=} 4'4 ¥ wa ¥ oy d = oy a
wavaanthhmasuuuniineanamaguesianweaenauria
ANNHUMUUA VN AN AUFHAANNH U MU UA T Ud W/

o a d
MaslunaaRAnan1sY

EFFECT OF K-CARRAGEENAN ON PROPERTIES OF

LDPE/ LLDPE/THERMOPLASTIC STARCH FILM

(% o =
N VI

PHATTANA BUADEE

A

a a Jd A: o U d! = [ a LYY
InentnusiuaiuniaveamsanmmunangasiSygyinenmansumitudina
a = a d
mvIvunalulagneaiues
a d
Az Inenenans
aoumalulagnszoemndudgammsaansz i
.1 2553

KMITL-2010-SC-M-014-043



EFFECT OF K-CARRAGEENAN ON PROPERTIES OF

LDPE/ LLDPE/THERMOPLASTIC STARCH FILM

PHATTANA BUADEE

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE IN POLYMER TECHNOLOGY
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2010

KMITL-2010-SC-M-014-043



COPYRIGHT 2010
FACULTY OF SCIENCE

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



Az Ingmans
aonjumaluladnszasund udigammismanszals

lususedineniinus

w VYV a o d = o wa v I'd =) ey =)

Y0 INENHUNUS wavewnlihassuuunlaeauiianie q veanauneaenauwia
ANUHLMUBE Y Ne AR NAUFIAA NURUNIUA NS uFLANeS 1y
na1AANAASY

(Effect of K-carrageenan on properties of LDPE/LLDPE/thermoplastic

starch film)
HWnfn WA IR 1197
stialszdm 51067916
YSan INGIFTAATH L UNA
TN maTuTadwodwes

. =
2w PBIMBnEInmiings  Jrasandng Huanate

n 3
AN TR IO INE WS awieye
sasymEad AS¥enIang T“M
5A.A3.01a 1l Fogansdaus AN B/[’)p
an o Py o — —5
IA.ATAING ATAfAnaAna ey
I3 AUANA Wunad W/W

Su/@ewl Naeu 7 qamy WA 2553 1387 13.00 - 16.00 U.

v ¥
aomiiaey @ #ed 502/1 %u 5 oMsYMInsaAuAnYal i

funneiinuusilizuians 399, ! (303m
@ i o % s » o 4
UYL O LRSS TR BR VL T
s 820 = M. &, v~ O3
1T I =TTV ISR 1 Moo O s N .
UN.ooeeeern JABMU. ..., SRRSO, | X, ISR

AW

e P Y T PO T TRV TS




o Y

a a Jd =) Ay e ¥ = o a aA =
RIVDINMNUNUD Na‘umuﬂﬂﬂwmimuuummaﬁummmmmwauwaamwauwﬂ

] z; =y =Y = v 4; =Y o
ﬂ’mmumuum/weammﬁu%uﬂﬂ3111wmuuumwmé’u/maﬂu

a o
NAFAANAATY
w = o CV
UNANHY UEATIRAUN %
shadszdn 51067916
EGTEN INAMFATUVIVUNA
a A =N 4
VI mna lulagwoales
. ¢, 2553
d:i s Q( @
21138 n5ne SAL.AT. AUANA  I5UIAALE

UNHnLD
dy a3 A Y

aw - =) =) ap o = act o
NuIeiiilunisanymaveundiinsvuuniseauaveslaunoaenauwile
] ol = =Y =Y ] z; a 4 a I'd ]
AMUHUILUUA YN O ALONAUTIAN MUA UL UAUTUTUANDS JUNAaRNTAITS 11anT
o3 ] (] Py = Y = P - £
nanowoni 3 @i aiun 1 Anywatazvidsuiauadiharsidsuuimueaungela
a - ¢ Tt ¥ p & a P v A
Waunedwoswanawisahiugllaedauysal  TasmsnaunefiwesHruaIunTos

Q@ wa A

s 1 Y d? 9 USRS Y o
sasauuunfrIuoUg ndWugdrenszurumsidday udnillnaaeuduiifFng
v 2 a A o 9 [ d? Jd A
nnmMsnaaeInuNUTnawatihmstuuimng e lamsnhangdawysel fe 7
Y I~ =} Y] 1w ¢ o o A
phr TaglAAA1INLA IR B IATVUIIGIEA 11101 7.71 MPa Hazilo51duanI58a o 90
(Y] & g Vet 4'1 = o a A s P ~
919 1119V 238 Fudumnangaamsunugasneuuatiinsauny 3,5 ag 9 phr Fanan
9 9 @ ¢ 3 o [ < = @ = [
Taaeandesnuilosiduannuiunan tagnnmsenrimedaguIngmuiualihag
Suuu lidhduduwefienauridanunuududy/wedenausdannuruudud udadu/
o a d v @ a = =) 1 ° a
MO3 lUNATANTAIS Y UATINITON52910A7 1 Tuno Ao NaurTAn UM UL UAYWE LD
at = 1 ; 2 9/ o =y 4 1 P o A
naurlaanunuiudgaduines luwanadnaaisy  diui 2 digaswaniangan
1 1 o 1 { o { ' a 4 e
dadi 1 andSulgaddduidunndiharstuuuilegluwedwesnauiiauiaanuily
[~ a d? = = J 1 a =t ~
anuilunaraanuinvulaswaunasosoaluliviaaieg wudlSnaundwesean
= A o q ¥ a 9 o v A4 o a
manganlugathhaisauuuiseilvnedmesluduneumnandiunissdaiauuy
P = ~ 1 o ¥ A v & a way ¥ vt
nagIMUBUGIANUIM HENNYuLaza N TadaA 18R 03RAINA SR LA |14 889 30 % Vo9
Psnawmaihmsduun mozldaniadnehd vazdiui 3 igasnauifigasindiun
1Y e v = v 4 o L °
2 ilfulysandansdesanisdromsdumisissmsdouanmwaiaanci lad) Taoiims
¥ =) ' 4 a y
nagouneldan1izgungil 70 °C wazaeuasyd 1nn1snaasInL Il dSuiamsidoy
= a d?‘ = g o ¥ a d a 9 9 a 4?’ & =] b
amwwaraaniuunIutuu Iwih ldwedwesinanisaateaa lduintediu deeziiuld

wa a 4 = ¥ 4 -y o] . é
vinaudAasinanasas USnumsisemsi@evanmwaraan@ lad) Mmunzaude 3 phr 59



Y Py Y v @ A 4 A A A 4?, A d (Y] AN o J o a A =Y
TnanaoandesnuariaTuedanimuIy Fudlundngunoudunidunedwaustianiu
T ° a ~ = ] ° ~ o A o
nuHud WA NAUYIaaNunUILHUAUFuFUAN e Iunanadnaassandiinisa
=1 A A 1 d’ a =Y o) Py [ [Y]
MUY MAVATITIMSFUTMNHAFANE laW) ansananisgesaaenennusounaz

mauad1dase

II



Thesis EFFECT OF K-CARRAGEENAN ON PROPERTIES OF LDPE/
LLDPE/THERMOPLASTIC STARCH FILM
Student Miss Phattana Buadee

Student ID. 51067916

Degree Master of Science
Program Polymer Technology
Year 2010

Thesis Advisor Assoc.Prof.Dr. Somsak Woramongkolchai

ABSTRACT

This research was studied the effect of K-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 mechanical properties were tested. The results were revealed that appropriate
amount of K-Carrageenan added into polymer blend for well-formed blown fiim 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-Carrageenan 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.

111



The optimum amount of P-life was 3 phr. In addition , carbonyl index was increased and
supported the degradability evidence of polymer 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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msonseeamasmanaluag (Rearrangement and Cyclization)
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R-H + 0O, NS R+ HO,

R + 0 =Gy KO,

RO, + R'H —  ROOH + R’

ROOH =% q,R0. X ~OH

RO + R'H —— ROH + W

HO + R’'H —* HOH + R’ (2.15)
H + 0O, —> HO0

HO, + RH — H,0, + R

2HO, —* 0, + HO,

2H, 0, —* O, + 2H,0,

0, — 0, + O*
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nasguhlflumsnageumsdesaaienedIn Ny IWaIdAN oYU IbeIRNT 1¥U ASTM,

CEN 1a2 I1SO 1udu

A19199 2.3 naanulumswanwaradngssanie 1dn19% 30 IN[8]

nwodines WASNH (MI/kg)
Low density polyethylene 81
Polyhydroxyalkanoate- fermentation process 81
High density polyethylene 80
Polycaprolactone 71
Poly vinyl alcohol 58
Poly lactic acid 57
Thermoplastic starch + 60% Polycaprolactone 52
Thermoplastic starch + 52.5% Polycaprolactone 48
Thermoplastic starch 25
Thermoplastic starch + 15% Poly vinyl alcohol 25
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q' 1 (1) A o ] 3/ =
13NN 2.4 ﬂ151]ﬁﬂEan“])'Liﬂuﬂi%%ﬂ'ﬂ'\ﬂ‘W'ﬁTﬁﬁﬂﬂﬂﬂﬁﬁ']ﬂvlﬂﬂ'm‘lﬂﬂ'lw [8]

wodes msasaMaiSeunszonx10
kg CO, eq./kg]

Poly lactic acid 53
Low density polyethylene 50
High density polyethylene 49
Poly vinyl alcohol 42
Thermoplastic starch + 60% Polycaprolactone 36
Thermoplastic starch + 52.5% Polycaprolactone 33
Thermoplastic starch + 15% Poly vinyl alcohol 17
Thermoplastic starch 11
Poly lactic acid n/a
Polyhydroxyalkanoate- fermentation process n/a

ada d 1
2.1.3.2 aﬁamswﬁﬂ31ua1u1§a1uﬂ1iﬂaaaa1ﬂ [9]
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MIIATIHNINANNTOU (Thermal Analysis)
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Differential ~scanning calorimetry (DSC) «mulumi'Jmﬁwqquuﬂaaummwﬁﬂ

v
@

(Melt Temperature; T, ) AU Thermogravimetric Analysis (TGA) !’ﬂ UATNATIE ﬁ’ﬁ THUNN

qaydeTy



22

- msdanlald DsC wuhlusznhamssesaatsdiuiiiluedaigiu (amorphous)
Yoawadwesvzanal lavduedugiuveswoioiiauszgnoesaats ldunniidiu
Fusluwdn

- s laold TGA Hu3ERNeuazsiags Ifnuimsdesaasvewilsluned
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a 3 a .
MIUAICHNSNIAY (Burial Test)
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10 : s iigasndilaeialil Ao (CH,,0,), uduilunwedmesveng Inanfivuialuanalvg

. v g [~ i 1w
YsznovlddrenirenuguilunoulalasngIng (anhydroglucose  unit) iFounaiudie
o aa .. . s o o VoA 1 Y o
Wuszng In¥An (Glucosidic linkage) NAITVOUAWNUIN 1 voanUeng IndfUAITUDY
fumieh 4 veeniisenglaaiogdall Sudlarevesluanandleazil anomeric carbon (C1)
& ] n Yo o/ A Y = ] ey []
Fa9eg 1 1duny Tuanadusg n1eaueeulats Tuanavewilseziiviaeng Tnaniivy
a g 1 ' P vada o . @ 2
an lon Sond ngualareduhliautiAsaag (Reducing end group) tufe utfanilsTuanase
fi@d11mMia reducing end 1 Awmis Tuenauflunisesnidiu 2 vilandng awvuna Tuagauas
o o A v A A a o AA g ~ 4 v
anyazN13IAG IR Ao oz lu1ad (amylose) Felvwramnuazindiumvuiivaaniioy
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2.2.2 Tassaamaniivesuils
) o oo 1 1
-0z luTad (amylose) 1Huwedwesniianlense Uszneudlenitoueulalasnglas
Uszun 200 — 2,000 w2 IFENAUAIWUTE O — 1,4 glucodic linkage Tooutladulngjaz

toz luTaesduosdilsynomszunm 15 - 25% HigasInseadha dagilii 2.4

j Ok j:_thH O
COH OH \\ OH
[»] (s}

oA OH ACC-B00

31 2.4 Tassadreveses lulad [10]

