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ABSTRACT

This research was studied the effect of ¥-Carrageenan on the properties of
LDPE/LLDPE/Thermoplastic starch film. There were three parts. The first part was studied the
effect and appropriate amount of K-Carrageenan for enhancing the polymer blend into film
perfectly, by mixing the polymer blend with twin-screw extruder and then formed film by blown-
film process. The mechanicai properties were tested.- The results were revealed that appropriate
amount of K-Carrageenan added into polymer blend for well-formed blown film was 7 phr
which dominate the highest tensile strength and percentage of elongation at break of 7.71 MPa
and 238 , respectively when compared with polymer blend formula when added K-
Carrageenan 3, 5 and 9 phr. The mechanical properties were corresponded to percentage of
crystallinity. When morphology was studied , it was shown that was K-Carrageenan incompatible
with LDPE/LLDPE/ Thermoplastic starch but K-Camageenan could be distributed into
LDPE/LLDPE/Thermoplastic starch. The second part was improved the optimum formula of first
part of K-Carrageenan in polymer blend by varied amount of glycerol for enhancing the polymer

blend. It was found that the glycerol was supported to processability of K-Carrageenan with



twin-screw extruder and could be easily pelletized with cutting machine. The optimal amount of
glycerol was 30% of K-Carrageenan because the mechanical properties was dominated. Finally,
the third part , the optimum formula for the second part was improved to degradability by using
accelerating P-life with operating temperature of 70 °C and UV light. The results was revealed
that the mechanical properties were decreased as the amount of P-life was increased. The
optimum amount of P-life was 3 phr. In addition , carbonyl index was ir_mreased and supported
the degradability evidence of polyl.ner blend between LDPE/LLDPE/Thermoplastic starch/K-
Carrageenan. This confirmed that the accelerating P-life could be accelerated degradation by

thermal and UV light.
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2.2.3 uilasfudlenda (Cassava starch)
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antia utliinlna il afudnlenda
VHIA (pm) 3-26 4-135
méﬂ 15 20
it (Yowrw) 0.60 0.10
Ts@u (%w/w) 0.35 0.10
ovlulaa (%) 28 17
Degree of polymerisation
oz lulag 800 3000
o laulamn@y x 10° 2 2
Pesting temp (°C) 75-80 65-170
Peak viscosity 600 1000
Swelling power ﬁ 95°C 24 71
Paste viscosity unang (o0
Paste and film clarity IR ot
Retrogradration rate 9 G‘h
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31 2.7 TaseardelovenimisrBuun [13]
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2.4 WoRINDI WA (Polymer Blend) [15]
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= d . R

2.5 wenteNaun N uadnueulens1e (Polyethylene grafted maleic anhydride,
PE-g-MA) [16]
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A J
2.6 WAaR w1503 (Plasticizer) [19,20]
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2.7 WoRPNAY (Polyethylene ,PE) [22,23,24]
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3.1 msaanlelundde

1. woRlNauriaaNuMUILUUA1 (LDPE) nsadasadmsunhidy (LD1905F) 910
155N SCG Chemical $160 (U¥19H) FUTARNIZVDINDAONAUAIUNUIUUUA

UTAIAIAITIN 3.1

15197 3.1 audFvemedefausdannunuuuudin g luauisy [46]

Properties Test Method LD190SF Unit

Resin Properties

Melt Flow Rate ASTM D 1238 @ 190°C,2.16 kg 5.00 g/10 min
Density ASTM D 1505 0.919 glem’
Melting Point ASTM D 2117 110 °C
Vicat Softening Point ASTM D 1525 92 C
Brittleness Temperature ASTM D 746 <-170 °C

Film Properties

Tensile Strength at Yield ASTM D 882 MD: -*, TD:100* kg/cm2

Tensile Strength at Break ASTM D 882 MD:200*, TD:150* kg/cm2

Tensile Modulus, 2% )
ASTM D 882 MD:1700*, TD:1900* kg/cm

Secant

Elongation at Break ASTM D 882 MD:400*, TD:700* %

HuEve (*) Properties obtained from film produced on a pilot line at TPE, 38 micron, BUR 2:1,
MD = Machine Direction, TD = Transverse Direction

FoyannusEngndn



2. wedlNAUYIaA NUMILUUAUTUFY (LLDPE) 21005E ExxonMobil

audAmmzvemeflnausiannumnuinuduaduuaa s nis 19 3.2

M5197 3.2 auaveswedenaurian Ny us T aduildluausss [47]
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Properties Test Method LLDPE Unit
Resin Properties
Melt Flow Rate ASTM D 1238 @ 190°C,2.16 kg 1 g/10 min
Density ASTM D 1505 0.923 glem’
Melting Point ASTM D 2117 119 C
Film Properties
Tensile Strength at
ASTM D 882 MD: 9, TD:8.5 MPa
Yield
Tensile Strength at
ASTM D 882 MD:46.1, TD:32.1 MPa
Break
Tensile Modulus, 2%
ASTM D 882 MD:175, TD:181.6 MPa
Secant
Elongation at Break ASTM D 882 MD:470, TD:550 %
wnenvs) feyasinusinguin

3. uthiddendguamgs tnsamsdronuTiv adediamn

Tavgutiavewtlsfudlevduandnisief 3.3

15191 3.3 auiiAueudlatuditends

Properties Units Cassava starch
Particle size pm 20
Moisture Content % 12-15
Purity % 90

wemg  Jeyaninud

o

HN

Y o
HHBA
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[

4. umhhasRuuuguA WA 115ABIM3(food grade) 11nUSEM 1ov 18 Mares $18a
TasauiiavewnlthnsRuuunandnisef 3.4

M13197 3.4 auiRveany1n13 Ry [48]

Properties Units Kappa Carrageenan
Particle size pm Less than 250
pH (1% solution) - 7-10
Loss on Drying - Not more than 14%

Y

vinemg  JeyaninuSndudn

5. 3YWHTY (Fusabond®E MB 226DY), based on LDPE (ASANISA19INLSEN Dow

chemical $1A% TAEaUTAVDIAITFIEHAULAAIFINIT 1T 3.5

NN 3.5 quiAvUeIEITIIHAN [49]

Properties Test Method Units MB226DY
Melt flow rate ASTM DI1238 | g/10 min 1.5
Density ASTM D1505 g/em’ 0.93
Melting point ASTM D3418 c 122

a o

Mg ToyannuSEnnan

6. NAIYDTOA INTANITA1 9INUSEN Thai Pure Science Ltd. Iagauiiaveiniisesoauaas
. 2
A4 915149 3.6

A15197 3.6 auiAueIndesen [20]

