Na,CO, o CaCO, + ZNaOH

Solvay process :  NH, + H,0 + CO, + NaCl —> NaHCO, + NH,CI
Ca(OH), + 2NH,CI —>  CaCl, + NH,0H
CaCl, + Na,CO, —>  CaCO, + 2NaCl

Y aan o
517 2.6 UgAT lumsinSsuunaidoumivewa[19]
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d g
2. HANNUNUAAUBANMTUDIUAYHAPCC
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M19192.2 ANUANUFIUVDY Calcine Kaolin Clay tN5A Kamin' " 70C [29]

20

Properties Kamin' " 70C
Physical form White fine powder
Specific gravity 2.6
pH 6
Particle size (micron) 3.2
Water Absorption Insoluble
Oil Absorption (g/100g) 54
Chemical Analysis :

- 8i0, (%) : Crystalline <0.10

2.6.3. Calcined Neuburg Siliceous Earth (Aktifit” AM)

Aktifit® wan Tasn1sUSunlasuiuiives silfit® Z 91 [21] Taald lasiaw by-product

wenRNITHINUANIGNTE1Y
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NRABDNIENI1INI LUIUNTIHAR TR Imaurzinmzuiueg

a v a o o 1 ! ] | a ; n::
VURIaIMIA ALY NsnTeiidenassaanatianeen ludosnisnezifavu luduaauns

W3

§ﬂﬁ 2.7 anyazialueg Calcined Neuburg Siliceous Earth (Aktiﬁt® AM) [20]
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Neubsarg Siliceous Farth & &
aedrment, which was Jdepositan
Wl rrdlion yeaes a9 onihe
hmestcos slrate Irom o o
APESEC pecos] &nd fellin

socallad karar funrels where il

T e g e

g‘l.lﬁ 2.8 ANHMULA amﬂuuwm Calcined Neuburg Siliceous Earth (Aktiﬁt® AM) [20]

Uiz Tomdves Akifit® Tnozii I 1 luamidoenisusefsnazawogdaags doadu

3 _ 1a d' = J’ 1 -3 = o
anuanlsansemsduiouvesiumiuiimaiuluszniensugd donldlumsiiae

b
wiianaznuau 1w

3199 2.3 auTRveq Silfit” uay Aktifit AM [20]

Characteristic silfit” Aktifit® AM
Particle Size (um)
- Dy, 3 2
- Dy, 10 10
Electrical Conductivity (uS/cm) 20 60
Density (g/cm?) 2.6 2.6
Hardness : silica/calcined kaolinite 7/4.5 7/4.5
Water solubility (%) insoluble insoluble
Acid solubility (%) 0.25 0.25
pH value 7 9
Chemical analysis:
» 810 86 86
- ALO, 12 12
- Fe O, <1 <1
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d
2.6.4. uﬂuuﬂaﬁﬂummamm (Nano-calcium carbonate; NPCC)
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@15197 2.4 aUTANUFIUYEY NPCC-101 [22]

Properties NPCC-101
YUIANGUABUAITAUAY (um) 2.9
T . o
WUNAITUWIZDYNIAWTY (m/g) 21.9
pH 9.19
ANDUNE (g/em’) 2.50

d'l S =) Y :ni’ :n;
2.7 mimmamzmﬂuﬂﬁ“l%‘lumiwawmzwgﬂﬁmam

2.7.1 MINaN (Mixing)
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51 2.10 IN5IHANIDY Co-Kneader [23]
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3UN 2.11 19T090RTANVUINGEINUBUE (Twin screw extruder) [23]

2.7.3 M3AAYU31 (Injection molding)
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3J‘]1"E'J\11"l'l\f|LLEJﬂﬁ]']ﬂ’ﬁ‘]JEL"UTQILL?JW'JJWLW!ﬁ%‘H‘OQ (38N TUIUDT (runner)

(Y] = - 1a d - . CO= a1 Y o ) oy
MINHVLAUNNNN (Hydraulic clamp unit) HNISENNUIN Llﬂﬁllﬂ Lﬂuﬂﬂulﬂﬁ’]ﬁ‘i‘ljlﬂﬂ
a) 1a do A Y o w a a1 d”w b o o Y A
LLﬂSﬁ‘iJﬂF*J'ILL'JJWiJW‘UUlﬂﬁE)uﬂ']Efﬂ’]ﬁﬂvlgﬂﬁﬂﬁﬂ qﬂﬂsmmuummumqﬂﬂﬁmmmmmuma
[l 1a a1 = d o o A = (=Y o o 9 a o d d a
PULUNWHNNDUNRA LLﬂ&’QﬂﬂﬁEl!'ﬂ’lﬂ']’iiJLfJ‘lJlWﬂaﬂQﬂlﬂQNLLﬂJWMW ﬂ’]iﬂfﬂlﬁﬂﬂﬂlmu%ﬂﬂ'\)ﬂ@‘l‘l
1a 4
DOADDNIINLUWUN
o & W i Y o
YANIVANNAIY (Central control) 1 UgARIVANIATOITNTTINYNAIU 1A gilnsal

=

] o o g d
enszua Wi gUnsalia uazaiuquaumgi gunsaintuguauA LazgUnsaldaunm

L1

b))
e
=).
Sh.
2
@Q
Lo

2.8 NIUIVENNY
o a o ]

Jo Ann Ratto tazaney [24] 1Asn5iaS vuwofuesnausei1e PBSA (Polybutylene

[ o ¥ =] " e v wa a wa

succinate adipate) NULTRY Twa ndnhwduglhdundudaumodnyiauidiFna, auiia

NeANNTaU tazavianstesaais lauasoy PRSA wannuuil ludnsiaiu 5% - 30% Iy

v ¥
o W o =Y ] I3 1 1 P
dmin dhnsyugddsemaiinnisdasaflaumuui (Blown film extrution) w1 inauile
&