OH

- oz luTammnAu (amylopectin) (Hunedweiniaalane Usenoudromiioueulslas
ng lnd (YounuAeiuss Ol — 1.4 glucodic linkage 482 0L — 1,6 glucodic linkage uanz Tainaly
Tuanae: luTamnduiiviisueulalasnglnd Uszwiai 20 — 30 wiae TaeTaseadred

ey TuTamnAuazlidszuims 75 — 80% veowth HgasInseadia degii 2.5

H0H

OH CH:OX
4 e 5 CX.OH
C
" L SH.OH
r
o = b
amylapectine ¥
CHL0H CH ,OH I Lx, SH,OH

S S e B e (S S

50 2.5 Tnseadreveses luTamndu [11]

2.2.3 uilasiudnleras (Cassava starch)
L% o a a kY 1Y Y o o, v AA a o 1
udlaiudrlendnda ldnniivesduiudrlend i¥eSonmainomans i1 Manikor
utilissima Waz lunw1dangueziSonutaiud e vdai Tapioca starch, Cassava starch uaz

=) d o A
Manioc starch Tﬂﬂllﬂ\iﬂll'igﬂﬂ'lj ANFIT NN 2.5
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M99 2.5 perilszneumuniiveudaiudiendalaonialy [7)

aafilszneu e (Feuay)
- 12.59
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13191 2.6 antavesutlsd InalSoudmeuduutlaiudilenda (9]

aniin uitlathalna ntlasfuenlenda
VA (m) 3-26 4-35
e 15 20
Ty (owiw) 0.60 0.10
TsAu (Yow/w) 0.35 0.10
azlulaa (%) 28 17

Degree of polymerisation

ox'lulaa 800 3000
ovlaTamn@u x 10° 2 2
Pesting temp (°C) 75— 80 65-70
Peak viscosity 600 1000
Swelling power ﬁ 95 °C 24 71
Paste viscosity unans (&N
Paste and film clarity Hter lat
Retrogradration rate a3 {51

2.2.3.2 msgeaamevetil
[} 9 Y 1 [] = 3 dy
uilsrunsogesaaisldvatenis laun nisdesamenedinmineldiyest vay
Y 9 o &l a g A =3 v 1 ;
mstovaae laelgeu lyainndoyaunio saliswezdea dese Ll
¥
2.2.3.2.1 nsdesaatemerininlasliaest (Biodegradation by Fungi)
4 P Ay ~ Y re Y amauy
Wosimusalhiats nieadeanudemioliunideld 3 33 1aun ms
MM MaUAl LazmMIne IINATOEM
1. MINIEENIIMININ (Mechanical damage)

=

o v a F 4 [ - ° o ] o
msmeiifaludieyaunsdausaiiasiaslunemonin 1w msfa

-~ 9 a 1 ) ﬁy =Y 3
unzaealden il Tasua mymizivewrunaladnye Tagtlain e iauisamizimi
LazHITaEran 18

2. MIRIAONIUAY (Chemical damage)
° Ao 2 ¥ o PO A { J Y A
mymaemuaiifeduldlasdmsmaad FuFesuiluaungndn nioms

14

o A Y o @ ' a g o o ' a o J .
MYBIUBUYINTAYING Iﬂf}fﬂiﬂﬂﬂﬂﬂ@ﬂﬁ?ﬁ!ﬂﬂl%?qﬂﬂdjﬁﬂ 1H HOANNYDI mycotoxin
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b4 1 1] 1
TaoFos 1S iRy TauueIMS 15U alfatoxin NHAALI9IA Aspergillus flavus T0TOUAIAIN
9 v
ARYUUUTIND
3. MINATEEAI (Soiling)
a v o o £y Ay Ay 1 Y o
msasosasduiunanndulovoudosues uazi¥esine IMiAaadesh
Aay Y Y v v ~ == gl 1A o T o ] dyu o d' L)
374 daua TS waasuiivuas vseMimaunidoud seesesdusuilsindaluaniigh sl
v ) ¥ 3
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@z 1107 18Tunne I sdsusemuriiameg uaz Insnnuannsonanduleneeiioune
fulugesinvesome
1 a o 4
2.2.3.2.2 M3dogaagnudnyazyeInsiauouau Lo
Ca
1. 19 lwitoun1euen (Exo — enzyme)
1.) WA - oz luma (B —amylase ; 1,4 — (0 - D — glucan maltohydrolase)
PR ) ¢ 1o Y o Y 2 9 o A v @
wutou Tasifl luadruge ru $1115188 12180 G1aend uazwuldluaumtewaziiudis
@ o 4 a 4 1 . I~
nu Suilu extracellular enzyme lui¥o9dun3d 15U Bacillus cereus 1Wudu twdiez luna
[~ ‘v w A
Wueu lsindawuszanduuendingmulu lassunndaieveses lulaa nieor lula
a 4 ] wada o 4 v @ an
mnaunndatedui lullautiasaads oulesdezdanussuean-1.4 InalaganyosTuana
1 o =y s o o :; ° '
nglaailugqly Mld1dndadasiduihmianealng misiinuveseuleidesnts
uaason lovouidns uinu
L4
2.) 19U Jayain [ 1oz luaa (Glucoamylase; 1,4—0-D—glucanglucohydrolase)
2 £ & ) P 3 5 ared =
annsonan lanmses Iuena Aspergillus, Penicillium 1192 Rhizopus aauaziuafizy
[~/ A o :’ Ay @ aa
ngTnez luaaiueou Tmindaiaang lnafdududrowuszuearh-14 Inaladdnuaz
¥ v b4
wuszhwean-1,6 lnanedan lasnsdauszNazsifieaiudininnisdanussueari-1,4
aa kY 1 a ,3’ 1 t4 Y a w o A = = ~
lnalagdn dimsdosmaluesnanysaia: landndumn Ae nglad Tarwadosh pH 3.5 -
5.0 BATNQUNYI £55°C
a1
2. U lmitosnielu (Endo — enzyme)
uoavhes luag (Alpha-amylase ; endo-1,4-0-D—-glucan glucohydrolase)
o o A 4 a :3 J A Aada Py o
Jauilu extracellular enzyme Ao 10U lwiNkanTuMsluadvesdaliFIaudrgaduoonuiuon
o Y o a ad a g I o
wad wu'ldludad Ay wazgdunionarsia iueu ladiniauntgluTuangaudls Tavey
gosudluwuguidwuntsiuszuoavh-1,4 1naladdn ua ldamnsodeewuszuoar-1,6 1na
aa A o A a o &t ]
Tagan Adwmnuansmuveutld1d wdadusinldnnnistosnds Ae wealad nqlaa uay
Y- d a o L4 ~ ' o o
Alimandaiu mamiauveseu leidesnisunaionlesswds o Tanwadesh

t:.i a = o L4 3
pH 5.5 — 9.0 uazfgamginesdgungl 150°C lumegaamnssuezldoulednnies
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uazuuaitise dlelfuearhes luaalumsdesusls seiliarmmilauazanuannsalums
fondnd loToAuanaied1939a57 taziIf reducing power g

3. nau'lcrﬁcinuﬁ'uﬁz?‘n (Debranching enzyme)

1.) lolwesz luaa (Isoamylase ; glucogen-6-glucanohydrolase) Lflumuhﬁﬁ

sevyaiidlunaduveslnalanu naves luTamnau1da loTxes luiaalideans Taua

v
=

¥

w3 lumsiau innuadosTuse pH 3.0 - 4.0 uagiigaungil 45 — 55°C oulaiviiail
& o o a =54
aunsousn lde iy dad uazgaunsd

2.) Waauud (Pullulanase ; Pullulan 6-glucanohydrolase) Lﬂuxau‘lmﬁﬁﬁﬁ'ﬂ

Wwuszueani-1,6 lnanedan vesyguau tiazez Iy Tamadu uamsiinenssu luauysel

mnunsoes Taele Toez luaa uaziifenssusudu lnalmanld szawisodes1das

nglaaiiinawend 2= 3 v ua liaunsadevsn lang Taa 1 mise eulanilinnuadios

" ¥
pH 4.5 — 5.5 uaziigamyil 50'Ciou lanlylaiing 18 luis dad uazuuaiico

T Wudlsiudnlands iloannudaiudlznduiuntleiindanniiqaly

szimeng wagithudleig Bisindu maudlailonlauasiamumiioags
2.3 MUY [3,12]

marany Huwodusam lsddamaitanulianguramsgligiuumsfamols
nAvY uazadAInaIvsenzEuas utiailu 3 ¥ia A unlih (kappa,K) 1o 1o Gota, i)
HazuAuAT (lambda, A) MIBUNUNG 3 ¥iia  TesatsznsuidniimanianTaniign
worine3 IAdonsadafsafimumisiaz seduandaiu &l

unthhms Wuun afasIn Bucheuma cotonii Tnsaadwilsznon11d0 1,3-linked 3-D-
galactose-4-sulfate U< 1.4-linked 3,6-anhydro-B—D—galactose (ﬁ'agﬂ‘ﬁ 2.6) éﬂuTmnqmm
3,6-anhydro-D-galactose AsUouA MR 2 wnieamne’ Iadsonydammlszana 20-
30% UAZ119AIUYDA 1,4 linked 01011114 galactose-6-sulfate LNV 3,6-anhydro-D-galactose 1Y)
Thmssuusinnuhde TlunmSouiazamsonnagneuitnesnu1anms UL YTABY

18Tae1ld T lupFounanlsa

CHom O
o (<]
o0 \
& °
7
- o
om o

3 2.6 TaseadraundinisSuuu [13]
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loaomm1s1Sunn 4fA9IN Eucheuma spinosum Tn33e313152nouA2w 1,3-linked [3-D-

galactose-4-sulfate 11a¢ 1,4-linked 3,6-anhydro-B-D-galactose-Z-sulfatc (ﬁa;ﬂﬁ 2.7) leToan-

mauuuianu lhasunadoy

40w -

51 2.7 Tnsaadalosemiarsiuuu [13]

uauaIMI LY Tnssadailsenonda 1,3 linked [B-D-galactose-2-sulfate Uae 1,4-

linked [3-D- galactose-2,6-disulfate (A4931) 2.8)

msat iy
g £ 050,
| © | 6
o) Ml 0,
i . | ¥ o : “
\ f 1 \ t / ~
Q¥ o Gy
- i

310 2.8 Tnssrdrauanainisduuu [13]

msunulidnsuzdlundiviesdounaziivuineyna 200 mesh  digungiiya
- . o e ". v =t J ' o
MaouMaI(melting point) 50-70 °C - (A1gUN2.9) muiAvRIATIUUUIIUBYT U TEYAY
vownyFaniaieg lulmanailludnguazduandianuluasInuuudazyiiadndio a1
b "
Suunazawlddhnihdeunasiinnunsdmmanuiunsa-aegind 7 Hawnuiunse-
AN 7 AnuAIAlszanal msTmuuasotlgaseiuTUsauld dmsvundihuag
[ b
Tosammsuuuiimunia lumsiianadensituuuegluglasazarslnineiilasads
ety 1 - d o a 1 1
Whueno Taf Lifluszifioy (random coil)  vaziBuiavziia Tassadruilumolandeoog
ar { 4 3 d - an
( double helices ) (W31 2.10) ivldvuiBunsezifaiiulnssads ia Taowedwesudas
L) Yo a ﬂ & 2 . . £ A o F1
muvzs At Indnu uazifaiiugadon e (junction point) Fuioin1zs WAUMINTUIE
o Vv a d o A a o = 1
imlmiAansudsduiuna uazidlednuinalamsifawavesuuduunlihmsSuuu wodee

v ¥
INAR[TUCANDUNYN 'Huﬂﬂulﬁﬂlﬂuitﬁxﬂﬂulﬂﬂlﬂ'ﬂ 1I1mﬂuﬂﬂﬂ'l%tlﬂﬂﬂ;]ﬂ'iﬂ'l‘ixﬂ']'l\‘l
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undihasRuuuduTydsan wazTdsaunuTilsau 'I.u'éfuﬂﬂuqﬂﬁwuﬂﬂlhm'i‘r‘ﬁuuun:
s lfidalaseade uazanunivifieveusa @aglit 2.11) uazmsAnuwaves
gungiilumaAni§Aso15ening casein micelles uazlossmmsrduuuluuumyiuile
amgivesmsazatouudniigunginaifa coil-helix dera il §Asnssniamoves

loooaa1s19unu 1y helical form 1138 UNY casein micelles 18

31N 2.9 AnuMEVOIHINTIIVIUY [13]

rods in
solution

dispersed
aggregales

precipitate

LHdel

gel

31 2.10 maiiaTassadrunden (helix) lumsSuuu (14

(a) (b) (c)