Properties Units Glycerol
Specific Gravity - 1.26
Boiling Point °C 290
Melting Point | "C 19
Viscosity mps 1400
Molecular Weight g/mole 92.09

LY

nueme JoyaninuSEndnaa



7. s IMseNAnINwaITARY UG (P-life Degradable Plastic Masterbatch Type:

NA207- 66PL-10) 910UTHN BehnMeyer Chemical $1a 1agautiavosasisanis

@ouanmwaraandudu@ lafl) uaaadan1sai 3.7

1597 3.7 AUUATDIEISITIMTIHONANTWWAIEAR [50]

P-Life Additive (Catalyst Type) SMC 2360
Metal Salt of Fatty Acid 50-70%
Rare Earth Compounds 10-20%
Lubricant 10-20%
Melting Point 80-95° C

P-Life Additive (Master Batch Type)

NA207-66PL-10

P-life Dosage SMC 2360
[ LDPE(MI=8),Carrie Resin ]

10%

vieug ToyaninuSyndnia
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¥ =Y a w =1 LY o (v a :’ o/ =Y [
8. 11Uy nuSTne i Ineasddasdu $1fa Tasautave siitums AuLaafs

<
13190 3.8

v ¥
919N 3.8 audAvesituwis iy [51]

Properties Units Paraffin Oil
Specific Gravity - 0.88
Density ‘ g/cm3 0.86
Melting Point °’c 47-64
Viscosity Pa.s 110-125

e 1oyannusyninaa
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3.2 n3a3ien 1T luaud v

L.

9.

ﬂ' r =) 1 1
mimeﬂ%wmﬂ‘ﬁmwueuﬂ (Twin screw extruder): Lab Tech Engineering Co.,Ltd.7H

LTE- 26-40

. Lﬂ?@dﬁmﬁﬂwmﬁ AN (Mini Pelletier) : Lab Tech Engineering Company Co.,Ltd i: ULZ-80

flj@‘lJ (Oven) : JJScienclab Co.,Ltd.iu Basic:Memmert

. in5eathidu (Blow film extruder):Lab Tech Engineering Company Co.,Ltd. i" U Type LF

400

: o ard ]
. 1n50e3AnUMIRAY (Digimatic micrometer): Mitutoyo 14 MDC 25PJ

. INTRINE 3Jﬂ’J']1JL§’JQ’ 4 (High speed mixer): Lab Tech Engineering Company Co.,Ltd.iu

Model 3000
R R eI mamm%’eu( Differential Scanning Calorimeter:DSC):Mettler-Toledo

Co.,Ltd 31 DSC 822

. InSoanaaeuaunlsEe an (Universal Testing Machine) : Lloyd Instrument Co.,Ltd.i:Ll

IRSK

w5eanaaoudwinisnasulua (Melt Flow Rate Tester) : CEAST U 6841

[} ’ Y
10. 19599 IMn ey 4 Aumia

11. ﬂa"mi;amiﬂﬁ&ﬁﬂmammuﬁmﬂim (Scanning Electron Microscope : SEM) : ':;'u LEO

1455 VP : LEO Ltd.

12.1 ﬂ?ﬂﬂﬂi’;‘ﬁlﬂi’lzﬁ’ﬂ’li@ﬂ nAusIFdUNTUSA (Fourier Transform Infrared Spectroscopy :

FTIR) : Perkin Elmer i" U FTIR spectrum GX

13. (n599A5297 gorIenanyel X-ray Diffractrometer (XRD) : XRD JU D8 Advance

14. ﬂfauuﬁ aans1aTema UTEN Labtech Engineering Co.Ltd. (Hg-lamp contain mercury ):

Philips TUV PL-S, 9 Watt

15. ndesgansssiziauas (Dino Lite Digital Microscope) $1 AM311
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uthfudends + ndvesea LDPE/LLDPE MSTINTAY thifumisiiu
umlihasSuuy
0 phr 3 phr "5 phr 7 phr 9 phr
| | | | l
n1udTummsduuu itz

nAlvesoa

10% 20% 30% 40% 50%

nIudsinundireseaiimmeay
T
P-life Iphr P-life 3 phr P-life 5 phr
ATNATOU
auTaNIe TuANa AUTIUING FuiAn1enw EEERGORL

35U 3.1 uwunmlaesauvesnsnaass
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o d = { { ) d a" 4 o o
3.3.1.3 thillawedimeswaui 18 ldeufiganad 105 °C iflunan 1 42 Tua iies1da
¥ ' Ed
anusudniunldludautloums Hopper) veunFouthfdudaimstugy
¥ 1
Aauunadaenszuanunsithiugyl (Blown-film extrusion) Tasan1azfildlunsith

2 . d
Yzl uaaedsn139d 3.11

M3190 3.9 SaTidmvesmsa g filumsmSeunefwefnmugas

tulsensy USanaphr)
PE/TPS/K0 PE/TPS/K3 | PE/TPS/K5 | PE/TPS/K7 PE/TPS/K9
gas
PE* 100 100 100 100 100
utlefudenda 70 70 70 70 70
nAlweIBn 315 315 315 31.5 315
@s5%voautleiu
LENE )
APERELGHY 9 9 9 9 9
Yz 4 4 4 4 4
untihas 9y 0 3 5 7 9

WaNINE PE* Ais LDPE watufiu LLDPE Tng148ns daunauszndne LDPELLDPE i§u 70:30
TPS fle mas lunaadnaasy

K fo uatiharsSuuuidTnaee

d' =q 9 a J kY A o a = 1
MINn 3.10 ’C‘Tﬂ'I’JZﬂbhfbluﬂ'liNﬁ'llW’ﬂmﬂJﬂiNﬁﬂJﬂ’JUlﬂiﬂﬂﬂﬂiﬂﬂfuﬂlﬂaﬂ?ﬁuﬂuﬂ

gas gaungai( 'C) aufisevang
die | 9 8 7 6 5 4 3 2 1 (rpm)
PE/TPS 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K3 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/KS | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K7 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K9 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
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M [ 14 ) ¥
M3 3.11 aazf 1 lumsidhiugd@ldy frunfeathiugyaldy (Blown film extruder)

gns gy (C) A3 AnusIsey
Die H4 H3 H2 HI soUEng Tumsheganaa
(rpm) (rpm)