& s ' o Y E; v o = sd o
memm“lﬁ’mmqaﬁ (Modulus)ifiN U UARIAMUAUTIAG (Tensile strength), 11/a51FUA

=h.

o a '
MR ol 9117 (% Elongation at break) HaEANUH T (Toughness) AAAY NINTUATISH
L7 1 = 4 q‘ J 1 o o o 1
Bﬂi"Iﬂ’liﬂﬂﬂﬁﬁ’ltlcluﬂug{'lﬂlﬂ?ﬂﬁ RBSpirometel‘ Tﬂﬂ‘W‘Uﬂ"l'ilWﬁJ“UuﬂUNﬁUElﬁ'lﬂﬂﬁJﬂ\iﬂ']'ifJ'E]fJ
! ] 1 o s o = da o
ﬁﬂ'ltllﬁf)ﬁﬂﬂi”lﬁf]uu‘ﬂﬂ 20% T]'lﬂ15’]Lﬂ§1$ﬂﬁﬂl:\§1u’3°ﬂEl']ﬁ’mﬂgﬂﬁﬂﬁ‘l’]ﬁﬁﬁuﬂmﬂﬂiﬂuuﬂﬂ
5/
1 , ¥ roa @ " (]
709N31A (Scanning Electron Microscope, SEM) W‘lJ’J’ILﬁJmLﬂ&QﬂFH'EchI.uLﬁE) PBSA 9814
1 A a d¥ = | ] 1 3}::.-:'\ dy a o’:’ @
ﬂﬂluﬂﬂLﬂuLuT‘JlﬂU?ﬂu“ﬁQ“ﬁ'JUGIUﬂ'liﬂ@E’Jﬁ'ﬂ']ﬂulﬂﬂﬂﬁsllu LLammswwumuﬂimaqamm
9
a o a . Y o ' o @
WORINBTHNEANAIBNATA Gel Permeation Chromatography (GPC) naad iAuIImn
a J 1Y o ] a o w1 a J a
Tllmf}ﬂﬂlENW'EliﬂLﬂJ@ENﬁllﬁﬂf‘N‘Hﬁﬂﬁ]']ﬂifl'lﬂ'l'if'hﬂﬁ’uﬁluﬂu lﬂUﬂ'lﬁﬁutlu'ﬂW'ﬂmllﬂiNﬁlllﬂﬂ

- 4 4 -, ’
msaaeda ldavudedutlautluesflsenoy

s oA = d .
Daniel Eiras sazame [25] 1@anu1oniwavoaun Iuuaai@oun1suoiua (Caleium
{ 1 I~ a P
carbonate nanoparticles) Nilgessmanuiunanyeaned Insiay (Polypropylene) Tag
J - al Y Y A @ = = 1
ﬂﬂﬂﬂﬁgﬂ@U‘UﬁN PP/ CaCO3 nanocomposites Lﬂﬁﬂl]llﬂﬂ']ﬂﬂ’li(l‘lﬂﬂﬁﬂﬁﬂﬂiﬂLLUULﬂﬁU?W’H@Hﬂu
=Y = =1 o
%1 ® Co-rotational (Co-rotational twin-screw extruder) Tﬂﬂﬂl‘%"ﬂﬁiJ’]mLLﬂﬂL“h’EJllﬂ’l‘i‘U’E]Luﬁ 3,57
5 o a Qo a = o a
1ag 10 Wt.(%) ‘i]']ﬂ‘l—l‘”"i’l1ﬂ"l§'31ﬂ51$ﬁﬂﬂ«lﬂ'lﬂ'ﬂ’lﬂ'l“ll@\‘illﬂﬁl“ﬁﬂﬂﬂ']'iﬂ'ﬂlﬂﬂﬁ?ﬂﬂ%@ﬂﬂﬁWﬁiﬁu

a d 1 . =~
LANATOULVUADINT 1A (Scanning Electron Microscope, SEM), EN‘H‘Iﬂ’J‘IﬂJL‘]JuWﬁﬂ(%

Crystallinity, X,) YD3U0IN UAIWIAT04 Differential Scanning Calorimeter (DSC) UaY wide
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. . 4 < = a . .
angle X-ray diffraction (WAXD) #auaaslfifiuiagunginisifanin (Crystallization
{2 &
temperature, T, 83f1ANMTUNER (% Crystallinity, X)) MAVVIATU HAZYUIAYD
. = 3/ o, A W Y a ad
spherullites 1aAad 14maiia DSC wag WAXD tudugluvuuduaveswed Tnshay uay
11NN15ARTIEHAumATia DSC  Ngamgiinsfinuin Tuunaidounifueuaiinigiia

a = - o = =)
Hundsandn (Nucleation effect) lunszuiumsifananvaanod Insinay Tasannains

= = 2 & A 1 . o 5 .
NANANDIATIN U LAZINUATIAINNINIAUAIDAT (Kmetlc constant, k)