7N 2.11 nalnmsifawavesuuiuualihnsBuuu ) wiu lusauazaeTan hidy
524161 (random coil) YoIMIuUU lumsazay; () maial§isuvoundu

Turadumstuuy ;) Mamsadiusaninaisduuy [14]



30

2 ~ P =} wa ~ a 9y 9 9/
pmamaSsuarnatsduunliquanddidaounduliutlddtoaruisu
(thermoreversiblegel) wazmuiramalfnsorduldsauld TasunliharsRuuulfnahni

¥ 9
anyuzilig uandie LasINANITUENAIYDIT (syneresis) NISHeNAIvesazlUTIM

v Y
o R

S o ' a o aa
Wndumuszeznamanusne duwaninnsiamwedwes lulasseadie 3 48 veuvana
F4 ¥y v
dudhladdumaduildirfegluswungnivesnuduuenveusa uazwuindenay
E4
TaAadusuduuatthmsuuussrisaamsusndrveniweswsnadld uagms Iynswdu
d 1 by oA A :g L < &~ L 1 9/
patlihmsunusssieTinaiifedulianuudwswazanuganguunanims lguatliem
L [ ' = L) o ) 3y A A U 1Ta
s uuufisasdiuded wavdminlossmnisiuuuldnaninnutanduuas lifans
¥
wendavesti1 dmsunanmmsiouuu iflauidlumsfans  msdnlanzdoousziinane
mstnana 15y uatihmsdnun dHewu Iiluamdondeeu (K') sziamaninnuangy ua

Y A ~ a 2+ o = d’l 3 o Y a 91 £ @ 9 a
duauunadoudoou (Ca™) snfananiifondaih ldinaginseldie deasaiuduiulose

]
ey &

4 a =t A a - T <1 a @
masuuY Weduunadondesuszifawaiinimdangy udu guauidndvyuem

a

SIVUUY LAAIAIANTIN 2.7 [14]

d‘ A QI 4 1 =
A1319N 2.7 L'flﬁEJ‘IJL'VIEJ‘Uﬂﬂlﬁllﬂﬂ‘tlﬂﬁﬂﬁ'lmmutm@i&"ﬁuﬂ {12]

AUANLF watih lalasin UANAY
119aLant
&ﬁgfuﬂ@fi 80°C arang avant azan
i'iﬂqrwuqﬂ 20°C aratvlusisacaty arenglusiiazaty  arane

ndela@ny nfa A
uNgosi 80°C a:ang azaY arag
UNAMNH 80°C laiazane liazars Wignrouzdu
AAZANEINAA 50%  Bsa 1o Lig:ann ALaNY
ANTALRIBINAD 10% Tazant ArAEBUs Tau asatTUsiau
msfiaas
GIoIEr fubungduadesu  Auuasidaudaau Lilfiaiea
ANBULIDAUSE Wiy ummng fiaveu Tdifsian
T T T Fansuandarasn  Lifansuanda Liiansusnso
Y04t 0311
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a d
2.4 WOANDINAN (Polymer Blend) [15]
= a s a d o VA ° o 1
Tusdniimduniizvineawesyina Inumensvausinisth ¥l Tertimmiznig ua
o v o I's - o a d o 1 § v o
Tuilsgtwindnnnaas laFulinsihmefwessiladie o Aleguiiniswauununis

]
AV W

s s a A ) ¥ o o & ° a
dunsziwedeisiialva uazfiuiniinduluFoves wedweswan Fmmedanisimed
o"a’z’ [ ~ dgl o :/I :::ld s 9 @ M
wesawadowialu llumaudunsiiidsy Temivaeilszmsdieiude
{ [ a L4 a d a '
- wan@esilynivennugiennnmsdunsiziweameiviia lnl
' a a o t & . 4
- lidesnsnundawedwes lniierh T 144s: Temimmiznia
o ~ o wa | T =Y o ¥ o a o
- nsmbhwelwesnilanfnuuaazslauwaniu @y nsiInedesHey

o o A oA = 9 @ & o & ]
‘U@\3“’]ﬂﬁjllWﬂ'lﬁﬁﬂ“]NiJﬂ'NNLﬂi'lgLlﬁzﬂﬂﬁ’]uﬂuV\Tulﬁﬂﬂi&’/u'ﬂﬂqﬂqq ﬂ‘UﬂmﬁTmuﬂim"ln

lnd‘d v

1o 3 o . 4 a o a s o
Wazualanuud i (Stiffness) ol lanodmes IMUNNauAs WV N0 AT N11LN
& ] wva =y 4 v o Py 4 (Y Y| ]
Hay Feazuanannnnautfveswedwesuaniiuiwansu Tnstiusgiuiladeais 9 wu
wa Y] = A 1 (V2N a o d'
annzlumswan auiianms lva daugine sellnadeaudaveswedwoinauh lduazms
o =y 4
1 1) 19 uvsanedes Haumua a3
2.4.1 MIMUITHAVBINOANO T
a o 1 = ~
WOAMBINAUATLITOUISRenNU 2 Yszinnhe
o o < dsl’ = A = a Jal o =
2.4.1.1 WoalosWauT Uil aife (Miscible blend) Mu1eDIWOA BT NYM AT
) y . = @ a o
A NNanIaluNITazme (Solubility parameter,d) IndiRusdudunalinedwasnay
=1 4’!‘ =
syuluiome?
a 4 1] 3 d’l =3 iy a Y
2.4.1.2 weawesway lusutuiions) (mmiscible blend) a115005110 1d310
o =y I'd
gumInames 1y launiind
A Gmix & A Hm)x- TA Smix
We A Gap wawudaseAud
A Hae nrsuldsuwlaseuiail lumsway
A sao msulasuuaveun Insilluniswey
o ow I'd
T Ao gaunNduysal
A a o =] [ = oy Y 3
tiesninnedeidauanmilu luanavuialva (Macromolecule) Wi miin Tuanagaiiu
aungildlmmslasualaaenInsilumswandr dousmsdounasiousiatlums

o o

o 1o ar 3 o ' o a = J a0 '
wasinfiautluuan dnjuhldamdnusasziudvesnedwasnaniinminahguiiiuwg

1 b4
~ o @ A

Y = 4 1 I~] dy = A v 9 o 4 gy
MWwodiweswau lusrnihuilodes nienaralainedwes Miwnauiuiiniyey
ANUAINTD IUNTATa18(Solubility parameter, O) @19AUNN oRNTANAIBIRYTZNB YYD

a ¢ dy v 4 A A ' & o a P
wodweswaud lismiluileRer ensowsldifly 2 Sgnn Aewedwesilussniszney

o = o 1 o o i a o o4 v
vidnvasnedweinauisond 3pmanan (Matrix phase) drunoawesnitlussdysznsuaiu
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e/

9 = 1 o . & A 4 Y Yy 9
WeoiTonin 39n1AN3g91¢ (Dispersed phase) TIAINIT0MIAUAT I FUTIUINGN Iae1dndas
daa 1 . .
AN IAUBANATOULVUADINTIA(Scanning Electron Microscope)
2.4.2 anuansalumsenmuld
= T =N 'd 1 1 o a o Y Y [ dy =
ﬂ'\ﬂﬂ’liﬁﬂ‘hlWWU’JWWGﬁmﬂiNﬂNﬁ’JuﬁlHﬂJLﬂNLLUUWE]m}JE)iNﬁlmllll5’Jmﬂuluﬂlﬂﬂ’)

= g 9/ o I o Y 1 s ;
wﬂuwaiﬂwaamaiwaumamwammu

= e R a d’dy a v [ d‘ 124
- MﬁiJ‘]Jﬁﬂ']iﬂﬂﬁﬂ‘ﬂwuw’)i&’ﬁ’)N’J;]ﬂ'lﬂ‘V]lliJﬂ

1

- fmenufeidNnuE E e ignIn (nterfacial tension) 4

- Tdugminer(Morphology) 71 hitaesvazriunszuirumsulsgy)

9 v A a zg :I/ ° Y A oA b4 Vv '
ndeunnsosimadutiui bmininemansiaauaulelunisud ludounnses

14 i1 y
waniy Tasiimsiiensdaenay (Compatibiliser) 31 lfifemuaNNaIsolumsdiuld

Q

ST 9 ' Q2 A d'dy a 1 [ ° £y =y
(Compatibility) ttazliwalumssigaanuaamINNUHIsTnINGDLIgmMa M lvinedwes
naulidaguinefadesvasunssuaumansgd 13gn1ansgeny (Dispersed phase) il

< o =Y ey QL A Ady a t o ngl 24 aa o ° Y o
yuaan wazmindantianistaaai N5z I INAYY F335MsNaunsoi lined
'3 =Y Y o 914:3 v [ At A
wosnauianutniy laavu wusoeniilu 2 F5a0
= 1 a 4 [}

2.42.1 Non-reactive Blending fom3sauassionauasiunedwosnauuyyly
~ Aan o’/’ dy 1 a ) =} 9 -~ A @ = A o 7
fial §Ase1 Matlassrenaunlaaisigas Ingaas nnmilouiuwediues N Neauiy

4 a 4 o o W 3 a a a A’f t {
o 19iAAn19:A 829 (Entanglement) NUAHNIANIAOIVOINORINDIHEY AIUUTIHIOWANT
=Y PN a Al A A | = o T < o
Houldae wedwes T Felivawrsiafeowedwessauuuy lauden uuulasuden uuu

d A v
AN NIUUUFY
3 =a A a ] o o
2422 Reactive Blending \WU3sMsMANaTTIoNaua IUNORIUBIHANIUYY

=)

a (aaa 4 a ¢ o < vel o (aaa = o
MalgAsouilesnwedweiiwwauiuingnieslhlumsinlgasoualvaeinswey
A o qYa s a ¢ a A q YA 1o o |maa A o a o
wsomldifamsnsiiinedwessianilalding e hlumsinlgasvimiinunedweson

o 4

YHlAnT
o 1 =] a 9 w EY a 4 1 ] '
muavasHsnmudunmsmyanuaisalumsidndu ldveswedwesway ualily

o =N o o 4 t Y ) ~ [ a ' [

msildnedwesnausanduilode) HoannmsTIHTLiinI TG B9RITENINIRNIA
a Jd ° ¥ = | 3 A 3 o sldzg o v a [ ~t
yaswedweiNauiminmulsuiluasmuveunidosigainliayy M ldnedawesnaul
mstaAaszraeignin Mildigaanszaeiinsnszniedand uazlivuievesigmanszee

=g '
manvaziunTzyINmMsulsgl
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2.5 wodatehaunsinunadnuenlanse (Polyethylene grafted maleic anhydride,