PE/TPS 167 170 165 160 155 130 6.2
PE/TPS/K3 | 167 170 165 160 155 130 6.2
PE/TPS/KS | 167 170 165 160 155 130 62
PE/TPS/KT | 167 170 165 160 155 130 6.2

| PE/TPS/K9 | 167 170 165 160 155 130 6.2

o Qs wa - ad 1 @ [ 4 a
33.14 mmimmmnmmamamwxﬁmﬁ’ummﬂau wu & INAIIUHUN ﬁ\ilﬂﬂﬁuﬂﬁ
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d o g
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@ T Y o e 1 [~ Y Y o
lusasiduuilsiudilzndsnonimeson W 100:45 dreieliitfuudnir 1y
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g U o a 2 = a o o 9
anenlFlumsnay Laadndss1an 3.13 anudwediwes nau it wduen

o o g & i o 4
udh lddaduda (pellet) AreinTosdaiia

IS

4' w 1 J 4 9 G} a 3
199N 3.12 fmﬁmmmmimaqwﬂﬂﬂumimwuwaamaiwﬁuqm

W USuau(phr)

. gAs | PE/TPS/K7/GI0 | PE/TPS/K7/G20 | PE/TPS/K7/G30 | PE/TPS/K7/G40 | PE/TPS/K7/G50
PE* 100 100 100 100 100
uflefudilends 70 70 70 70 70
nAlyaTen
-dmFuutle 315 315 315 315 315
-dmSumsRuuy 0.7 14" 2.1° 2.8° 3.5
AT AL 9 9 9 9 9
sums i 4 4 4 4 4
uaglihas Ry 7 7 7 7 7

Huaineg

K7 fio uadthasBuuy 7phr @ldansnaassludide 3.2.1)

PE* fin LDPE Harufy LLDPE Inel#8ns1daunausenis LDPE.LLDPE 114 70:30

a { & a o 1 ! o o
a-d fin USumndreseafiiedanduludiuniduaistuuuee 180y 10% -50% Tag

° a = { a [~ o
3.3.2.4 vhuflawedwesnaui 18 loufigaimgl 105 °c Wunat 1 1 lusi

¥
IMUNVBIAIT MUY NEIRD

3 2
a1y udahnldlugmtlouatsHopper) vounFoa
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4
aihnsuugl

3 [
HauudonszuumsithiuglBlown-film extrusion) Tasan1izi 14 lunsiih

4 w -
mugﬂuﬁmmmiwﬂ 3.14
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3.3.2.5 Wonwedwes waugasllmaulAdinataz auiameamenwiminzauly

w3ouisy 1l 1498 luriade 3.2.3 ae'ld Tasfiorsannnautanienionmas

wa a dy 9 ay o ] a8 o s d’lv a Jd
TuiAFnalsuvosdan U 7 Jaanunun FUNaNURUDINAY

’ 4 dra ' 1 1 4 1Ta
Ay lumsahiugddhuildnnelddesduserilealas liianisue uas

wa o 1 ' o Y 1 o o
NATDUTUUALTING IHU ﬂ'lﬂ’J'lJJLL‘U\iLLiQﬁ\i U YATULIIGIGR ATNDQAT LA

' o J [ [ [
A1 1fefiguamsastn o yav1a Wudu uazanseagifuusuians

Autiuauise’ld fegif 3.3

d' g ¥ a LS 3 A v a = 1
A1379N 3.13 ﬁmazw“l“v"lumswﬁuwaameiwfmmUmsmemﬂ“vuﬂmamwuau@

gas gaunigil(°C) ansseuang
de| 9 | 8 | 7 | 6 | 5| 43| 2|1 (rpm)
PE/TPS/K7/G10 | 167 | 167 | 167 | 140 | 170 { 170 | 170 | 160 | 155 | 140 90
PE/TPS/K7/G20 { 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K7/G30 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K7/G40 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90
PE/TPS/K7/G50 | 167 | 167 | 167 | 140 | 170 | 170 | 170 | 160 | 155 | 140 90

1 v ¥ ] 4
M1 3.14 anazildmsihugiidy SunTesnuzUfldy (Blown film extruder)

qns amun)iiuAazuTnCC) anudy | anudasey
Die H4 H3 H2 Hi soudEng Tunsi
(rpm) Qﬂﬂﬁy\‘l
" (rpm)
PE/TPS/K7/G10 167 170 165 160 155 130 6.2
PE/TPS/K7/G20 167 170 165 160 155 130 6.2
PE/TPS/K7/G30 167 170 165 160 155 130 6.2
PE/TPS/K7/G40 167 170 165 160 155 130 6.2
PE/TPS/K7/G50 167 170 165 160 155 130 6.2
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[ ard a a = ° =
3.3.3 Ysudpeanummnsalumsdesamavesilaunetefiduriiansmuiusud/wed

adg = 1 ; a v 5 a d = k%
BNAHTHAAITHHHIUHUAUBITH/ l‘ﬂﬁ)iiuwa]ﬁ'ﬂﬂﬁﬂ'ﬁ‘h’/!lﬂﬂlhﬂ1i1‘ﬂl!uu 0118

a 1 a a = c|
NIAUANATIIIMN AN ANWNWAITAN (w"laN)

33.3.1 dmsdfudparudaanuansalumsdesaasvosidunediofaurianny

HULUA VRPN AU TA LU ILLUA 1T Udu/Mes luna1afnaaisay

untthamsunuiiwion ldonmsnansaluiade 332 (gasimunsauiga)

AumsssmsidonanmnmaaniudSine 1, 3uas 5 phr FATIGIUNEY

{ U 4 a1 d o as
uazanefldlumsweunezdhugifdumiloudumsnanssluriade 3.3.2

=

¥
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Aduwedwoswey

A 4

NATBUAUTAA1N

a v & =] a L3 1 J o o a4 & 1 &
gﬂ‘n 34 uwum'uumaumimiauwaamaimeuazmiquuglJﬂmeawnﬂimmmmamsmauﬁn1w

WaAAALANA1Y

3.4 35MInagey

3.4.1 mdadwiimsviaonva (Melt flow index: MET) [52]
Mnsdaniuansolums maveme Biuosnaud 81509 Melt flow indexer 18
. v
Idqangd 190 °c uazdimin 2.16 Alansy Teaumaluntiae nfw10 nd munasgy

ASTM D 1238

3.4.2 MIATNAATIHRmMATIANSgANAUTITBUNIUIA (Fourier Transform Infrared
Spectroscopy : FTIR) [53]

& v

a Y a a [~ a_ da g
ﬂ']iﬁ]S’Ji]’JLﬂi'lxﬁﬂ’]Elmﬂuﬂﬂ']‘iﬁ]ﬂﬂﬁui\‘lﬁ’élu‘l’\l‘i']ﬁﬂ (FTIR) Lﬂumﬂuﬂﬂ‘ﬂums

A

a Jd ] Jd o o 1
msammﬁxwwwwyﬂmwmmmsmww A281AT D Fourier Transform Infrared Spectroscopy