Bonnet M. [27] 18M1n1sfnu1as@uAnd1man Neuburg Siliceous Earth Gae
R . <1 A a Y a a aa LY aa =
Z 91(silifit” Z 91) iuvpawauina 1A lusIsUA AAINFANBTUFIN FANWUVYIUAEN
(Crypto-crystalline) HagAUVIIANILIINAILNITINTART (Surface treat) Taol¥nnuTou Lond-
e AM (Akiifit® AM) Aodaia Z 917 1a5umsnszdu uag ldvinsaaulasiaTnyldeziiTu
" o 1 = any ] Y a = .
liau sgndnamsnewiig ezt luvesenala AM dewwaliifan1aza1stlun (Wetting)
@ Yy d’l’ a o A 1 3 @ o 9 a a o’:i-:a‘g a
A5n72010R2 187 Tflonedwes 89 luadniudeildwusewede luandtumsiznsiia
a a 4 = o
wusezlalasou vinmsanuilasnsldauvnunalad 2 aflauazTaane Inludiiy
v a a a I~ a A o 1 1 N ] 4 a a :
A5AuAN A siausnitluridah lsnuediaumsnais Tasliainisnsgaonile Auvsiiah
] y @ wa a a -4 = ar L
2 liedSuilgeanialdude nuussnanazudaus i Taalvevuai)nasu(Grain spectrum)
Y @ £Y

P S 1 =2 oy A v o oa o &gy Yo
NAAWNY Neuburg Siliceous Earth UANNITHAFNUINUNANI ﬁ']‘iﬂ'ﬁlmwﬂﬂﬁnﬂﬂl‘h’qﬂﬂ'lﬂﬁ

ytafa Taoldos i Tu lamusndudana Z o1

Yeam iddanna tazaae 26 J&inisAnyimseseuwara@niidesaaisldmg
A0 NFUA MU (Novel Biodegradable plastics) MNWoaUINAUFAFIUA (Polybutylene
succinate, PBS) wauntlaiudenddauilssiansoa (Pregelatinized starch, PGS) Taoniu
AN INAYDIBATIAIUNEUTEN I PGS/PBS (50/50, 60/40, 70/ 30, 80/20) LIAZHAYDINTIAL
A3FWH (Compatibilizer) fiRdoauiAu0sTag hinmanaasslasnisnaunodmeidiy
InF095ATANLLINAUINUBUE (Twin-screw extruder) uasﬁu;ﬂﬁaadnﬁwﬂsw'Jum'jﬁﬂﬂ'ﬁyu
51 (Injection molding) inmfuﬁwmiﬁﬂymuﬁ'ﬁmmwﬁﬁ@ Taun auiAiFana @wu anw
U799 (Tensile strength), 11/o31FUANITEA B AR (% Elongation at break), uoAA
(Modulus), AUUTINA (Hardness) 484 FuANIINIGNIN 13U sﬂaﬂcﬁ‘fumiﬂm‘fm AW
nuiy 904 auanisnnuiou iwu gangindsuraiuzadionds (r)  quugi
VaeUIMAINAN (T,) uazosnANuUiluNan (% Crystallinity, X)) 41019504 Differential
Scanning Calorimeter (DSC) 401¢ Dynamic Mechanical Thermal Analyzer (DMTA) HAZANEN

o a da o ! . .
ﬁmgﬂé’Jﬂtl’lﬁ?tlﬂgNi]ﬂ‘ﬂ‘i‘iﬁumﬂﬂﬂ‘iﬂmmuﬁﬂﬁﬂﬁ’lﬂ (Scanning Electron Microscope,
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1 = o a o a 3 o @ 1
SEM) nudSunundmesoar Idnwofmes nauiuiiu anuuiwseds uazueqdaanad us
0o q s d o R | o A & a ¢ =
'Vl'lclﬂlﬂf]ﬂ“ﬁuﬂﬂ'lSHWLWN"UULNGﬂﬁﬁ’]ﬁjuNﬁu‘“ﬂﬂl'ﬂﬁﬂﬂuﬂﬂWﬂJN’]ﬂ‘Uu WORALWBDIHANITY

wa a = = =Y = ¥ Y =2
ANUALTING, QUUYUHADUHAINAN (Tm), Qﬂlﬁ{l'ﬂlﬂﬁﬂﬂﬁﬂTﬂ:ﬁﬂﬁTUlLﬂ? (Tg) agnsgane

D.

P - /3 o 3 & = -
senNeignmnana lasiulesisuansgaiuazesmanuilunin (X)) Saunuiu luvazi
=) | 1 wa a d o d ;v & T a o aq ¥
silavoaili TaosmeziinausauifaFinauasnlosidudmagai Fanuhmwedwesnauinld
= Va4 T { a ‘
uile'leTas Inin (Hydrophobic starch, HBS) ldmnand1 daluauddefinsduassonay