PE-g-MA) [16]

wodeRduiunilalunedwesifenldiuedraumsnats uatiossimunedwe i lil
fﬂﬁma“lﬁlﬁm‘hmsNﬁmmﬁ'u%ﬁqﬁuﬁﬁ-ifaﬁnﬁﬁnﬁ'ﬁe’fmuiaﬁﬂmfimszniuv‘i’uﬁu'lﬁﬁ
uransoiimsudly 13 Taonmsiuassnyiiaas iteivauianisdaiu 1ddmsulu
miteiiveims@EumsThaeud @il 2268 (Fusabond MB 226D 1iua1seonay ¥
g fidunedeRauaummiudrensfurasnueu laase (PE-g-MA : Polyethylene
grafted Maleic anhydride) iTassard1adagildi 2.12 Taswadnuenleasiensiinediofiay
Humisaenanedmediadosudr  seseiii¥emianiuaiiB o nd (physicochemical
propenies)ﬁﬂi‘fu Taomstiuarudiuiveamedifiay uazamimunsalumsdaa wuih

wou'leasriludaufiinanisieuloaszifaduasnsernuuilsuaznis Suuuii g

¥ v ¥ []
Ao lumsidnu ldvesensisaeytialiiunniu uaaadegli 2.13

g 2.2 Tassaframamniiveawsdiofidunsiuuasoueuleasiu (17]

Peolyclefin

Fusabond HG « Metals
(OH surface)

HgN - Nylon

0 HO - EVOH
s} HO - Minerals

U 2.13 msihouveawedeiaunsiiviadnueulease [18]
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=) d . .
2.6 WA 151ye3 (Plasticizer) [19,20]
o~ o [] A = &
WaaA lses s rrafnaNNmNITo Tums Iauuunaadn (Plastic flow) ¥4A15 1va
a @ 4 " { A
upuwaadn et M3 luavesiaafideserdeanuduniousadoshgavuraniiann
o vV _ w u,/l & 9 A 9 A A o Yo a :syd ] .
nsgirodaguiu Fnnumduniouswwuadseiganhi i iaanans naiiGondt Yield
value
Al (Y4 A d
2.6.1 wWanad ez naian lsises (Plasticization and Plasticizers)
Py @ Y=} o o P d =
waafd lasdy vuieds nssudsuTenssuiumsimlinedwesinans lvauuy
=S A o 1 = o o o
watadan age19ild lasmsldanuiounsemslanarad lywes lnswaiad luweiay 1y
- ] a do q Y A ¢ 4  dAyyw 3 ¥ a ¢
anuseRsgasz s Tuenaveswedme i liwedwesindeud laundudiuwa liwedwes
1 Y o [ [ J ;& a o = 4
soudazildougdieldiedn  Fnszoumswasnardd o sidn 1 lunedwes
1t (man oA a é’ ¥ =y o A o = ] a Qs
Tae Tt gAsouaiifaduszniimaad lawosuazwedwesiFonh natailvwsunigwen
~ a o A X a Jd
(External  plasticization) o (3onnarad lawes nuavas1din warad lswesniguen
w A £ = d a t.:y 1 Y a d = =
(External plasticizer) Fananas 103 siiailozgroinedmesinants lnauvunaradnlag
o o =3 a 1Y 3 a d 1 a
$1119M 5NNy VeAVDINANERA M FUNeUen Ao an1Ta Iinedes InNNBUA)
£ & )4 9 kY @ a = a P
HeensounaaNudoams lums 1991 19 laensUsustiatasdSswewaiad laseasn
1 13 A a o @ = @
Tdasly udniigadon Ao warad lnaesiilforsgnanasensinnedwesla  Tasialiuds
a o g A a A A w ° 9
waad laes mouemiuvsunadfiigawongs anuduled szmeein azaieldly
o 4 ~ = =3 o 4 1 =~ =Y
wolilwes wazlguugil T, Ussnamialndifies -50 °C deamsauus 1Aty 2 ¥ia fe
a) d a a d =
wa1ad lmvesuiiosanienarad lyvesgugil (True plasticizer or primary plasticizer) Uag
a; 7 A d A = = o
warai lvivesiasun oW e lyiwesniegil (Secondary plasticizer) lagwanad laiwos

Y a 3 o .ﬂ' = @ W a = atg Yt ald' 9)
wivsseninsadudluiiefernuiunefmeingaunivuzlldn awnsoldden 18 uay

Q) UG

=

' ay a o P a ¢ a 9 13'
Tiiduesnu1nnnodwes luvazhwaiad lvwesiasulianuainisalumsduiwile
= s o ‘N Yo o < 1 9 o ar 9 9 9 Y a d Y a
Werunodmes Waida T¢luaunsaldmudwield deeldningiunaiad luweosuiosa

[ P s oa = d a y - ¢ A o
uaztauasulsy@niomvesnarad luyesuiess ueanintimsldnarad lawesiasuds
1 9 a o uaa' =Y Y
FwanduunTInaauas iyl jeauiaoy 9 veawedwesay

¥ a o a o 4 o a o

enmad lmaosgniduas ) ulassadranefmesud i IfifaasdsznoumFadon

A o 1 A = v R w a oY [y '3
wianssunguuesluana tilesninnmad lawes ldiubaduwedmesarowuss Taraud

= a o ] 1 a St a as 1
WA (secondary covalent) H11Mussszdn luanavesay lwodmeiheglndinvsiusou

a A 1 s 1 = 4 { a
a4 Halnseadanesudl dammanad lawesniely (ntemal plasticizeniiuaisfimnasl)

o Y

A oy 1 a a o asex = 4
udwhmihaduassonaulumsinaneduwes(copolymerization) autiAvosnaad lawsosn

a Y ‘ﬂ d:’ = @ a SAq o = v 0’: Y R o
adossamiluiie@uriunedwesnly Tasiiusssznieluagavesmsnsaesendionieiy
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= A v o d‘ YV Y= dy 4 g a 1] a
figaiRoage szmonn azatgludidiazateiild ldausnanillinsia nau se Tududy
e =a P wa ] s t = s ]
waz bida W 81 1dwarad e s AN autiamuzauszyetleaiu liliinansuondiszning
msmandus uds waradnii ldazlidnyazneneamiia awrsonmuanudangu
aaeams tFunaad e smiunlgfunaraannnutldivaisdszinn 1dun weus'la
~ [~ o o o e A Y4 a s a a a
uazTod Inugnailsda  wodooauasananIoeyWugueaianedooa (Polyols) WoR 18A3N
4 Y4 :’ & [ Mo A I'd :isl : =Y a
ueanvesaliuoyRutveuhnadinyd launidan ledgnunuidionylansenda wodoo
=Y :, Ao I [} o a
avayiianyluiiwalsl Teomuizwinfiiasuey 6 oznon UL N VSoAIMITONAR
9
vnUfnsendnleTasmuldduiinia (aydrogenatiomwedesaliauiianimuasmisniiney
v Y2 1 @ 1 o 3’ =4 d’l 9y oy Y Y ’
anudou 1dave bigaedidie gadutiwazifiuaudulad aza1ninld sannuidsend
2 A 2 Jduyy =2 Yo Y 1:_41 Y o
s iflesnngngadunitlddunnisaunsalddududulsmuivnuldnfiveses
= a Ao o« ot
(Glycerol) NnIondaTy (Glycerine) uwedesaniinisuou 3 szasy uqmﬂﬂsm?n C, H,
=% :’ ) [~ ~ ] = EZ-Y a
o, ihminTwana 92 diuwawaseldnnniswaaauaznsa ludiu Tauidduve unadii
=% v :‘ 3 4 = [ .Y Dy =
ANUNIA HIanY 0.6 e uhwaaTenauua@etuiiwazueanosod 19a
[ ¥ 1
nn iluashazaieiiiddueaunls ganwdusinermaldunasisssadrluens

HaRIRagn 2.14

OH

Ho\/K/OH

sifi 2.14 Tnseadwusendiwesea [21]

2.7 wadlenau (Polyethylene ,PE) [22,23,24]
2.71 Wﬂﬁlﬂﬁﬁﬂﬁﬁﬂﬂ‘ﬂﬂﬂumﬂuﬁh (Low density polyethylene)
wedtefiduriaanuvunniudr Whudianaradnnedendvriausniinn 1 iumsé
Surdandausnludl a.a. 1930 fiszinAsanqy Tagu39m Imperial Chemical Industries (ICI)
Taofinszuauntswanuazdnuais Taowa l1lveq LDPE §afi Ao
- mwﬁ'um%’“!umiwﬁﬂqwm Uszuias 1,000 — 3,000 USTEINIA (15,000 —
45,000 psi)
- ennlgasemedwe lsirduruna lnoyyadas: Taslioansiaunienles
oon ladifudi3isy hliiRalsnesaunn Fe 15 Taomnidumisaiame

14 '
fuq) 1 toflanTedanaduinvinna In Intramolecular backbiting
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- gungdnldlulgAsemedue lsiwdu fe 200 - 400 °C

- ﬁm1wu1uﬁu0§j"lwﬁ’n§m¢i 091 3093 nfuregRLIARIUAIAT M3
ﬂszmsﬁ’wmfmﬁ'ﬂumqan"a’w waziinefeaunelu Tuangaun

- Twanaves LDPE fmelendndumiveudifindnfvsesmiveudin
ezaeuAnfume Tondnetdus uag Tnseadrevesms ]y LDPE uansfegili

2.15

31 2.15 Tassedevesae TawedeiausiinnuvuwUud1 (LDPE) [24]

auiiaTaeialilueaweseRauriinnanamuiniue (LDPE) sidsro i

- Saommuiy uagyavoommah deifsusunefiefiiuarumunniugs

- Sanuiuwindr dszanas 50 70%

- im3 Inad i He1 Melt Flow Index 8¢ 1429 0.1 - 10.9 g/10 w1l

- TMANULYTINTZUNN (Impact strength) ANBANAS

_finsdusuveslethiia mnsdmiuanuildiduussysast

- 8uii 18910 LDPE sxdanuilueniud (High Gloss)  Taamuiluthén

(Low Haze)uﬁztfluﬂu'm"h\lﬂ‘lﬁﬁﬂu‘l’ll‘lﬁﬁ (Good Dielectric property)
wodteRauauviudinsldesnaninenumszismliune Sanguld nu

MUNIN UASNUABTITIANNIAUAZAI ﬁnﬁ"qﬁmﬂigﬂ‘lﬁ'&m dlununldedduns lifias
fufuflusunsiedesumeuyud Tanuounsalumsiuusanszunn uazdamubangu
LDPE gnmmﬁugﬂ;ﬂuma #iuvienM1s uazveuauANY uazgas Insead1sTuana LDPE
ieaedegii 2.16



37

I_?_I
I—O—I

n

Ui 216 gasTassadnTuanavesnedeiausiianiuvuiuiud [25]

71319914 ve3 LDPE luifogiiu
LDPE aunsad1 ) dalsanmilundasagiaiee wu
14
Auamnsssasiiauassnunfey (Laminate) viateqdu 1y Rauvaiy (Shrink
A dy
Wrap) ¥58gefidaamsanulauing
~TUR AUV (Injection Moulding)
-89 19U WaudaTAT13(Coextrusion) 1143 AN (Pipe Extrusion) 11uiadovae’ly

uaziAtia(Wire and Cable Coating)

2.7.2 noRleRauwlanMIHUAITUdY (Linear low density polyethylene ;
LLDPE)

wodloRdusiaaNuuIiud T udunaainnszaunsneawe lswsmndinasy
HUNN(Ziegler-Natta)w3oituuiad i enitlips) Ine49a st lunszuaunsnaaiinsldln
YoUBMBF1WIN 1-alkene (HU 1-butene (ﬁuu“l%’mnn’imazﬂmgn) 1-hexene 1-octene %30
4-methylpentene 84’ lsznaidouas 10 MIHmeTgasusuduBadufinedwesndn
sutumedefuriannumnmindiFuduiadiunedwefFuduiiisnnulsnaiosnd
wazdnuazusfcrzdunimedeiaunumumtiudr vensniiselinaniliany
aduauevesTuanauazariluninanas aulfTaei: luadronediefd usianau
miiud Taefiasnmunivedlugag 0.915-0.925 glem®uafinamudws snnndfailon