=t o 1 v o Y ] a o < o ar
ﬂ']'imSEJllG]’JE)?J'I\Wlﬂﬁ@ﬂiﬂﬂﬂﬂﬂﬁﬂiﬂﬂ‘lﬂﬂmﬁﬂ(ﬁzL’E]EJﬂ)LLﬁ%‘Ll']Nﬁﬁglﬂﬂﬂﬂqmﬂﬂﬂﬁlﬁﬂﬂ'ﬂ

Y o oy A o y o 1 s o, & a gy
KBr LLﬁ’Jﬂﬂﬂ@ﬂﬂ?Ulﬂi@\‘lflﬂilzulﬂﬁTiLﬂuuNuﬂﬁﬂJ@@ﬂNT ﬁnﬂuuuwumﬁaumﬂﬂ%uu
Y 1 ¢ ¥ P I 4 . o ' ' ¢ o

HUINNNIYAR LLﬁlUiii}ﬁﬂﬁluW'ﬂii‘gL“ﬁﬁﬁ (Cell holder) L‘W’E]‘Vl']ﬂ'li'lﬂﬂ']ﬂ']ﬂﬂg'ﬂﬂﬂ‘lfu‘ll@\iﬁ']i

A10819 NAVAAUYII 4,000 — 400 cm™

a a al d
343 miﬁﬂymmgm’mmmmv\iau (Morphological Analysis) [54]
= s o A s s LY ) o =3
ANHIANHUSNTITIAITIINT NITNTL1U6) m@ﬁllﬁﬂﬂuﬁ?ﬂzﬁﬁ\ﬂ Llﬂﬂﬂ'lﬂ'li'ﬁ]uuu
dy a a ad ° A ard o 1 9 a 3 o A d a
ﬂTU1uWﬂN?ﬂJ@QW@ﬁL@ﬂﬁu Iﬂﬁl%g'ﬂ']ﬂTiLﬂﬁ@ﬂV\lﬁﬂJﬂ?@ﬂTﬂﬂ?ﬂli‘Hu mﬂuuﬂxmﬁauﬂ

infoudaoisduluniiguugfis1 (Cryogenic fracture) A28 luTasiouma) (Liquid nitrogen)

Jd

q
3 ° A a a A a w 9 9 ¢ Y Y o U Aa
nntdwhmaadeuivediaufivinusesiadiudravesidudienes udailidesgfing
v ¥
USRuAINANTUANYA(Fractured  surface) uazdoigiuivesilay drondogansyasl
&ﬁﬂmauuwdmﬂim (Scanning electron microscope:SEM) LLﬁzﬁﬂ‘kﬂmiﬂiz‘ﬂTEJGT’JLLﬂﬂﬂT

4 d a . .
miﬁuuw’f’;Um%aﬁ;amiﬁuwumma (Optical Microscope:OM)
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344 mﬁmﬁwﬁuﬁﬁmamm%u (Thermal properties)
3.4.4.1 MAtla Differential Scanning Calorimetry : DSC [55]
o ald o 1 = t g [~ =2 .. =N
‘Ll'l‘V‘lﬁll@]'J’OEJ'IQJJ']?(ﬂH']ﬂ']i@EJﬁZﬂ'J']JJLl]HWﬁﬂ (%Crystalhmty) Qm‘ﬁ{]uﬁﬁ@ulﬁﬁﬁ

' ] 3 v
Wan (T,) unzgungilizuansdn (T, ) d16i9303 DSC TnomsFaiminasszie 5

]
=) =

10 mg. HnldmiwSeufioungliisudu -50 °c dresasinsIiniueon (Heating rate)

Q U

2 =)

1Y 5 °C/min aufsgungiigega fie 250 °C
3.4.4.2 MAln Thermogravimetic Analysis : TGA [56]
o = =2 o a e o N Y o
T]Wﬂ']iﬁﬂ%l'Iqmﬂgllliuﬂ'liﬁﬁ'lﬂﬂﬁ (Onset temperature)"ll’tN‘V‘]ﬁJJ ‘V]']llﬂIﬂEJ“]Nﬁ'li

Avdatlszine 5— 10 mg. uazhunl¥anudoufigumngiGudyu 50 °c §1u8a31013 181y

v

I

¥ou (Heating rate) 1111 10 °C/min vuisgaingiigega #o 800 °C Meldanzusserns
o

4 py % Y =2 o w
maq"luiﬂmu ATNUIATFIU ASTM E 1131 LLazme"lﬂmaﬂmmmum ‘NHUJ"I‘V]']@‘HTWHﬁ

o . . o
UYBAUNDT 1ULiNTY (Derivative thermogram) 181511 DTG

3.4.5 MIneTeUANLAFING (Mechanical properties) [57]
3.4.5.1 MSNATOULTIA (Tensile tests) [57]
[ =2 . 1 @ d o [ =2
NATOUANINUYULTING (Tensile strength) AINOART (Modulus) tazilosIFudn1sae
’ a o u/ a Y v
8 0 9AU1A (% Elongation at break) YoTlduAINIATTIN ASTM D882 Tnosaildusang s
[ { { £ Qy a
WugddmbouAnd dedmual¥Fuaudanmen 140 mm. 131920 mm. Tufiamenuma
IAT9490T (Machine Direction : MD) Loz fiAN19m 11914304375 (Transverse Direction : TD)

¥ v b4 ]
nAN19ay 10 Fu ‘Tﬂmmwuwaumaz%uam i)']ﬂﬂ’uﬁ']ﬂ'liﬂﬂﬂ’ﬂﬂﬁ’mlﬂ?@\Tﬂﬂﬁ'@‘ﬂ

v
=1

siunlszasd Tavdian1izfildnaaoy dail
fmﬁﬂqam'ﬁ'%”mm (Load cell) 100 N
SUYeTUT LT (Gauge length) 50 mm.
anuslunsia (Cross head speed) 500 mm/min
Tagihmsnaaeufigungies itonimaundians aifa (Tensile strength) ALBAAH

< ° 1
(Modulus) uazitlosidudn15asda o 9AU1A (% Elongation at break) 1ASEIM15OS IR

v
-1

1 Y o
A9 1A
T < =] . F
AINVLUVALTIAY (Tensile strength : O) = Z

oA A (Modulus : E) = ANUAY (C)/ANUIAT A (E)

—L
wlosifudnsiada a gava =[ 7 °:,><100
0
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[} '
dio  F Ao usafasaduaIufiiogis

& dy = Y o 2 o T
A A9 WUNHUAAVDITUAIUNIDY

e

A a o 1

L B 3202321199009 ANE 9N TAIBATUNUAI9E19 (mm.)

e

H a

L,A® 2623217199000 9AA0UMIATATUNY (mm.)