=1 1 e a o { 1w
vl‘JJLWHNﬁGIE)ﬁiJ‘Uﬂ‘UﬂQ‘WQﬁm?JEW?ﬁdﬁuucﬁﬂ

(¥ =Y 3 o =2 = o ) o o a
AUAVHN AIATIHY tazanz [7] 1aimsAnyimavesriautlaiudilendedaulsn
HaoautAveanadanIInnNgesaa1vla (Biodegradable bioplastics) NATuNINNOAL M-
AUGATIUA (Poly(Butylenes Succinate), PBS) warnutladudlevdedauls (Modified Tapioca
a o c!yq; 1 1 [ Y aa :J w
Starch) luauAdeiisnsrdauves PBS aoutlinauilsgnaruguidaeii 60:40 Tavtimin
uifadauals 7 yiiandny laun utlelalas I dnsiaanuruduiunals (EBs-M), uila
Y = ] 4 o
lalas IWdinwsiiannunuindugs (HBS-H), utludonTlos (15-X), uilueamad (Ess), uile
d a A = o = o ey & o
mmeTriayouTog (BSS-X), uiladmes (ETS) uazuiladimasyiladon Toa (ETS-X) s
¥ 4 woa = i : &
NA00I lAUHTNYAIAIYATBIOATAUDUINAYINUBUS (Twin-screw  extruder) 1A YU
s 1 3 L= t:"lwI , . - 5 o =2 wa 1 [ Y 4
7108197980158 ATUFY (Injection  molding) 1AUURINITANEIANTAR 19 VoI T Tdun
AuUAMS 118 (Melt Flow Index, MFI) aufaiiena eutianisnnuiounazdnyidugiuine
e a d o o 2 3’ b = wa '
andanimomn lasnisianlesigudnisgaduiii (% Water absorption) 52u03duANTG0Y
a0y (Degradability) A203519naY (Burial test) 1InnIsnaaoanuuilelautleild pes il
auifdnis na auiAizena gamgimsnlasuaauzadiouda (T) quugiviaoumainan
— = ¢ o o -~ 3 E
(% Crystallinity, X,) aA04 meilmwummﬁﬂﬂwm (% Water absorption) LLAZAIINAINITH
1 ,5 [~ = = 1 = o
Tumsdosaarouiniu Taveynmaveuiiautlaiinisnszoedlu PBS wudwiavewilda
=1 o YN Yo o wa A 1 1 a 1 = : g
udstimain 1 1aTaquaniiautifmana liuand1enu uadinsgadmimazanusalums

1 1 o = :’ =1 T g4 A
Rl GREERNE 'IﬂU PBS/ETS lfﬂ'ﬂlfﬁ']ll']'iﬂiuﬂ’]iﬂﬂﬁuu?u'}ﬂﬂf‘IﬂuﬁgU@Elﬁﬁ'wllﬁﬁ')ﬂtﬁ;ﬂ

AN AdIBMYS nazae [28] A ildudesaaisldniadinininion1den
Polybutylene succinate (PBS) waruuiladaulsioamas EMS) uflaniwa (pGs) wazudla
loTas1Win @BS) Taviinfisoseallunarad lawes wazuia1dnuouleasiodnsv
woRT AR udnFun (MA-gPBS) 1Tumstionay TaoMinsHaudloinies Twin-screw
extruder Lmzs‘ﬁ’ugﬂﬂﬁuﬁmmwmmﬁrﬂ1 (Blow film extrusion) Taswuudlsfimngaudy
mS?Tugﬂ?‘lﬁmmmﬂﬁﬂuﬁqmﬁmafLtazttﬂﬂaiﬂﬂﬂﬁn Wu118A31eIY PBS/Starch

T Y [ 1
MuzauAe 70/30 uazlSuamanad lywes iz auie 40% (Tasrhmiinveautly) ey
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a = o 9/ a o a -; I~ = ar o =1 =
Ysmandwesoamlinefne s Tuuu ANuLT IR YoAAAYDITY LAzIMA NN UKAN
1 o o o A A J 2 A = [ 1 LY wa a
anae daunlesidudniste o yavnamudu Wemulsautlsdaudsdanaliauidganag
v
anae Ms 1Fa1s3Ienay MA-g-PBS U5u1ar 1% Taeiimiin PBS 1ao1lSulljadugiuinei
o w = ¥ ) : 1 P 1 e o
Tiautlsdiany PBS Aunsgaduiianas ud lidwaseauianisnnuieuuimin 1n
1 =Y Y 1 s (]
msfinvimsdosaaesluaulasmsianauny Wauyngasawsodesanis ldnuaniolu 3

=Y
DU

ar s = T [~ o
DR INT Saunal [11] Anvwaradngssaails 19910 Taana (Ecoflex”™) wanuile
[ o = ) ar o

fau)siommos (EMS) uazuilansaa (PGS) dmsuaumnuninisy Tasiiwile EMS tazudls
PGS MHANAUNAaANtDeaa18 14 Ao Ecoflex” 1AUNANENI1AIUIZ1I9 Ecoflex” tiazuile

o :’ w 9 a = o A = =]
AA5Y 80:20, 70:30, taz 60:40 (Taeniwmiin) uazldUsuanwarad lawos Ao nasosoalu

= L4 o 1 3 g ad 1 A d H

50% voa1/5unautlsanise shmsahaugdduidn wuawaun 18innumunlsguim 50-80
Tunseu uazdior lnageuanifiFing Ecoflex /PGS dxiaulifiFanadnin Ecoflex /EMS

[ = [~ T [
Taugas Ecoflex /PGS gA5 80:20 NA1AMMUAMT IR, AUUTISIRNYIA LazAINDRTE
A P=1 ') A wa 9 T = @ 1 =] =2
qegalledsunugasou autanisnwdeu lunldsumlasnnin vazaesmanudunin

Ey
(Degree of crystallinity) U3 Ecoflex” anad aaumnsauiiu lei (Water permeability, WVP)
a ¥ 1 1 ] a A 4 o

MUATUDE1MIN UATAINITFUNIUDONFIOU (Oxygen permeability, OP) RuAUIANTDY

® = = 1 l:;u' 1 d‘{ Y o Yt a 4 " a
Ecoflex"/PGS 1AM 1uruia1ng iosninamisonaundinu 14a uaziisosaaiznineiy-

v
Matiasndn uazEcoflex /PGS gadi Iz dasaais 1aana1 Ecoflex /EMS
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3.1.1 wa1afn PBS (PBS 1n3A AZ91TN; BC Polymers Marketing Co., Ltd.) AVVAL