1 lunswiafldy uaziilnseadrevesaelaidegiin 2.17

ST W
:4) Hﬂ‘a’" —-f}&.l \

4

41 2.17 Taseadravesme Tdwede it uriianunuuniuduFudu (LLDPE) [24]
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\ 4‘! =y d| . .
2.8 TMSIaMStdsuaMunataani lan (P-life Degradable Plastic) [26,27]

~ T 4 [ iy a aw A o}

#i'lad (p-life) WuFomamsiaesmaisamaiouaniwnarafnvesuTini laddseme
ansyouwin Taedlumalulagiimssndniiasmiu US PatNo.6,482,872 “Process for
Manufacturing a Biodegradable Polymeric Composite” (Qs@17 Lam!&idﬁvlaﬂ(P-life) Fuans

a a 1 9} 9 aw a d ar 1 9/
HaugATmWIzRaTaiiamsgesaaisla lavdszneudle TansniuGdundudus 14
1AAY58100nFIATU(Pro-oxidant  catalysts) tazouldduned loadu 19u wodiondu

~ oy & = 4 U : v A A 1 LY [ n’l‘ =<2 A
wod Iwsnau esnnnedwesnquil Idesaaensonansdosaais 1dduin daiuved
= o a ey = 4 1w ] 1 aaa
mswua s lofadliluwedTedaWuiios 1-3%  1ile1598asINIseosda oMU 0
=N ar Yy d é’ Y] de 'y Y a 1 =4 4? & 3 =
gandAtY 1as 2 umenaImsneteh liinamseesaaieE iy Fevunsumsidoanin
[ ) a . 3 @ Y
YBT3 IMIFBUAATINWAIARN(P-life Degradable Plastic) 1lunail
o’a’ Py a v ) anan =Y ) = an o a oA o
TJupaunl Namsdesamedivilfnseisendiady laowed loaWunims@un law
/1 a o =Y a anan = Y o ~ o
dioneuaserinag anuseunazMmapondinu wwnalfnsoeondindu Miildimanisdana
1 a o AW YA g, @ Y A o 7Y = ' I'd
voeme Isnofweinah lane Wimin luanaasawaz ldnaasaand1ufos isu nsamsuen
Fan
3 A =y 1 A =34 a a o ed ey :} o P
Tupaun2 Mamsgesaats laegaunsgmeluay laswedwosnliminluanah
9 o an = as q’/’ ot v 1 a = o a o9 ¥ ¥
1andgnsneendinsuaindunoui 1 szgniesaaienalasgaunidlusssumanile ia
[+ o ' °y =
Maasuaulaeen laa 17 wazuiadnm
H U 4" v
auszneunazandfiioanis
a0 lanzvoania ludu(Metal Salt of Fatty Acid) 50-70%
TanzAven (Rare Earth Compound) 10-20%
-ﬁﬁﬂﬁﬂﬁu(Lubricant) 10-20%
et o @ lllg)l

1 (-7 é = o
Adrmumsiusesain FpA ssanseldidundasusindudaduonmns

-ganauma(Meling Point) 80-95 °C
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2.9 vidnmsveansesiienannazmsvugUNlFluauidy
2.9.1 1n3090AIAUVUINDYINUOUE (Twin screw extruder) [28]
A - & A Aa o a o
wiesdaiataliuniesiiefiflyadszaednarnnatelunszuaumsuisgnedwes
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3.1 Mstaan Iy

a o = ] 4; s o a W oad
1. WoRPNAUFLANNUHU MU UM (LDPE) insadasadmsunhay (LD1905F) 210
158" SCG Chemical 3190 (UVFY) ANTARWIZUBINOALDNAUATUHUULHUA

UEAAIAINITIAN 3.1

M3197 3.1 quiifvesnedenausiaanuruud1n 19 luaniee [46]

Properties Test Method LD1905F 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 g/em’
Melting Point ASTM D 2117 110 °C
Vicat Softening Point ASTM D 1525 92 c
Brittleness Temperature ASTM D 746 <-70 Iq

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% R
ASTM D 882 MD:1700%*, TD:1900* kg/cm

Secant

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

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

Joyannusungnin



2. WoaPNAUFIAANUMUNIUUGUTUFY (LLDPE) 9101U5HM ExxonMobil

AU ARNIZUDINOBPNAUFTAA NN U MU UANTUFULTAIAIAIT1N 3.2

95190 3.2 auliAveanedenausiaanuninuuudnsudun ldluauise [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 g/em’
Melting Point ASTM D 2117 119 Ko
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 %

CY

WIeIme oyanINUSENgWas

3. utlsdnlzndeguangs sansnnnuTev aasiiann $ia

Tagauiiavasutlaiud e ndaanafanisrh 3.3

d’ ey o Q L
139N 3.3 anumamﬂmumﬂxﬂm

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

WalEmeg  JoyanIns
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4. 4l 31uUUUNING 1N5ABIMI(food grade) MINUTEN 1oW 18 (Wares 1ia

Tagaulinueanti a1 RUUUIEAAIAINITIN 3.4

M13197 3.4 auifvesuailins iy [48]

Properties Units Kappa Carrageenan
Particle size pm Less than 250
pH (1% solution) - 7-10

Loss on Drying -

Not more than 14%

WINEING  YoYaVINUTHNANGR

5. A15%8WAY (Fusabond” E MB 226DY), based on LDPE (013AM3f1910USE%N Dow

chemical 3190 TagaNIAVDIAITHIHAULAAIAINITIN 3.5

15199 3.5 auRvoIMIT¥IeNaY [49]

Properties Test Method Units MB226DY
Melt flow rate ASTM D1238 | g/10 min 1.5
Density ASTM D1505 |  g/em’ 0.93
Melting point ASTM D3418 IC 122

WEIHg  YoyavInUSEngkds

6. NAFDIOA INTANITAT 1INV TN Thai Pure Science Ltd. lasauiifvuosniaosoaudag
A9 A15199 3.6

ﬂﬁN‘ﬁ 3.6 aulAvINAIYDI oA [20]

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

HEsne  JoyannUSTngnan



7. NTSIMIFONAMNNAAANYULIY (P-life Degradable Plastic Masterbatch Type:

NA207- 66PL-10) 31AL5HN BehnMeyer Chemical 319 Iagautinvuod1559n13

Y = o o Py
dWauamwwaradndudu@ Tan) uanafansnan 3.7

M990 3.7 auliAvesaIs M sNanIWNaIa@an [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%

Wineme  YoyaaNUIHndwan
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v v
8. 1uws iy vnuSEned Inensddesu $1da TasauiiGvosinium s luuaasg

A15197 3.8

T 9
M99 3.8 aviavestiiumwsdlu [51]

Properties Units Paraffin Oil
Specific Gravity = 0.88
Density g/cm3 0.86
Melting Point X% 47-64
Viscosity Pa.s 110-125

CY

weHe)  JoyavINUSHMANAR
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3.2 1n509iaN 1% Uiy

1. m?mé’ﬂ?wﬁﬂmﬁmwuaud (Twin screw extruder): Lab Tech Engineering Co.,Ltd.i:u
LTE- 26-40

2. m?mﬁmﬁﬂwa 19N (Mini Pelletier) : Lab Tech Engineering Company Co.,Ltd i: U LZ-80

3. g’f@‘u (Oven) : JJScienclab Co.,Ltd.i: U Basic:Memmert

4. Lﬂéﬂﬂlﬁ"lﬂﬁ’u (Blow film extruder):Lab Tech Engineering Company Co.,Ltd. 5: U Type LF
400

5. Lﬂé@ﬂ%ﬂﬂ?WNﬂHTﬂﬁN (Digimatic micrometer): Mitutoyo i 1% MDC 25P]

6. Lﬂ?’t‘N Wer :Jmmﬁnq 3 (High speed mixer): Lab Tech Engineering Company Co.,Ltd.i: U
Model 3000

7. Lﬂém‘ﬂﬂﬁ U ﬁﬁmamm%’au( Differential Scanning Calorimeter:DSC):Mettler-Toledo
Co.,Ltd 4 DSC 822

8. Lﬂ?’e]\mﬂﬁ puUoILN Iz AR (Universal Testing Machine) : Lloyd Instrument Co.,Ltd.i; U
LRSK

9. m%‘mmaauﬁ'ﬂfﬁmﬁmaﬂwa (Melt Flow Rate Tester) : CEAST ‘;:‘Ll 6841

10. ndaadaimin nediow 4 dumnis

11. Nd099aNTIAIBIANATOULUUADINTIA (Scanning Electron Microscope : SEM) : 34 LEO
1455 VP : LEO Ltd.

12.1 ﬂ?mma%"3mswﬁmiﬂﬂﬂﬁuﬁ"ﬂﬁﬁumnm (Fourier Transform Infrared Spectroscopy :
FTIR) : Perkin Elmer JU FTIR spectrum GX

13. m’%"mm ’J’ﬂﬁq %ﬁlﬂﬂﬁ'ﬂyﬂf X-ray Diffractrometer (XRD) : XRD ij: 1 D8 Advance

14, é’amm adans1 1 loen USEN Labtech Engineering Co.Ltd. (Hg-lamp contain mercury ):
Philips TUV PL-S, 9 Watt

15. ndeeganssmizilauas (Dino Lite Digital Microscope) 31 AM311
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o o a ~ { =) o o 4 o o
3.3.1.3 Vudlanedweswayi 18 leuiigamgil 105 °c dunan 1 $2Tue iefda
§ ° ! ' 4 3 ooy o S
anuduudniunldludmiloumiHopper) vounsouthiavudvhnsiugl
a o U 3 ~ 1
Wavudronszuaumsahvu gl Blown-film extrusion) lagan1izildlumsith

4 o o
"uug‘ﬂ HEAIANAN1T 19N 3.11

$ @ 1 ' ~ a 4
91151\1‘?] 3.9 amwmummmﬁmmﬂumsm?&uweammmeqm

awilszneu 1S1au(phr)
PE/TPS/KO PE/TPS/K3 PE/TPS/K5 PE/TPS/K7 PE/TPS/K9
qns
PE* 100 100 100 100 100
utlaiudlends 70 70 70 70 70
NAILDTOR 31.5 315 315 315 31.5

(45%voautlatiu

dnlenas)
MIHIOWAN 9 9 9 9 9
Vs 4 4 4 4 4
unttharsBuun 0 3 5 7 9

MINYe PE* fio LDPE wrwfiy LLDPE Tnauld8astdaunaussnine LDPE:LLDPE 1y 70:30
) J a g
TPS A0 (NB3 IUNATANARA 15

K feouadthastuuuidSinusigg

4 P a ¢ 4 o = = 1
e 3.10 anzildlunisnaunefweswaudiunisidaseyiinndorvuous

qns Nl 'C) ANMSITOVAN]
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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Ny 1 4 o ¢
é’amﬂ%’mtﬂﬁugﬂﬂau (Blown film extruder)

ga3 qaungi (C) Ans? amnsiseu
Die H4 H3 H2 H1 JOUAN] Tumssgnnds
(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 6.2
PE/TPSK7 | 167 170 165 160 155 130 6.2
PE/TPS/K9 | 167 170 165 160 155 130 6.2

o @ e § d v o @ g a
33.14 Vl'lﬂ'ﬁﬁﬁlﬂﬁ’dﬂJ'lJﬂWNﬂ']EJﬂ'IWLﬁ?NC?I}u‘U’ENWﬁﬂJ 1541 ’3 IARIUH U ﬁQLﬂﬁWAHN'J

ay W £ a d 4 ' 1 4 v a
vasay anwannsalumsithiugiiluilduingddesdrsdedioalaglifa

v
M591A uaznaTeuTNTABInalosdy 1wy Manuudiuseds o wiuusigega

"o o ] ¢ d A 3 v S A A ¢
ﬂ']U\nJﬂﬁ]ﬁﬁLlal’ﬂ“ﬂﬂil“]ﬂ!ﬂ’ﬁﬂﬂ () fgﬂ‘lnﬂ “Ju@]u PIMNUUEDNWO AU IHNTY

~Na Y wa & e o G ay o A =8
q@ﬁﬂqﬂﬂTﬁNUﬂL%ﬁﬂﬁ LLﬁ$ﬁll'ﬂS'P'Wl'Nﬂ']FJﬂTW‘VIL‘ﬂNT%ﬁNiu!ﬂﬁUﬂJ’NﬁNlW@i‘]ﬂﬁﬂHT

Tustadle 3.3.2 aeld uazannsaasifhuuwuiemsduiiuanuise 1ddag1i 3.2

utladiudanlznde oun

gaunnil 105 °C, 2 ¥alus

A
NOIHDIDD

wilsiudlendenfiresoa=100:45)

.