p— 14 i —

-

20

mimE
L

d‘ s 1 =) Ay 1 =2
31]71 3.5 ADYINM IO TBUTUNUNATOUALTIAG

3.4.6 AN ANTANIMIUAN (Physical propertics) [58,59]
3.4.6.1 MIATINABVTNHULNNBATWVD UHRUTAY [58]
14
dunadnyaznhiugdlasRnisuinnanuamsolunmsg i uilsyld
T ] A a = Ay a ard dyy o v a 4
pgABItiey Funadl WuAvesWdui 18 uazdannunindaelulnstines
14
3.4.6.2 USNumM3gaduin (Water absorption) [59]

k4 r H
NAADUAINNIATIIN ASTM D 570 thaunudiedan 1d leuIiuaigangd
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PE/TPS 110 91 174.2 29.61
PE/TPS/K3 108 91 140.4 23.83
PE/TPS/KS 108 91 147.8 24.85
PE/TPS/K7 110 91 162.8 2545

PE/TPS/K9 108 91 140.1 23.12
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4.1.4.2 Thermogravimetric analysis (TGA)
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mandi 4.6 mgungdFuduamuodavesiidunedwesuaugas vinmaiia TGA

u

Formula Onset thermal degradation temperature ('C)
Glycerol K-Carrageenan | Cassava starch LDPE/LLDPE
K-Carrageenan - 245 - -
Polyethylene - - - 445
Cassava starch - - 303 -
Glycerol 150 - . -
PE/TPS 157 - 306 443
PE/TPS/K3 159 247 288 428
PE/TPS/K5 155 248 281 415
PE/TPS/K7 153 246 281 434
PE/TPS/K9 158 247 277 450
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Oxo-Biodegradable Fragments
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MINT A3 AU B 9ATULSIGIGA (Tensile strength) AE1NOART (Modulus)

1 g o X . o @ o
LazAUY oI IFUANITEA 9 9AU1A (% Elongation at break) vosauudanniinig

a

vguugil 70° ¢ Wunm 7 fu
snnuiy fiamans | manwdansefa faeqia nlesifudms
nagey gauusagega (MPa) fia o 9aR
(MPa) (%)
PE/TPS/K7/G30
0 MD 9.21+0.34° 73.56+0.32 294.81+1.31
TD 6.53+0.43 91.34+0.45 457.21+0.45
1 MD 9.10+0.45 74.72+0.21 286.23+1.53
TD 6.57+0.34 93.32+0.12 450.71+£1.32
2 MD 9.01+0.23 73.62+1.36 283.46+1.32
D - 6.43+0.85 92.47+2.15 433.32+1.21
3 MD 8.98+0.51 70.35+1.24 281.42+1.12
D 6.32+0.39 89.34+2.57 415.52+1.38
4 MD 8.88+0.32 69.32+1.26 275.21+0.12
D 6.14+0.43 87.42+1.12 398.37+0.23
5 MD 8.87+0.58 67.35+0.45 276.67+1.15
TD 6.35+0.53 86.53+0.23 396.26+1.02
6 MD 8.67+0.47 66.71x1.15 263.45+1.56
D 6.32+0.38 84.431+0.43 386.10+1.25
7 MD 8.45+0.52 65.4340.42 260.21+1.37
TD 6.09+0.23 80.32+0.13 362.45+1.17

HINeNte) : MD AD AANIATNLUINATDITNS

TD Ao AN NAINUUASDITNT

A1 A A
a fID MIR[Y + AUVIUUUUIATTIU
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§1HINTH Aamams ANNDINT IR o daeqdn nlefidudmsg
AT PATUUIGIYA (MP2) o o gav1A

(MPa) (%)

PE/TPS/K7/G30/P1

0 MD 9.2240.23" 74.3610.21 - 292.34+2.18
TD 6.54+0.45 92.211+0.14 452.32+1.39
1 MD 9.02+0.32 72.53+3.91 278.32+2.47
D 6.34+0.34 90.54+2.31 440.23+1.32
2 MD 8.86+0.41 69.54+2.35 273.1240.34
TD 6.12+0.85 87.30+2.56 429.45+0.41
3 MD 8.19+0.57 63.21+1.56 265.21+0.12
TD 5.94+0.39 76.72+2.14 410.12+0.62
4 MD 7.95+0.32 62.24+2.48 263.67+0.34
TD 5.63+0.43 72.31+1.24 335.11+0.26
5 MD 7.45+0.58 59.50+1.42 220.87+0.45
TD 5.47+0.53 70.43+2.35 320.28+0.32
6 MD 7.69+0.47 58.53+0.24 210.09+1.23
TD 5.21+0.38 69.5410.31 299.59+1.27
7 MD 6.75+0.52 58.37+£1.45 190.32+0.27
TD 4.56+0.24 65.4610.21 257.33i1.45

MBS : MD D NAN19AIULUUATDINS

TD 1B NANIIAINVINUASDITAS

At e oA
a f19 ANRAY £ ANVYUUUUIATTIU
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IHINTY NANIENTS RPN R R.Y taneqaw wlefidudms
NATOY 9aFuUTIgagA (MPa) da o gavIa

(MPa) (%)

PE/TPS/K7/G30/P3

0 MD 9.21+0.43 73.23+0.49 293.23+1.27
TD 6.324+0.41 91.5140.34 431.37+1.63
1 MD 8.82+0.45 - 69.32+1.21 267.27+0.34
TD 6.214+0.35 87.06+2.12 421.45+2.12
2 MD 8.54+0.53 65.43+1.45 254.37+2.23
TD 6.08+0.32 83.45+2.45 410.81+2.34
3 MD 7.86+0.23 61.7342.13 249.11+1.43
TD 5.87+0.45 73.51+1.14 398.314+0.44
4 MD 7.3120.13 59.49+0.18 237.43+0.34
TD 5.59+0.24 69.34+0.29 325.56+0.35
5 MD 7.2010.24 56.38+1.27 180.23+0.12
D 5.3210.51 65.61+1.75 298.45+0.23
6 MD 7.02+0.23 55.42+1.36 175.73+0.13
TD 5.01+£0.23 60.32+0.47 250.42+0.23
7 MD 6.49+0.27 51.54+1.34 170.3240.25
D 4.39+0.26 58.38+1.32 225.2940.21

¥aNeine : MD A9 NAN190 WLUINTBITNS

TD A9 AANIAINUINIATEIINT

- oA
a f19 AURAY £ ANUVYAUDVUNIANTIIU
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M3197 0-6 AnuLT s afe o 9AT UL IgagA (Tensile strength) A1dewOR&e (Modulus)