15215909 PBS A 150LaA9 1099015197 3.1

A5 3.1 au1UA1191)5En5U949 PBS

Auiia PBS N0 AZ91TN

AMUUUIUY (g/em’) 1.26
qmwgﬁaﬂéuuﬁmusﬂé’wuﬁa (Glass transition temperature, T,) (°C) -32

AN ADNIN A (Melting point, T, ) (°C) 114-115
AR5 B PAVA (Stress at break) (MPa) 37
N5AITA B 9AVIA (Strain at break) (%) 300

A1 ﬂﬂﬁﬁ TAs90 (Flexural modulus) (MPa) 530

AN NUUTIUTINTZLNN (Izod impact strength) (kJ/m’) 8.2
ATTVINT Wa (Melt flow rate, MFR) 4

(190 °C, 2.16 kg) (g/10 min)

WIUA T03AMNUTEN

3.1.2 uilalelasIvin wia ldsevsiidautlsthunais (Hydrophobic tapioca starch

medium density; Siam Modified Starch Co.Ltd.)

[ v 1
19197 3.2 quiifunalseasveaudlsleTas Tdn wiia liseuiiiaaulsihunats fldluns

Nnaaoy
| Y o é{ 1
FONWAITAN ANHME ANUYU A1 pH
SL111014 White powder 13.00% 4.5-6.5

HWEeme To3A0INUTHN
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3.1.3 NA030a (Glycerol: INTANITA; Lab system Co.,Ltd.)

M3199 3.3 auiau1a)semsvesndwosoa

AMUNUILLIU (g/em”) | gatdoa (°C)

Anasumal ('C)

AMUNIAN 20°C (mPs)

1.26 290

18

1400

8/ ~ ar
HUNGLHE UDYDVINTITHN

3.1.4 @19AUAN  Calcined Neuburg Siliceous Earth (1N Aktiﬁt®AM; Hoffmann

Mineral)

A15197 3.4 au1iA1191/52N15U04 Calcined Neuburg Siliceous Earth 114 1un15naans

AuuA AKFT
ANUHUMUY (g/em’) 2.6
Basic material silfit” Z 91

Surface modification

Amino silane

Electrical conductivity (uS/cm) 60
Hardness: silica/calcined kaolinite 7/4.5
Water solubility (%) insoluble
Acid solubility (%) 0.25
pH value 9
Chemical analysis:

Si0, (%) 86
Al O, (%) 12
Fe,0, (%) <1

HANELNE T 0yanIN1UTHN

v a o . .
3.1.5 @150 AANLAATENATUBIUA (tn5@ Coat;Chemmin Corporation Ltd. )

a wa = 3 Aq o
191890 3.5 fﬁJ‘Uﬂ1J']~31J5$ﬂ']5‘1.!i’NLL’F]ﬂL“]J’Ul]ﬂ'I‘S“Uf’JLUGWﬂ‘BElHﬂ'lﬂ’]ﬂﬁE]\‘I

EOI CaCo,
AMUAUIUY (g/em’) 0.83-0.87
Chemical analysis:
CaCO,(%) 98.5%
Si0, (%) 0.03%
ALO, (%) 0.03%
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AUUA CaCO,
Fe,0, (%) 0.06%
MgO (%) 0.28%
Hardness 3
Moisture (%) 0.2

MUY FOYANINYTEN

3.1.6 @1391AN Calcined Kaolin Clay (KaMin'" 70C; Connell Bros)

M13197 3.6 ANUAV19152N15909 Caleined Kaolin Clay 1 1% 1umsnaaes

GEOI CLAY
AMUHUIUY (g/em) 2.6
ANy White powder
Particle size (micron) 3.2
Water Absorption Insoluble
pH 6

MuEMg ToyavINUTHN

3.1.7 @15A A Y Nano-precipitated calcium carbonate (1n3@ NPCC-101; NanoMaterials

Technology)

{ e " {q
151491 3.7 au1TAD191)52A15909 Nano-precipitated calcium carbonate N 14 1un1snanns

AU NPCC
ANMUNUUUY (g/em) 2.5-2.6
ANYUY White powder
Moisture content (%) <0.5
CaCoO, (%) >97
pH 8.0-9.5

MUIYE FOYANNUTEN

3.1.8 Phenolic antioxidant (Anox%O:Lﬂﬁﬂ%Lﬂﬂ?&ﬁ; Great Lakes Chemical Co.,Ltd.)

3.1.9 Phosphite antioxidant (Anox®240:miﬂf§l,ﬂ‘i '1::1; ; Great Lakes Chemical Co.,Ltd.)




d' =) = e o a s
f131497 3.8 GI"I‘S"Nl'ﬂ‘iEJ‘]Jmﬂ“]JﬁiJUﬂ‘U'Nﬂixﬂ'li‘Uﬂﬂﬁ']ﬁﬂ’Jmﬂ‘lflal‘]fcluﬂ'l'i“lflﬂﬁﬂﬁ
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auia AKFT CaCo, CLAY NPCC
Physical form White fine White fine White fine White fine
powder powder powder powder
Density (g/cm’) 2.6 0.83-0.87 2.6 2.5-2.6
pH 9 6 8.0-9.5
Particle size 0 2 3.2 0.015-0.04
(micron) n 10
Water Absorption Insoluble Insoluble Insoluble Insoluble
Chemical Analysis | SiO, (%) 86 | CaCO,(%) 8.5 | SiO,(%): CaCO,(%) >97
ALO, (%) 12 | SiO,(%)  0.03 | Crystalline MgO (%) <0.5
Fe,0, (%) <1 | ALO,(%) 0.03 | <0.10
Fe,0, (%) 0.06
MgO (%) 0.8