)

Wouslura 12 .

(AT BINTNAS AT
- L)
uatthesduuy
Fana¥ianm
(0,3,5,7,9 phr) v .
o o o
LDPE/LLDPE p wes lunaafnaeiy e
AT FIHAY P -
INTDINAUANUS I

A 4

d‘ o A = = v
IBIDATATUANAYINUDUS

v

¥
WU Y
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4 -1
LATDINALUA

auNgungll 105 °C,1 214

A

.
wiputhyugUian

v

a o -~ o
Aauwedmesnay

dunaaudan1an1enm nagey

¥
avifamanaiinadu

A

ns S uams N uRmsau

Lo X A
A iuthauglan

A as z =) a 4 1 :g = o
3 3.2 uwudtuneumImIsuneamesNautazmahuuglddue

=f = d'q ¥ - agd a ad =Y
332  AndfSinamaznavesnareseaniaeundihmissuuulilauneaenauriany
] ; Py ad a v ; s Y Je a d
KUMUUA YN AN AUBHAANURINUUUA T BF UM N aanan13y/uniiha
=}
1Y
Y LY o v 3
nnpsnaasluide 3.2.1 wuinieilamudntseserinduneunisnauns 1z
a P Py v a o Aa ' y d v ° Yy =<
WORNDINADNINANDENNIINTIAIBIA NI TEING wavIathadniies ld lueuisofs

o Y A v & o wvay 9 A ° 9 a ] a 3 1
Llﬁf{;’gﬂ9']ﬂﬂ'JfJlﬂﬁaﬂﬂﬂluﬂ@ﬂiuuﬂ‘lﬂﬂﬂluﬂﬂ ‘V]']Glﬁﬂﬁzuj’l‘lﬂ'ﬁNﬁﬂlluﬁ'lll'liﬂlﬂﬂ"lﬂﬂﬂ']ﬂ

) E
1 =} [

-~ Y o -~ 1 d? Qg o [ v P 4 °
aoiiioy aeludeIdihges Amwsathuglifludanideraeileowaz auysaianhinis
a £y = = wa o = .3 Y A Y a A ]
vy lduatihmstuuuliauiaanudluwara@ninniudie e ldinannudanguinn
d?' S A sldd?l
Yuazansonata laaau
o a 4 A a - = A
3.3.2.1 HINOANOSHANEAS UNVIZAUDIN 3.2.1 (M3 WTamssuuumnzauae 7
o Y 4 ] 4
phr) MiimsAnSunauaznavendeseaiinountihaistuunluiduy
a o a L= [Y = a 1 LY dya
wodwesHau lasiwnlihassuununauiunfwesoalullsuaaiee dsilfe
NALFDIDD 10%, 20%, 30%, 40% 1az50% wonlSvumesuduiminyes uaiih
~ v Yy o S &R yyd ay ‘:l‘] &
sy udwaulididunniuaeia Pngumgiides Wunani2 ¥ lus

o o Y { o [< o o o
3.3.2.2 ouulaiudulznds Agaumgd 105 °C ifhunat 2 52 Tus dhuwaudunieesen
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Tusasrduutlsiudlzvdsdontmesea Wy 100:45 deiie 1 suudnirlil

v A d ) v 4 ' o g
Wﬂﬁﬂ?ﬂlﬂiﬂﬂNﬁﬂﬂ?'lﬁli')q@ﬂﬂﬂﬁﬂ Tﬂﬂi“]ﬁﬂ'ﬂﬂﬁ?i@‘ﬂ 3000 5UABUIN L‘iJ‘L!

=1 :;‘ ° o a ¢ A A 9}3 Qy gld' = 9 [~
130715 UM mﬂuuu1maﬂuwm’cmﬂamﬁwmsﬂu"lﬂmm”l’mqmﬁnwmtﬂu

a1 12 ¥ Tue

U

v ¥
3.3.2.3 haunaui 1d0ndo 3.3.2.1 unz3.3.2.2 wanlfidhdu niTunaunedenay

FUANNMUAUIUUAUTUFU WORBNAUTAA UV UIMUUAT ATFIUNTULUAS

3’ as = Y o 1 Q’I’ A =
iy adly udnhdunauniamue wavaslunseswananusige Tae

3 ' A J o A
l¥am52501 3000 5oUAUIN HUaT 10 W udniveswaun 1@ lnaudae

4 o = ¢ & @ 14 ’ L {
INTRITAIABTANTLIMUDUR BIBATIF IUHAUM I UAAIAINII 190 3.12 1Y

Aq Y ar P 3 = a o ¥ o ¥
ANMZN I IUMIHEY LHAAIAIA1T19N 3.13 MnTUAInDaB s Way TTluduen

) v o =] q v g
wani ldailuiia (pellet) AroinToedaLia

=

d' Qs 1 v A 9 =} o o
M1519% 3.12 Em51mwummammwﬂﬂuiummmUNWﬂatuaiwﬁuqm

aivlszneu U3au(phr)

[(1%] PE/TPS/K7/G10 PE/TPS/K7/G20 PE/TPS/K7/G30 PE/TPS/K7/G40 | PE/TPS/K7/G50
PE* 100 100 100 100 100
utfaiudnlends 70 70 70 70 70
naresoa
-dmfuuile 315 31.5 315 315 315
-dmFumsituuu 0.7 1.4 2.1° 28 ! .y
MIFIHAY 9 9 9 9 9
siums il 4 4 4 4 4
unthlms Buuy 7 7 7 7 7

HUNEYiR

K7 fio undihasduuu 7 phr (A lRnnsneaeslude 3.2.1)

PE* fio LDPE Waiufiy LLDPE laa148a31aumans 19 LDPE:LLDPE u 70:30

o {4 = Y] v A g [~
a-d fin USundeseanidiefandy ludundumsRuuuss 18 10% -50% Tae

b
W MUNVRIMTIMUU AIWEIRY

I
A o o

o o a '3 Ay v ~ =) o [ o
3.3.2.4 ullanedweswaui 1a leungamgi 105 °C iluna 1 42 Tus iWesda
§ o t 1 ' W oy o ° b4
anuu udniunldludrutlouars(Hopper) vounsouthfauudhmsiugl
o v ¥ { v
Wawnedaenszurumsihyugi(Blown-film extrusion) Tasarn1izildlunisith

14 ]
Yugluananananei 3.14
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a 3 4 3§ wa o v {
3.3.2.5 WenwedweiHaugasidimauiianatazaulianismenwimunzayly

wiendlay 1 1ddnu luiade 3.2.3 sl Tasnasananauiianianeninuay

¥
o W as A a

wva a 4 a o 1 e o
avtiadenadosduvesilay wu & Jaanumin dunaiurivesiay
W & & = ' 1 v q T a
anvansalumsdhiugiidluiauurelddesdvaeiiio Tag lufansua uay

wa A 1 ' [ [ 1w @
NAFDUTNUABING (FU ﬂ'lﬂ'ﬂllll‘ll\uﬁ\iﬁﬂ M YATULIIGIGA AENUBAAY LAY

1 -S4 &2 A < Y I [
a1 ilesiduani1snede u gavie Wuau sazeunsoagdduumudens

auniuauIte’ld aesan 3.3

LT

4’ - 9/ = o 9 A o a = 1
139N 3.13 ﬁmazﬂﬂumswauweam’e)swmmammmamwumﬂamwuauq

gas gamaii("C) ANIFITBVAN]
die JF9F | & LN/ A VI 2 | (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

. A =1 o d 4 ' 3
MmN 3.14 anneildmathiugilian fonseuthiugiilay (Blown film extruder)

qn3 UM ILARTUTIN(CC) anusa | anwisseu
Die H4 H3 H2 H1 JOUANg Tumsdia

(rpm) fgﬂnf?:q

(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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uthaiudnlende sun naesea
UM 105 °C, 2 Hrlua uilafudilsndenimesen=100:45)
L | =
naroI0n
=
. uatias iy
(10%,20%,30%,40%,50%
A d
IATBINANATINITIY (7 phr) of K-carrageenan)
&' q” yci a 9y
aane Angungiivies, 12 1. 2 2 ygd QL,,
faa Bfigaungiies, 12 au,
A
M3 Tunaaanaas e uaa s iR
NANNALFOTOA
9/ Y
il waru IRy
o N o
905 IuNaEANANITFHAY
LDPE/LLDPE - Ad =
o wadidhmsuuununawesea
a = o
duwaread lawes
AW ELY ¢
A o
(ATOINANAIINGT I
¥
WunIs Iy
A
4’ o oy = t
1A5 848ATAFIANALIN UBUS
A o o
NTDIAAIIA
i’onﬁqmw.ﬂﬁ 105 °C 1 %313

K]

q Al J oy
wsouthuglldy

:

AduwoAoswary

v

dunnguanienenInLaY

@ a dy 8/
NATDUAUVAUBINALLDIAU

y

= ~ ﬂ'
nudSuandesoantMaizay

AIMTUATTIVUUUG0%)

P a’ 3 =] a J U 42’ = o
3U" 3.3 wrudsdusoumamTsuwe e HauLazmsnhyugUWaug
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¢ °
3.3.3 duljesanumunsalunsgesamepvesilaunadeanyiiannumnuyud /e

agt A Ve oA v & a d a8 v
ONAHTUAANNHRHILUUAUY AW/ !TI’E)STN‘WGTCWIﬂﬁﬂ1§‘l$/!!ﬂ‘lhhﬂ1ilmluu 70|

a \ A a = |
MsANsImsEeNamnwaaan (W la)

0 o ey i o o a a a
3.3.3.1 msdSudpeauniaanuansalumsdesaasvesiauwedeiauriianny

[ ° =Y a =y ] o A o a o
Wu']L!»uuGl'I/Wﬂal@'ﬂau"lﬂlﬂﬂ??uﬂu’llluu@’llﬂﬁl’ﬁu/hﬂ@ﬁIilWﬁTﬁﬂﬂﬁG\Tﬁ‘]f/

untharsSuuuiwS oy ldeinmsnanssduiade 3.3.2 (gasimunzauiiga)

U 4 = B & o !
ArmssamsideuanmnataanlulSuia 1, 3uaz 5 phr FOATIAIUNEAN

= w2 ap o Y o
uazanzlFlumswaunazihiugidaumilousumenanesluride 3.3.2

¥ [
LAZUHUNTNNINATDA 1ABTIN 19 3 ADUEINI oAl IAAeg1N 3.4

uilafulendanaiesea

y

uAlaTIRUUY 7 phrnBITeI 0 30%wW/w

k4

= ss' = < o
fanaPfigumgiideaiiunat 12 42 Tus

4 = I
wes lunataanaaisy

4

unli s RuuURNaun Ao SO

LDPE/LLDPE

A

o - '3 = A
W3 lunarganaas ywauall a5 ung

<t a 4
ﬂawaiam{luwmﬁm"lmmai

v

AT BIVHEY

¥
WU Y

v

4 d
(ATOINAUANUGIY  [¢

P-Life

(1,3 tag 5 phr)

Y

A’ o = = el ¥
ITANOATABUANTYINUDUS)

4 v o
IATDIAALUA

o d

m%’a«ﬂwﬁugﬂﬂau

!