T Jda 4 . . ay o a g
HazAlo s rUAMIta ol 1AU19 (% Elongation at break) yosHauwoAINBINeTY

ar o = o 4
ﬂﬂ\m']ﬂﬂ']ﬂ']'iﬂ']mlﬁQQ'Jlﬂu 2 DU

AU NAMINS AMNUTWT IR B daveqdn nlesidiudms
nAToY PATVUTIGIA (MPa) ta o1 9AU1A
(MPa) (%)
PE/TPS/K7/G30
0 MD 9.21+0.34° 73.56+0.32 294.81+1.31
TD 6.53+0.43 91.34+0.45 457.21+2.45
1 MD 7.53+0.31 64.56+2.32 255.34+1.56
TD 5.14+0.12 77.37+0.29 357.25+2.43
2 MD 6.43+0.27 53.43+1.45 200.73+1.75
D 4.43+0.25 60.91+0.56 280.31+2.49
PE/TPS/K7/G30/P1
0 MD 9.22+0.23 74.36+1.81 292.34+2.18
TD 6.54+0.45 92.21+0.74 452.32+1.39
1 MD 6.60+0.28 54.38+1.32 180.56+1.23
TD 4.42+0.37 A 60.21+2.25 250.76+2.38
2 MD 4.23+0.12 40.21+1.34 130.54+1.52
TD 3.3540.32 50.30+2.57 180.7712.34
PE/TPS/K7/G30/P3
0 MD 9.21+0.43 73.23+0.49 293.23+1.27
D 6.32+0.41 91.51+0.34 431.30+1.63
1 MD 6.461+0.12 50.42+1.34 163.12+2.34
TD 4.09+0.23 55.4242.35 220.3742.12
2 MD 3.79+0.34 37.37+1.41 110.30+2.03
TD 3.1240.25 45.22+1.45 140.34+2.74

A 1 A 1A
a 18 AURAY £ ANUVIUVUIATTIU

nuEHMe : MD Ao fAN1IALLHANTeENs , TD Ap Asnewmuvunieddng
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Complex Peak:
Areas 174.2 Mg

DSC (imWimg)
Peak’. 89.1507C [1.2] Sample1_TPS_K0.dd3
—————DSC

1 exo
0.4 Onpset: 45,381 2C
End: 123.47172C [1.9) Sample1_TPS_Kn.dd3
————— st
0.3 52
0.2
o1 Complex Peak
Area: -36.59 Jig ]

0.0 Peak" 96.507 7C

) Onset. 911507C

End:  1121857C
i

-0.1 !

-0.2

-0.34

0 50 100 150 200 250
Temperature /17C
Min_2005.12.12 1543 _User, Owner _ Sampiot_TPS KOngd
Instrument: NETZSCHDSC 204F1 Flle: CANGBwin\Ta\DataS\DS 512552 XW1ADSS3 TIPS X0.dd3
Reference crucible,0 000 mg Segmants: 4

Cruclbla:  PanAL pierced id
Atmosphare ¢ N2, 20.0mymin { N2, $0.0mimin

emply
Corrntemp.cat: -50-250_b5_e5{4)ba3.£ 240 10 265 Kt
ot M.mnge: 50007V

Laboratory: sise Sensdiie: 24010266 K4
Oparator:  ray Sample earJTC : DSC 204F1 taensar /E
Sampla: csucibie, 11400 mg Modeftype of meas, : Corection
¥ Type Ron AcgRats sTC €o Flic P22 PGz thZ GNZ Cor.
42,00 | i B o0 5 EQ it o 2t
05 1 a an - 500 ot 10 220
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31l ¥ - 1 DSC thermogram vosAlduweAleiauriannunuuniud/wodefiduriany

1

wudusuguduimes lunmafnanss gas PE/TPS

Complex Peak:

DSC /{mW/mg)
Area. 1484 Jg
i exo Peak’: 108.618 7C 11:2] Sample2_TPS _K1.963
Onset: 33.505 7C [1.4] Sample2_TP5_K1.dd3
04 Eng 123523 7C Panbiaiaeatl )
. wa
o J
Complex Peak: 9

Area: -33.8J4a
Peak™ 98.2807C
Onset 91.017 7C

0.0
End: 112684 7C

150 200 250

[ 50

100
Temperature /7C

Sampie2 IPS Krng

Muin _2009:42:18 15:53 _User: Owner

Instrumant ; _ N 204F) Fife: CNGBwIn\Ta\DaiaS\DS 672652 XM 1DS53_000RSample?_TPS_ K103
Project:  tamp -50c-250¢ Referenca ; ‘cruciois,0.000 mp

Segments: 4
Crnxible:  Pan AL percedid

Mdentity:  DS53_0008_02 riad: empty
Datehime : 112672009 12:35:31 PM Corthump.cal -50:250_1S_c5{1).ber3 1 240 10 266 Ked + N2, 20 0mymin N2, SO Orobirin
Laboratory: use Sens.f : 24010 266 Kedd 5000

Opesstar:  my Sample carJTC DSC 204F { Lsensor /E.

Sample: enreitls, 16.200 mq Mod, ofmeas,: DSC Cormection
[ Type nge ‘Acq Rate StC Co Pl PIIG Y Nz

5.2 Dot G OKATERTG 1) ] ¥ I [ (3 e (35 o

1 & Omamo IS ANV &0 1 i 2 206 00 o

Ul v—-2 DSC thermogram vosflduwadAdUrianNUMIUNAYNO RO AT UYIA

I e a g 2 a % o
ﬂ'nmﬂmuuumvmﬁu/wmﬂuwmﬁﬂﬂﬁmﬁf/uﬂﬂﬂmﬁmuuu iIﬂ‘i

PE/TPS/K3



DSC #{mW/mg) Complex Pezk:
4 exo Area: 147 B.Mg
Peak®: 108.6007C
4 Onset. 62.5437C
o End: 123.4677C,
0.3
0.2

Complex Peak:

0.1 Area: -33.34Jig
Peak'. 98.2727C
0.0 Onset  51.628 ?2C

End: 1;2.877 7c

0.1 i

[1.2) Sampled_TPS_K2.d¢3
————05C
[1.4) Ssmpte3_TPS_K2.dd3
e BSG

0.2
0.3
0.4
0.5+
0 50 100 150 200 250
Temperature /7C
Sample) TPS K2nep
F1_Fils: CINGBwTaDIanS 520552 XN 110553 000RSampla3_TPS K2 o3
Referance ‘crutibie,0.000 mg Segmants: 4
Materkat: empty Cruzible:  PanAlL perced lid
Camemp.cat +50-250_h8_c5{1).63 1240 10 266 X0 Atmosphure : N2, 20 Gmitmin [ N2, 50.0mmin
Sensfile 240 10 266 Kecd. M range »
SamplecarfTC:  DSC 204Fi taensor/E
Moda! ofmeas,: DSC/Sampls ¢ Comection
AcqRats (13 Pi P23 Fo 36 B o
LT ' 1 [X] e £ I [ I o 629
£500 1 13 xe 500 1 1 &2
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51 -3 DSC thermogram vosiSuwoAmHaUTilanNunU U UAY WO RERAUTTAAY