1 ‘, L
3.2 insesilenazginsaiillumsnaans

aw o A v
3.2.1 UTNUNIATDINAD

a L4
3.2.2 A0S (Desiceators)

¥ ' ¥
3.2.3 1A503% I M N¥IAAZIBYA (Sartorius 31 AC201S)

3.2.4 é}'é)'ll (WTC binder S: 1 7200 Tuttlingen/Germany)

3.2.5 Lﬂ?ﬂﬁﬂﬁhﬂ??ﬂl%‘ﬁq& (High Speed Mixer; Labtech Engineering Company Ltd.)

3.2.6 1N5046ATAUUVINAYINUOUE (Twin-Screw Extruder; Brabender §1 PL2100)

3.2.7 AFesuAbianaadn (Grinder;Bosco Engineering E:‘LI Bosco A600)

' & g 1
2.2.8 m?ﬂmﬂ‘uugﬂ (Plastic Injection Molding Machine; Cosmo 34 TTI-220/80 HITECH)

3.2.9 InT0INAH EliJﬂ'J‘IlJLL%&LL'i 34NA (Durometer hardness tester:Shore D; Teclock ’a;'u GS-720N)

3.2.10 InS0aNATRUOUAYTL IR (Universal Testing Machine:UTM; Lloyd Instruments ';'u LR

5K)

3.2.11 1A503AA%INT IMa (Melt Flow Index:MFTI; Ceast ;:u Torino-italy)
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3.2.12 Lﬂ?ﬂﬂ neaa 'EJ‘]JWN‘FI'JHJ%N DSC (Differential Scanning Calorimeter; Perkinelmer
Instrument)
3.2.13 NADIYANTIANIBIANATOULLLABINGIA (Scanning Electron Microscope:SEM; EVO 1

EVO®MA10)

=Y |
3.3 I5MINAA0Y
= a d
3.3.1 MINTLUNOANDIHEN
¥
1aiwmilelaTas TWdn wila ldseiiwauilsiiunals  waradin PBS uazansdudu
a i = = o <] o
BiIAn19e ouNgUNYil 70 °Ciilunal 24 ¥ Tua
o o/ c; o cil Y a =
2. MM sHauamgas fan1319@ 3.9 Tasthudlsiouudwwaudunimesen uay
o a p S e
ouADeNFUAUNUTZUIU 0.05 Wosiiuduad PBS uazuile
o = Y VY w Y A d .
3ahuthiinauawgasuds winan Ifidiudemiowaun115 g9 (High Speed
Vv v '
. Y ° 1 = < s
Mixer) m1nuntin lalugeudana 13ilunae 24 #1Tuq
i a J : v A o A = " %
4 Jdwodesnwaunaaslun5eedas auuuiniearueus (Twin-Screw Extruder)

ANILAINIANUIN N1

a Aq
M1319% 3.9 gaanaunlylumnaned

310074 BNIIAIY YSuasaauam NEFRLMGIETER!
PBS/MLINHBS-M (php) W Taoiminutle)
(w/w)
PBS Pure 2 = =
PBS/HBS-M 60/40 7 7 = 30
PBS/HBS-M/AKFT 60/40 10, 20, 30, 40 30
PBS/HBS-M/CaCO, 60/40 10, 20, 30, 40 30
PBS/HBS-M/Clay 60/40 10, 20, 30, 40 30
PBS/HBS-M/NPCC 60/40 5,10, 15,20 30
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3.3.2 m3vugiiun

Lihmedwes irumswanuda Tluadesdaoniesuaiianarain (Grinde) mntuitly
oufigangi 70 °C (e 24 42 Tue

2 ihwedwesiumadaudaldasludiutleuais (Hopper maaxﬂ?aqﬁﬂﬁu;ﬂ(lnjection
Molding Machine) uf’{'sﬁmmﬁ’uqmwgﬁuazﬂ';mﬁ'umummmmxﬁmﬁﬂ“lﬁ"lﬁ%mmuﬁ

auysel da3U7 3.1 Tavldanzfenianuani n2 uaz a3
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3.3.3.4 MINATOUM3GATNIN (Water absorption)
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) o ¢ s | s d o &
aegUyndlat Tasdnanulesidudanuiunngas
M, (%) = (W - W,J/W, x 100 (3.5)
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M54 n1 a1z 19 lun15Wey Twin-Screw Extruder

93

Temperature (°C)

AR Screw speed (min")
gt ™ 3" 4"
PBS/HBS-M 155 145 140 | 135
PBS/HBS-M/AKFT 155 145 140 | 135
PBS/HBS-M/CaCO, 155 145 140 | 135
PBS/HBS-M/CLAY 155 145 140 | 135
PBS/HBS-M/NPCC 155 145 140 | 135
maaii n2 ﬁm’wm%’iumﬁ‘fugﬂ Injection Moulding
Temperature ‘o)
115629814
1" INJ 2" INJ 3" INJ
PBS Pure 130 125 120
PBS/HBS-M 130 125 120
PBS/HBS-M/AKFT 130 125 120
PBS/HBS-M/CaCO, 130 125 120
PBS/HBS-M/CLAY 130 125 120
PBS/HBS-M/NPCC 130 125 120