,L pufaMual 105 °C,1 ¥ lue
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Adunedwesway

y

NATRUTNLANIIY

- @ qs/‘ = a Jd T 3 '
31U 3.4 unuEITupoUMsIKIsNNERWD WA NIaM AN RANIN

3.4 IsmInaaey

3.4.1 M3iassiinisvasylva (Melt flow index: MFI) [52]
o @ = 4 ¢ .
wimstanuanselums Inavesnwodwesnaudienied Melt flow indexer 1ag
v
Tdgaunqil 190 °C uazldaimiin 2.16 ATansu srwauwaluniae n5u/10 IRt muuAsgIY

ASTM D 1238

o o = as a .
342 m5Gli’)i]’Jlﬂi13‘}4@3}}’38“/1?111?1miﬂﬂﬂﬁuﬂﬁau‘v‘lﬂiﬂ (Fourier Transform Infrared
Spectroscopy : FTIR) [53]
N 'd = o a [~ a A
MIATIVINTIEHMIMATANITRANAUSTITBUNs UsA (FTIR) lumaiianldlunis
Py r'd » & ar o ] 4
ﬂi]i]’)tﬂ:i1$ﬂﬁ1ﬁuqﬁdﬂ%uﬂlﬂﬂﬁ’1iﬂ’mm\‘i A261AT04 Fourier Transform Infrared Spectroscopy
= Y ] v a7 Y [~ ~ o = A EY 1Y
mswsouategnanaaey Insdandy Ivivuiaan(azden)uaziineazdean 1a uanaui
Y o [ A [ 9 3 ] 3 Y Qy a 1
KBr wanihildadiaasewars ldasiuukunavoenin mntuiihdunaaeuuian 1By
Y S Y = 4 A o o ' v o o
MHIIUEAD UEIVTIPO9IUNVIIYad (Cell holder) tWonMsdavimmyieangduvoas

{19619 NAVARUYII 4,000 — 400 cm

as a ap o 5 .
343 msﬁﬂmﬁmgmamwmwau (Morphological Analysis) [54]
=4 Q v A s a CY [ [ =
ANEIRAYUZNTIAG IR MINTEedl vosuilatudilends uatlhhaisPuuu
dy =S a A ° A ayd o [ 9 a 3 o Ao A
MeluNUAITEINOAENAN  1AgazRINISNABUNANAIBE1IAISTY 9 INNUII AN

dounsFu TWnNgungia) (Cryogenic fracture) A28 luTasinumar (Liquid nitrogen)

QO

d

A’f ° A = Y a a o Y £ o d Y Y o v Aa
vindudimsideurlvesiaunuinusesindiudivesilaudlones udnilldesgnis
a o a o 1 dy =y s 9 9 L4
VFIUNAAMNIUANHN(Fractured  surface) UAZTBIQNUAIVBINAY AIINADIFANTIAL
ad 1 a
B1aNATOUIUVADINT A (Scanning electron microscope:SEM) LazfinyIMsnszefuaifih

4 d o . .
m'sﬁ'uuué’f'gmﬂ?mﬂaWﬁﬁu%umm (Optical Microscope:OM)
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3.4.4 msnaaauauianeanuiou (Thermal properties)
3.4.4.1 AN Differential Scanning Calorimetry : DSC [55]
ihldudedrandnuiardesazanuilunin (%Crystallinity) gavginasuimad

] ) v Vv
WAN (T,) uagganglisuankan (T, ) A201a589 DSC Tasiimssaiminasdszuim s -

¢ onset:

o v Y P ad oy 0 Y w Y v .
10 mg. umﬂﬁmmmqummmmmu -50 C maamﬂmﬂwmmsau (Heatmg rate)

Y

AU 5 °C/min audIgaMglgega Aiv 250 °C

3.4.42 \TNAUA Thermogravimetic Analysis : TGA [56]
o o a [ oy o o <
HIn AN IQuUNQUTUNIIAAIBRA) (Onset temperaturc)yoaWan 11114 Taotaans

#106191)5237% 5 — 10 mg. wazsiunldnnuieungunglisudu 50 °c drwsasimiliany

af

A

$o1 (Heating ratc) 1M1 10 °C/min audsgaungiigega fo 800 °C nwldanizyusseins

a

9/ o 4

vou luTnsou Muwasg1 ASTM E 1131 uaziile lamas Inunsuuds Julwidieyius

=]
fvmma{ Tuunsy (Derivative thermogram) ey DTG

3.4.5 MINATOUANUAITING (Mechanical properties) [57]
3.4.5.1 NMINAADULTIAY (Tensile tests) [57]
< = Y ' » sd o P
NATOUANIMLYULTIAG (Tensile strength) A11BATE (Modulus) Hazi)osihuanI13A
a| o v ¢ w 1
8 21 9Av1A (% Elongation at break) Y99WAUAINLIATTIU ASTM D882 Tavdaflaudroins
= A A A oy A vl “ ) a
WugUamasuAud FamimnualdFuaiuiingue 140 mm. A319 20 mm. TUAANTSAUUD
(15093n5 (Machine Direction : MD) aZNANIAINUINUATOIINS (Transverse Direction : TD)
v Vv ¥ )
AANNAT 10 FU IAANUHUIVDILADLFUIIY 3INTURINITNATOUR AT DINA T
L4 =1 d’ 9 Y] dy
aruntseaen Taetianenlsnaaon aail
9 v
WMINgagaNTULI I (Load cell) 100N
3
FEULTNINVDIAUTUIU (Gauge length) 50 mm.
< .
anuiElumsag (Cross head speed) 500 mm/min
° ! a Y 1 ] . v @
Tagihinmsnaaeuiigumgives ilon1a1A U5 979 (Tensile strength) Aueqgaa

J o ld o 1
(Modulus) tazilesiuan1shata o 9A1A (% Elongation at break) lAe 1150/ 1UIAN

v
[}

A9 18aq

] <] & . F
ANANULVILTIAN (Tensile strength : O) = z
ANoRad (Modulus : E) = aNuUAY (G)ANUATea (€)
L-L
alosiFudmshade o yana { - O]x 100
0
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A & o a2 @ 1
V3] F A9 U5IAEABUIIURNIDYN

P} dy d' Y o Qy o []
A 18 NUNUUINAYBITUIIUAIDY

E4
L f1D 3202521799AA0I9ANAIMNITADATUIIUAIDES (mm.)

9y
A A

L9 32825211930 d049aNnoUiIN15Asai U (mm.)

—— 140 MM —

T
20
mm
4

H ¥
510 3.5 Fro1amIRs o FuUNUNARDUALS IR

3.4.6 ANYIANTANIINEAIN (Physical properties) [58,59]
@ [ s
3.4.6.1 MIATIVAOUANY UL WNNIEMNYBIUHUN AL [58]
v
dunadnyazmathiugdTasinsansiaaiuause luasuhiduiduld
[ v A @ = dy Y ¢ S0 Y o 9/ ~ o
athaaifiod Funed Wudveslavila uaziannunundlelulnsines

v
3.4.6.2 ﬂ?mmms@ﬂcﬁnﬁw (Water absorption) [59]

¥
=3

9 ]
NATOUMNNIATITU ASTM D 570 hFueud106197 14 lloulutangamgil

' 1
o ~

[ 9 v ¥ v ¥
80 °C aunsenaiihmiinash amsiwdn 13 sandush ldusTudinduneanaddeaduian 20

9 QU
b v ¥ b4

£ 4
o o= a -] o g & Ll s o o L
Fu TagshFuswduuniuinthmingng 2 Tu FalSumunisgaduihansaduanldai

W(%) = (We=W,) W, x 100
e - s3 ¢ o &
e w, A wlesiuamsgaduii
¥ ¥
w, A dmtinndamsgaduiy

9 ¥
W, A8 dminAeunIgesuii
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v a o
3.4.7 MinageuMstosaaie lavosna
3.4.7.1 MsnadeumMigesaalsn1snMudoutaznanes (Fummzmsnaanslu

#9 3.3.3)

o = o a 4 ~

dadduilugdamdouiui 1diaund19 20 mm 1azAW012 140 mm udd
° ' 9 9 a . ° n” 9
i'linageunissesdatoniinudeudion1so9e (Ageing) Taothduaiuldeuludeu

~ [~ [y 3 1 o Qy
gaungil 70 °C [60] Huszezinm 7 9 uaznniunagoumsiosaaIenIwas lagiiFuay
11ddy? Tasldvaoayd (Hg-lamp contain mercury, 9 Watt) aioueeiuaz 12 43 Tuaazii
Qy o Jd o A A - | d a i
Funueennnq 2 dlat Wuszeznm 4 weu  waneidlumstuduhidunansdes
¥ ]
aa1eNn1eA N UUAT NILEIDT TNFUNUAAIUMSIOIT WAL IYD VIFIUIUN)
) = o 'y a I'4 ¥ ]
USanmseandiadu Ianir1dnsievi lasnses FTIR Spectrophotometer 11%14A148717
4 - =} 4 v o a 4 4
AT 4,000 -400 cm” TagnlSsuenmsulasunlasvemyaisueiiaouadu 1,400 -1,800
- 4 as = Aaan =Y @ o I a LY

em’ iWetudUMTIARY §Ase1eendiatunieluTuananefiueintiavnnisaatedllne
ANuIBUNaTIeY)

'3 ¥ J o 8 N L:l
-MINUIUATUAITUDUD (COL) ﬂ']ﬂﬁllﬂ’li@lﬂ"l’llu [61]

Carbonyl Index (COi) = Absorption band at 1640-1840 cm !

Absorption band at 1463 cm

3.4.7.2 MINAADUMTIBEFANIIBINN 1aen15 AL (Soil Burial Test) [62]

) Qy oy [~ Py ~ Ay a a LY
AnFuuNdoIntsnadeulluglamasuAumyLIn 30 x 120 Taawas Haaslu
- =y c A - 3 A
AuandszuIa 15 AN SUUTLEZIA 6 1ADN FIKINITNAFIVNIATNIILTITUBIAN
= Y a wa a 'd ° o Ay 1 a 1
inaniheasUfiansweames lagiinisaiuguismuanudutazal pH luauld

P o 4 Py ¥ 1w 0’1’ q o o r'd o

S annuruluay 30% wazar pH My 7) nuuiieasudmuann 2 dlaim sz

MIyafetuldunaaeusenIFUARNItBsTANY

3.4.8 minageu lagldarsazarsleledu [63,64]
4 @ Qs o s o N
wednyInTnsznedveutlludlendwazuntthmsRuunluidunwed
I's 4 ° @ taw - ] a
wosnauiioadusi 14 Tasdasuaudiugydmdsuiiudving 3x6 sufmas 17

v v
W lusluasazanele TeAududu 0.025 M dlunar 10w nnsiudunamswaeunias
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4.1.2.1 Optical Microscope(OM)
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4.1.2.2 Scanning electron microscope
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ugauaniesuesiuau MldTuusnsei1dos denalidinnuudausade a gasuuss
1 v o 1 Sl o
q9ga Unanas uazwuIMdawegde (Young’s Modulus) uazAntlesisuanisds o gauia
(% Elongation at Break) ¥83g/#s PE/TPS/K3 MANMI MUY 3 phr A 1anausuiaeium
o o 4
ANUNVWTIAL A931IN 4.9-4.10
1Nl 4.8-4.10 tisnfSeumsugasi@uuatihmstuuululSinanuandeiude 3,
(SRR o < A 1 ' ar a =4 o
5,7 wag 9 phr  WUNAIN NG TR 1A Bluandeduan)Suaundiha s duuui
A 4” A = o v o 3 A 2 s =
indy iesntnuathhmsiuuunsznediegluignindoiiies1dn wazvindugiuinn
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dawaliAnnundsuseds a gaduusegege biuandresdu  wagnuimdesdavesgas