2

nududuguduines luwaadnaesy/mnihasBuuy gas PE/TPS/KS

Complex Peak:

DSC fmwimg) Areal 182.8.J1g
4exo Peak: 89,165 7C
0.4 Ongel 25.7207C
- End. 123.0787C_

0.2

00

“Complex Peak:

[1.2] Sample4_TPS_K3.dd3
1.4) Sampled_TPS_K3.9d3
————psE

Area: -37 Jig
0.4 Peak®: 98.9247C
Onset. 91.4227C
End;  112.2867C
-06
0 50 100 150 200 250
Temperature /7C
Mun_7000.12:18 1804 Usar Quner S Sampisd 10 Quop
Instrument: NET?SCHOSC204F1 Flle: CANGBwinaDabS\DS 62362 XW11DS83 000biSamgled TPS K30d3.
Project:  lamp-50c-250¢ Relerance : crucitle.0.000 mg Segmenm: 4
Mentty:  DSS$3_0008_04 Motertal : emoiy Crusible:  Pan A, pireed i
Dawhime: 1172772009 12:07:25 Pl Cart rzmp.cal: -50-250_n5_c5{1).be3 1240 10 266 K 13 Almosphers s N2, 20.0mbmin /N2, 50.Gmiimin
laboratory: ase SensJlle : 24010 266 Kedd M zange ; 5000 7V
Operator:  ray Sample carfTC DSC 20471 Laensor! €
Sampla: crusible, 1,600 mg Modeype of meas. n
[ Type g feq Rate 63 €o P1= P2:hz 2] L) G2 Com.
RE: =3 5005 S{Kniny 25T B0 I 1 ! ¢ 20 £ I EQ } 3 [ [m
11,4 Dymorie 2 6300 1 9 28 0 200 on 190 . 020

{ = o a a, = 1 ; a a, a
A 9 -4 DSC thermogram vosHauNeREAaUFHAANUMUUMUA VO AR RUFTAA Y

nududuFadwmes luwaradnaassunlihasBuvy gas PE/TPS/KT
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DSC {mWimg)
! exa

0.3

Complax Peak:

Ares: 140.1Jig

Pesk': 80.5677C .7 Samples TPS Ka.dg3

Onset 47.2087C

S [1.4] Sample5_TPS_K4.dd3
_.End: 123085 7C e

02 .

03 ‘Complex Peak:

- Area:  -31.4 g
Peak*; 88.7527C
-0.4 Onset:  91.152 7C
End: 112,088 7C
05
1] 50 100 150 200 250
Temperature /7C
Man_200912.18 1806 _User Somples TPS Kdngn
Instrument: NETZSCHDSC 204F1 Flle: CINGBwn\TDaaS\0S SA2552 XMI\OS5) 0008SampleS TPS Kd.ddy
Project: 1emp -500:250c Reference : ‘rugble,0.000 mg Segments: 4
dentity: D553 _oo0s_0s Matertal empty Crucible: Pan AL miorced Id
Datsitime;  11/27/2008 23235 PM Corrftemp.cal +50-250_h5_c(1).bd3 /240 10 260 Ktd3 Atmospharn: N2, 20.0muUmin /N2. $0.0m¥min
Labaratory: eisc Sensfle: 240 10268 K odd M range v
operator:  ray SamplecariTC:  DSC20¢F1 teansor/E
Sample: crucible, 13.600 mg Moderype af meas. Careeton
I3 STC Co P ZN2 PG:NZ LN2 GN2 Corr.

|2 73 Dymamic. |:| 0 R =T Ion K] G
[#.4} Dynemic 2 L] 200 900 off 19 029

§ ap o a o, =Y 1 ;: a =, a
Ul ¥~ 5 DSC thermogram YosWaune flonausiannunuuud vwedeiausiany
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nyv-

nuwudududwimes Tuwarad@naaswuathas Sy gas PETPS/KY

e
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- TG
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100 4 OB 0 L N e e 016 % 0
¥
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80 é”'}"y i
oo 4
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o~ Muss Chonge ~622% ] / Niss Cltange: 44.70 %
80 4 ; | 7 L6
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Mg Crangs: »2%3 % ) /
i ;
40 1 // % !
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}
100 200 300 400 500 600 706
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Mon MR Wmern 10 T fgtiay
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Profects  Maasan Gpermus | R Ferap. catb e TCARTEABTIr Lagr B, E]
Wontry: TGS MG Sampe: RS AN Susiple caTC T8 D33 stndudF Aol
3 S ateid ¢ Erepry Sammple moss ¢ ) o dN2INE
[Conociion tha:
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i Giveans DOGRMTT LA 5 200 jid 1100

T WL Foa o SOTWER

o o a a a v o a a \ Q
6 TGA thermogram mmﬂau‘wamewﬁuﬂf‘uﬂﬂmJJ14umuum/waamwﬁuwuﬂmm

nuuluduFuduines luwaradnea15y qas PE/TPS
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141TRE_K1_N nab-ats
[L3ITES_KR ngt-sif DTG K%/min)
s TG
e im0
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bass Gnangn <2072 :t.f\ 4
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TG /b DTG /{%/min)
100 4~k Dngel 151.1°C mitp
e R
« !
3 i k-2
80 {-¢mser B350/ 5 ]
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Man 201010191820 User TG .
Instrument : NETZSCH TG 209F3 Fila: C:\NETZSCH\Protaus\dalaS\WONG\Casswa.ngb-st5.
EZ Sample carsTCr TG 20973 standard/P Alnospliore: - /N2 IN2
NONG (LELTE Empty [Sample mass : 78507 mgy Corrm. range : 000/2100 mg
10152010 24152 PM [Cosrection file: ™ [Madsaypeolmens, : TG/Sample
Science, KMITL Tersp, calih, e : TGA29FIA0134-L ngb-15 Ssgmants ; 1"
| Opesator : Reage ; 30/10.0(K/min}700 Crucile: ARO3
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U —13 TGA thermogram UIULIUUTIUZHAY
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Wain 20101027 1214 User.TO
nstiyment: NETZSCH TG 209F3 File: C:WETZSCH\Proteus\dalaT G54 0007 paralin ol.ngb-sib
Project: B parafin of [Sample cariTC: TG 209F3 standardP Atmosphere:- -~ /N2/N2
Klentity 1 TG54 0007 . (Maresial @ Eenpty |Sampla mmn ¢ 51784 mg Cartim, 1angs ¢ G00/2000 mg
[Daatime: 10272010 10:53:36 AM [Cenealon ile: [Mod slypa of mexs.: TG/Semple
Laboratory s Science, KMITL ITewp. callh. file ; TGADIFIA0134-Lngh-16 |Segmoums : n
Operatar ;. Range: 3010.00</min}/700 Crucible: ARO3
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Wentit:  Bank Material Empty Saruple mase ; 159323 mg Corwm. tango : 0002000 mg
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Project = Sample ‘glycerol fSoniple carAC: TG 20973 stendardP [Altnosphete: --/N27N2
Mentity : Bank Matariad ¢ Empty Sample mass @ 50.7045 mg Cotrim. vange : 0002000 mg
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MANUIN A