= @ ' . . & o ghay = o
M990 N3 ANUAUUDINUIY Injection wﬂﬁmu"lﬂ“ummwﬂuyjm
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Pressure (Bar)

15620019
1" INT 2™ INJ 3 INJ

PBS Pure 40 40 40
PBS/HBS-M 45 45 45
PBS/HBS-M/AKFT 45 45 45
PBS/HBS-M/CaCO, 45 45 45
PBS/HBS-M/CLAY 50 50 50
PBS/HBS-M/NPCC 40 40 40
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NANUIN U

I3MIMMINN V1 Differential Scanning Calorimetry (DSC)
Ao Nuiunan (%Crystallinity, X)) 91naun15H 3.4

%Crystallinity (X.) = __AH,x 100 (3.4)

Awne, %pBs luiaq
A a4 o Y =2
e AH, Ao wasnuanuioulunisnasuwiin
e Cﬂlﬂ é o 1
A 1e, e wdanwanudeulumswasuninues PBS fitlanuidlundn 100 % Faile

" a

N 114 J/g [26]

3/
S o 1

aAteil Sasrdauves pBS doutluiudrendadautsgnasunuliadii 60:40
Tanimin dredrusy QAT MIA AN AKFT 30 php
msvesraundaas 1 ATandy
sufu  esfipBs 9YIIMIN 600 AT
HBS 0g111474 400 N5
AIA AN AKTF 30 php 0831142 30/100 x 600 = 180 NTU
nAiresea 30% Tasthmiinudl 8td119u  30/100 x 400 = 120 NFU
sauRamua Wi 1300 A3
nnTd a1 i AR, iy 32.7 /g
wnusluaunsi 3.4

92 18R %Crystallinity (X,) = __32.7x 100 =62.1%

114 x 600/1300



DSC Thermogram

NN V1 PBS/HBS/AKFT 30

956

DSC /(mWi/mg) CGomplex Peak granr:wm:‘;c;'jl
1 exo Area. 034 Jg " 9 [1 2] Sample 1 433
. . Peak* 11107C el ol
Peak™ 758 7 0 DSC
Onset 727 7C (EJnsct wag?(é [14] Samghe 1 a3
End B197C nd 115 —— bsc
1z
+
-
14
0.0 Peak: 104.2 7C, 0.7131 mWimg s
-0.5 4
Complex Peak
Area -3495Jig
Peak® 706 ?C
Onset 644 7C
-1.0 End 763°9C
40 60 80 100 120 140
Temperature /7C
Main 20130306 2050  User sem Sample 1.0gb
Instrument : NETZSCHDSC 204 1 File: © DS _ 00 14803
Project : bemp 25¢-150¢_h10_c10_1 Raforence : crucible. 0. 000 mg Segments : 4
Identity : DS56_0036_01 Material * Crucitle : Pan Al_piarced d
Dateftime : 27252013 11 3822 PM Corr /tomp.cal 25-150C_h10_c10_1.6d] / Cakbrate Jan2012 1d3 Almosphere : N2 20 Ombimin / N2, 50.0mi/mn
Laboratory :  sisc Sens.file - Calibrate Jan2012 ad3 M. range - 5000 7V
Operator : ray Sample carJTC . DSC 204F1 t-sensor / E
Sample : crucible, 12 80O mg Mode/typs of meas.: DSC/ Sampla + Comaction
(] Type Range Acq.Rate sTC Pl PLN2 PG N2 [+ BC Caorr.
(7 2] Dynamic 2510 O(R/MO)IE0 100 00 1 L] 200 500 t 0 020
11 4] Dynamic 150110 O(K/min Y25 100 00 1 oo 200 500 1 J 020
Al
MNN V2 PBS/HBS/CaCO, 30
Compiax Poak
DSC /(mW/img) e e P Area 3754 Jig
4 exo <o Al Peok* 111 17C 1 2] Sample 2 dd3
:}"‘“ 7.} 01?"6"“ Onset 104 6 7C DSG
ookt 1 a8
1.0 4 Onset 73.9 3C End 1159 7C [1 4] Sample 2 dd3
End B4 67C
0.5 — T
" - =
/ sl I
0.0 / Peak: 1053 7C, 07572 mW/mg 114
-0.5 A
Complex Peak
Area 38 55 Jig
-1.0 4 Peak® 680 7C
Onset 623 7C
End: 7397C
40 60 80 100 120 140
Temperature /?7C
Main 2013-03-07 0007 User sem Sample 2 ngt
Instrument : NETZSCHDSC 204F1 File: C S _ X 2.0d3
Project : temp 26¢-160¢_h10_c10_1 Reforence crucbie 0 000 mg Segments : 4
Identity . 0556_0036_02 Matecial : Crucibie : Pan Al pisrced lid
Dateftime : 2262013 12 58 12 AM Corr.Ramp.cal : 25-150C_h10_c10_1 ba3 / Calibrate Jan2012 103 Atmosphare : N2, 20 Ombmin / N2. 50 Ombmin
Laboratory . wisc Sons file . Calibrate Jan2012 ed3 M. range - 5000 7V
Operator . ray Sampie car/TC : DSC 204F 1 tsensor / E
Sample : crucible, 13.200 mg of maas.: DSC/ Sampla + Comection
Type Range Acq Rate sTC Pl P2:NZ PGNZ ic BC Corr
11 2) Dynamic 2510 O(Ksmun V150 100 00 1 oo 200 500 1 0 020
11 4] Dynamic 15010 O(K/miny25 100 00 1 o0 200 500 1 1 020