° ¥ d & d [ =3
mssnumadesisuannuiunan

o J
masnamandesiFudniuilundn (% Cryatallinity )

. :’ o a d a ad A a d
% Crystallinity = AHI x 100 x dmtdnnwedwes(wedonaunileglune fwesnau(g)

Ed E4
AR, dminmsianuace)
& A . &y L daw
1o AH! f® Enthalpy of fusion o5 lAantunldng v (I/g)

AH®  fio Enthalpy of fusion 484 LDPE A nuunin 100 %
f p

. @ewnfiv 276 J/g)
fenaNSAILIn
’ oy o a o a ag A 1 a o
® A3 PE/TPS “imtinwedwes(woAeniaw)niloglunediesnan =100 g
8 8

Ahnidnguiavue = 210 g

1 4
=

-AH, #1dfunldnswl = 1742 17g

. . :’ Y a g a  ad A a - 4
% Crystallinity = AHI x 100 x dmunwedwes(wedwiimniedlunediuesne(g)

k4 k4
AH°, MninmINanua(g)

174.2 x 100 x 100

276 210

0.6311 x 100 x 0.47
= 2061

k4
dat  nlefudanuiundnvesidunedmoesnaugns PE/TPS 1y 29.61%
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MIANHANIAMIMYNIN

P s a g 1a ar :’ o d a 4
M3 -1 WefigudlTunansgaduihveslaunedmesnay
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qes 2 4 6 8 10 12 14
o d'
HUN
PE/TPS 30.78+0.12° | 32.3240.14 | 32.38+0.15 | 32344012 | 32.35+0.19 | 32.32+0.11 | 32324023
PE/TPS/K3 | 32121014 | 33212012 | 33224023 | 3321:0.13 | 33233021 | 33.23:031 | 3324+0.12
PE/TPS/KS | 32211016 | 33312026 | 33322012 | 33342043 | 33324012 | 33.34+0.12 | 3331+0.11
PE/TPS/KT | 3238:0.12 | 33422021 | 33.412032 | 33.424045 | 33.42:0.13 | 33414025 | 3341027
PE/TPS/KY | 32411028 | 3348:0.11 | 33.47+031 | 33.47+023 | 3348+0.15 | 33474032 | 3347+0.14

Hugime

A A oA
a fv ANRAY = ANVSUUUNIATIIY
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MANUIN 2
= U Y Y
NIIANHIGNUAN TUDYTAIUNINAIINTOU

v ' -1
M31H 9-1 A1 Absorbance UTIIMIAVATU 1400-1900 cm VoITAUWEAMOSHEUTATAII

a

] ] 3
wasmninseaveiigungil 70 °C Asvevinavianua 7 Su

o

Formula Absorption band Absorption band COi
PE/TPS/K7/G30 1640-1840 cm ' 1463 cm’
0 Day 37.56 37.88 0.99155227
N 1 Day 38.67 37.96 1.02
AN 2 Day 39.14 38.21 1.02
3 Day 40.25 38.24 1.05
4 Day 41.28 3835 1.08
5 Day 43.37 38.45 1.13
6 Day 44.58 38.45 1.16
7 Day 45.76 39.2 1.17
PE/TPS/K7/G30/P1
0 Day 56.21 40.23 1.40
1 Day 59.45 . 40.43 1.47
2 Day 60.53 40.57 1.49
3 Day 64.23 41.32 1.55
4 Day 65.92° 4135 1.59
5 Day 69.32 4137 1.68
6 Day 71.57 42.54 1.68
7 Day 74.78 43.12 1.73




A13197 922 (Av)

Formula Absorption band Absorption band COi
PE/TPS/K7/G30/P3 1640-1840 cm™ 1463 cm’
0 Day 62.42 43.15 1.45
1 Day 68.54 43.18 1.59
2 Day 69.11 43.28 1.60
3 Day 72.34 4334 1.67
4 Day 76.87 43.23 1.78
5 Day 81.32 44.48 1.83
6 Day 82.12 44.51 1.84
7 Day 83.45 44.23 1.89
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1 [} 'l
M3 9-3 A1 Absorbance UTIMIAUATH 1400-1900 om VoSTAUWORWOS HETUTATAIN

o

o a o g A
WN'IHﬂ']ﬁﬂ']Uﬁ\iﬁg'JHJuﬁ%i 3814 19U

Formula Absorption band  Absorption band COi
PE/TPS/K7/G30 1640-1840 cm’’ 1463 cm”
0 Month‘ 37.56 37.88 0.99
1 Month 50.23 41.45 1.21
2 Month 60.19 43.57 1.38
3 Month 69.41 4521 1.53
4 Month 80.82 47.23 1.71
PE/TPS/K7/G30/P1
0 Month | 56.21 40.23 1.39
1 Month 93.16 51.42 1.81
2 Month 10945 51.26 2.11
3 Month 130.12 53.32 2.44
4 Month 133.47 51.02 2.61
PE/TPS/K7/G30/P3
0 Month 62.42 - 4315 1.44
1 Month 101.24 52.45 1.93
2 Month 119.32 52.49 2.27
3 Month 140.58 54.19 2.59
4 Month 145.43 52.23 2.78
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MANUIN Y

a d a
MIIATIEHAWNUNATA XRF

lumsnaaesldihmsssimadeuanmmwaradndilad) l3inseimsgosilszney

faumAiln X-ray Fluoresence Spectrometry (XRE) Haft 1ALAAISIANT1 %-1

d' < A ] A a = |
M3 9-1 uaessgeflseneuniied lumsissmsiFeuaamnamadin (i lad)

m3dsznou USines (KCps) %
$i0, - 2.9 1.54
CaO 478.6 77.9
MnO 52.5 13.2
Fe,0, 17 0.248
Cuo 2.1 0.227
CeO, 3.5 54
Dy,0, 10.1 0.159
Compton - 0.13
Rayleigh - 0.79
Norm - 100

M eiwuh lumssinsdenanmmaadn flanens @y wu Mn, ca of

TudSuanun