MWN U3 PBS/HBS/CLAY 30

Cemplex Peak
Dsc f{m\i\ﬁmg) Area 3051 Jig
FeRe Complex Peak Paaic: 111.7 70 11.2] Sampio 3 443
1.0 Area 0718 Jig S?d’ﬂ :?gg:g |n|‘S¢me-'oJo.t.n.
Peak* 77 7 7C d et fvalivisolicoilie P ¥,
Onset 74 57C
End 8357C
A B
0.5 - — y A g
-
Peak: 100.1 7C, 0.596 mW/mg ii i
0.0
-0.5
Complex Peak:
Area  -34 Jig
Peak™ 67 17C
Onset: 60 0 ?C
1.0 End 733°7°C
40 80 80 120 140
Temperature /7C
Main  2013-03-07 0010 User sem Sampla 3 ngh
Instrument :  NETZSCH DSC 204 F1 File: C 56 _00: 3cd3
Project © lemp 25¢-150c_h10_c10_t Raferance crucible 0.000 mg Segments © 4
Identity : DS56_0036_01 Matorial Crucibie Pan Al plerced hd
Dateitime :  2/26/2013 5 0109 PM Corr.ftemp.cal 25-150C_h10_c10_1.503 / Calitrate Jan2012 193 re:  N2. 20.0mimin | N2. 50 Ombmin
Laboratory :  sisc Sans file : Cahbrate Jan2012 edd M. range : 5000 W
Operator:  ray Sample car /TG DSC 204F1 -sensor | E
Sampla - erucible. 13 200 mg Modaftype of meas. . DSC / Sampla « Corraction
[# Typa Range Acq Rate sTC P1- P2:NZ PGNZ BC Corr
11 2) Oynarmc 25110 QKN V150 10000 1 L] o0 500 o o020
[1 4) Dynanuc 150/10.00</rminy28 100,60 1 0n 200 500 1 020
ﬁ!l
HINN U4 PBS/HBS/NPCC 15
DSC /{(mW/mg) Complex P;:k gomplu; f:lJc’ak
Area 06469 Jig rea. 9
+ Peak’ 758 7C Peak*: 1110 7C Sl dn
1.0 1 Onset 729 7C Onset. 104 3 7C 1.4] Sample 4 ded
End B267C End; 1174 7C A Feg 458 pec
na
05 ;
Peak: 100.3 ?C, 0.5704 mW/mg 14
0.0
S +
-0.5 1
Complex Peak
104 Area. -3941Jig
e Peak*. 66.9 7C
Onset. 606 7C
End 7237C
y v r r +
40 80 100 120 140
Temperature /?C
Man 20130307 0016 User som Sample 4 ngb
Instrument : NETZSCHDSC204F1 File: C DS_56\02'DS56_00: 4.0d3
Project : temp 25¢-150¢_h10_c10_1 Reference : crucible 0.000 mg Segments : 4
Identity : DS56_0036_04 Material : Crucible : Pan Al pierced i
Dateltime :  2/26/2013 84348 PM Cotrtemp.cal : 25-150C_h10_c10_1.bd3 / Cakbrate Jan2012.(d3 Atmosphere : N2, 20 Ombmin / N2, 50 Ombmin
Laboratory ;| sisc Sens file : Calibrate Jan2012 ed3 M. range : 5000 vV
Operator : ray Sample carJTC : DSC 204F 1 t-sensor | E
Sample : crucible, 10 000 mg Modeltype of meas. : DSC/ Sample + Commection
(#] Type Range Acq Rate STC Pl P2N2 PG:NZ Ic BC Corr.
[1.2] Dynamic 2510 00UMINY150 100 00 1 00 200 500 1 020
{1 4] Dynamic 150/10.0(K/miny25 100 00 1 00 200 500 1 1 020
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MANHIN A

ac o c;. o ¥
ABMIANTHIUN A1 MUIUAUNU

o 1 o o
AI9819MIMUINTINUBINITADNLIAES

PBS | Alansunldlumsnonihadgmsiusin 200 UIN
.y 200%0.6
PBS 0.6 AlansunlFlumsnouiidarsidlusia — STREY
3|
Wusim 120 UIN
HBS | AlansunlFlumsnentnaarsidusim 25 N
o D 25%0.4
HBS 04  nlansun i lumsaontaarsislusim : 1N
3
Wusm 10 YN
nawresea 1 nlansuldlumsnontiaaisiiusia 45 STRL)
=t e a9m P - 45 x0.12
nayesoa 0.12 nlansuldlunsaauthagaisilusia o STREY
[~
111590 54~6 1IN
msfuAnild Ao AKFT (Aktifit”AM) 1 U115 10w 10 php
AKFT NI Alansuildlumsnsvtnaaisidlusim 65 STRLY
Ve 65 x 0.06
AKFT 006  Alansufldlunsnontdndmsdusm e YN
[~
BITERER 39~4 STRLY

y 0 { 1 L-v3 L] = -
AU Aktifit"AM ¥ 10 php 51170 120 + 10 + 6 + 4 — 140 1Mde 1.18 Alansy
= lﬂ' { & - o (-] =y
inveswoamainaui 4 lumsnou s il Tansu lavldasdusy
woawesHan Li18Alansy  Wusw 140 umn

¥
ar o

Wy welwesway  1.00ATansy Wusmr 118.6~ 119 vn