& a e a 1A a
PE/TPS/K3, PE/TPS/KS FuanunailithmsSuuu 3 uaz 5 phr intaeasuaiioduuniliinis,
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UYL 7 phr (PE/TPS/K7) ﬁwuﬂﬂﬁmﬁu{iuuazaﬂaaﬁnﬂ‘sgmﬁmﬁuuﬂﬂﬂmﬁﬁuuu 9 phr
(PE/TPS/K9) Fanmendainmsn/dvuudasiilinsiivldliannsoagiuualdnld ud
wuhmalefifudmatia a 9A1AYagAs PE/TPS/K3, PE/TPS/KS 1az PETPS/KY A
unihansivuuu 3, 5 uag 7 phr Ay ﬁuuﬂﬁmﬁuﬁu wazasauaneuioduumhh
AT TRLLY O phr MaTHe UM hms BT auTAia Tndaadn ﬁamfummmgﬂﬁﬂ'lé'ﬁ
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a 3 @ 1 = = L' a =S
Wy tazdanuinlsunauadihmssuwy 7 phr (PE/TPS/K7) 1919 0049915309 01 90
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Suusegega Andesidudde o gauia uasiidwendd genge ¥aldnaneandesiums
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dunadnyaznIMenNahInIHTuAIBnIBIdRsAnLLINAg IO Uguazvarghn st
J 2 1 i a o a 4
VugUFawungasid@uuaiihanstuuy 7 phe Sldansofanedweinasuman 1ot
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sazamnsothiugiianldondeilounz auysel
& P ' [ = o 1 sl o & 4
denSoufisumnnuuius st o gaduussgege  Aulesiudniste u 9av1e wazm
daueRdd uuimnassednsuazMuYNURsBsTnsveIneRBinaN luldargAT WU
¥ [ £ A o a 1 & @ A aa Ay
AR luunaiesdnsiinuinn i luuuavnunissensiitesein luauidedl
U 4 .3 =t ey A a 3
M¥nszuumsthildu (Blown film process) Tunisiugy Teefimis Wussunfduiinga 1dvs
- i P o 4 W : y
aeefieme Ao usslflunsdsilaudunuluuaniedns uazussaunldlumsith
v a A o o et o A s 1 a a4 3
e auluuusnaaissdnsildlimstasssddvesaie 14 lunavesnadenaumna
asaniane TnsusehiFlumstshulumaueiesinsoniimaniusanlidlumsuhvee
q o < [ = Jd a @ et o = 4 s
lunuvnaniesdnstemldasTowodwesinamsiasoedrlufianisanniesdns 14
' Ay o ' - 4 2 A A o A
1A yennniimdweadduazalefuanmsata o 9av1a TuuIvIUATIINS A
1 & r ] o 1 ) 1 9 o 9/ =y o o
WInnIUIANIIEns madwaeiinistheslsus sanlumsdhdsei ldwedmedds
A ¥ d’ Q Q’l‘ i -] 4 ( -3
gnveeda1d limud dufudie ldnaaeudismsesnaaeuounszasdsan1di

2 4 A o ' A @
ﬂ'ﬂn’d']lﬂﬁiﬂ‘l«lﬂ'ﬁﬂﬂﬂﬂiuuu']‘ﬂ'ﬂ\ﬂﬂﬁﬂﬂ%fﬁ‘lﬁ’il'lﬂﬂ')1l!u3ﬂ11]!ﬂiﬂ~ﬂﬂ5
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' 10 |

‘3 SJ = MD

3 = 1
ZE° z B ) |
191 I | w
3

| oo = L " 7 Formula

PE/TPS PE/TPS/K3 PE/TPS/KS PE/TPS/K7 PE/TPS/K9 '

: o e d ' o o o - o
71N 4.8 namluaasnuFuRUETE IR NUUTINS IR B YATUISIGRAYDINANND DS
e = = A e A w
Hﬂunummﬂmmﬂmmswuuu1uﬂ‘smﬂmmenum(luuu'Jmmﬂimﬁm (MD)

HAZUUIUNANTDIING (TD)

140 -
BMD
120

24 1

Young's Modulus (MPa)

-
o .S

1 : y : Formula
PE/TPS PE/TPS/K3 PE/TPS/KS PE/TPS/KZ PE/TPS/K9

710 4.9 nsmluamanudiuiszninmidwegdavesilaumedwesHau Rty
-~ 1 L o : ‘ o
uatlthmatuuululsmanaesnunsluumauniesdns (MD) tazuuvg

1N3939n3 (TD)
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450
‘ 400 - sMD
\ bl ) - i = \
= -
250

% Elongation at Break
=]

o

200
150 -
100 -
. 50 |
0 Formula

PE/TPS PE/TPS/K3 PE/TPS/K5 PE/TPS/K7 PE/TPS/K9

711 410 navluaasanudmiussznheminlesiFuantsta w yavaveslaunedmes
waundnrauundihastnuuhalSnamanilwuwaiunsens(MD) uaz

HUIWNAUATBIINT (TD)

4.1.4 muinmandnideu
4.1.4.1 Differential scanning calorimetry (DSC)
= ares A “ ' =
naminvimnianenawdeulasldinies pDsc oniguuaiinasumaInin
- Jdd o o i
(T,) guuglianwdn (T, ) uazaledidmuanuifluwin (% Crystallinity) daudaaluaisian
' [ o  Aan - N\ & = - v g
4.5 wuhauwedieRausan uWINIIUAYRBAIERAUTHAA U INANTUd UM T
Tumana@namsvimuimihhnmsun Imguyginasumadnan (T,) uazquuniisuan
- - - o a  aa a " e o a o Al
wan (T, ) nindisanudauwedienauriannumuiiud/mnes luwaiadnamisi
- - & ] ' = e ' o =
wnundihmstuuy gserendnlaiumihhastuuu hisikadeanuauyseivewdnuay
- - o : - - - a -
msnlasumlasvinanan Aniuguuniivasumanan (T,) uazguuniisuanwan (T, )
i lndifosiu uasta lsfmuumlihasSuuuiinasesneumail (AH,)) uaznlosiua
- & ' y o 0
ANMIUKNAD (% Crystallinity) Fawydnideduuatihaistuuueziiliaueunailaans
o n‘: A o o dd o [ 3 dd o
gaiudioi ldnnumalefidudanuilumin dwaldsulesidudnnuilundnanaday
n’: d’ P = o @ - o ] a o
niliissnnumhhmssuuuezdr lildavnimstasosdivesse 14 Tuanavemedwes
umingweaienaw) ludwidlundn M ldmolasTuanafansiadoeda1danas dawald

- o
Wnannuidlunanveinedwesnauanas
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1InMs i 4.5 wudlSueamdies@uuu (3, 5, 7 uaz 9 phr ) ieigungi

HaeNMAINAN (T,) uazguuaiiankdn (T, ) liuendwdy e1ena1aldiml5a umhh

¢ onset
<2 ot ’ d =< = 2 ar o I
asuuy hitinadeanuauyssivesndnuaznisulfeuwlasvunanan  Asiugungl
MABUMAINAN (T,) uazguuglisuankdn (T, ) Us liuand1edu uazdenuiim
dd o . ' ' ¥ o ' -
tlesidudnunilunan (% Crystallinity) fis liuanaiedu maimiSunaiunthhnis @ 3
o A e a 9 o o A o 1 1
phr fulFuafidisswesamnsafiannsodhlifavnemsiadosdivesan T4 Tungadiu
o < a aa VA A a 2 a v -
fiilundn vemedefitunaiaiunmlthmsBuuusiniu A 5, 7 uaz 9 phr  MAaiufa
aruhidhdusewndiharsSuuunazwodediau sushldunhhasSuun lieansodh
unsnarwiiuninvesnediofdu ldauimin Mssudanszaiodreglunediefiaud iy

as as 3 = a St R [} = @ t EV <3
adaugudniuauiundnyesnededaude hinldoumlawinin dawaldaueunial

3 o L/ = o &
(AH, )uaxtﬂﬂiwuﬁmmsﬂuwﬁn (%  Crystallinity) fimlndifvafudananisnanes

QW ey /o 5 T H 3 ) L=\ ﬂ' 3
aeandeefuaulidFinan il dsumlauiisdSinauntlihas Sunnaiu

: ¥ ) aa J
M3l 4.5 sgungiivaouwal guuglisumsannan uazdesazanuilundnue gy

wodeINANgAs MINmATin DSC

qns gungiins guuglisunian | Ay | Auleddudnnunily
!
Waoumad Wan
=

Han

Teon C) @/g)

T, (C)
(%Crystallinity)

PE/TPS 110 91 1742 29.61
PE/TPS/K3 108 91 140.4 23.83
PE/TPS/K5 108 91 147.8 24.85
PE/TPS/K7 110 91 162.8 25.45
PE/TPS/K9 108 91 140.1 23.12
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4.1.4.2 Thermogravimetric analysis (TGA)
b ¢ y
il lAnageuauiianeanuioudomaiin TGA efinugamgliGuaaiodves
waﬁmﬁwau 5\3!&’6@011&9‘1513% 4.6 LASHMAHRUIN Y

4 ' = a @ 4 a 4 =
AN 4.6 AguugliuAuaaeivesaunedmeinaugas s1mmaiin TGA

Formula Onset thermal degradation temperature (° C)
Glycerol K-Carrageenan | Cassava starch LDPE/LLDPE
K-Carrageenan 3 245 - -
Polyethylene - 3 P 445
Cassava starch - n 303 B
Glycerol 150 Z 3 _
PE/TPS 157 / 306 443
PE/TPS/K3 159 247 288 428
PE/TPS/KS 155 248 281 415
PE/TPS/K7 g 246 281 434
PE/TPS/K9 158 247 277 450

NIl 4.6 irasgamglisuamedivssesilsznouiifieg lunedmesuaugas Tao
nuhgungiiGuamedivesnfimesen vty 150 °C gungiisuaadiveuntlhas
Tuuuriiu 245°c  quingiGuaaeivesudlaiuudlidnlendarid 303 °C uagnedio
fduriianumuiniudymedefdusiannumnuivdndadusuRanisaadai
qaIngil 445 °C UAZINMBS TUUNSUMIADIAIYBINBAMBTHAUTAT(MANUIN V) WUE

v ¥ y 14
nsalasumlanhmindisannnanufeusy 5 9 Taslusrusmilunsgapdoimin
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¥ 1 v 7
vosTumnovsnimgamgiilugi 0-100°C Frsiimeuiiumsuldsumlauiiesnnmsaaedn
voandrresealusisgungiiilszan 150-159 °c Frshamilunsuldsunlauiiosnams
yoaumhihmsuuulugngungl 247 °c Hrenadiunsaasdivesutlaiudnlends
Tussgungiitszana 270-306 °C  uazgaef 5 dlumsanedrvemedionausiiany
nuniudrnetlenausiennunuiudusudulugrquugll 415-450°C

o a ¢ ¥ & a y . A

vInmes luunsuveanedwesnauuaadlfiiuimedweswauiuuuy ladlwile
(A03fU (Immiscible)  1iioa91nmef Tuunsunaaigunginisaaisdlvesarsuaay

o Ao a 4 1 = e Y o
panilszneunlieglunefweinaugas iy wodenau ufladudnlends nazunlihais
= P =2 d A A o 0 Y o &
uun waznnmsigngasil Inssadraazesdilsznevimiloudui iddnyazveunes Tu

Ay Vet w o Q@ T o G (3 4 A a

unsulalidnyazadionu uazfivuimudunsSuuuasldeed lfgungiizuns
aarvdrvedlsiudnlzudwmaznedenausiannunuuiudmedisiausianu
nuwiusguduaans ieanruathhasSuuuildashl lidwoudaiudulsnduas
WORONAUFHARUHUMHUA VN BARAAUTUAAITUHY MUUANTUAY  1ANTZI0A0Y

- A 4 A z é LY o @ “a o 1
Tuigmadedisuriniu Fwwadeandostudnuaznudagiuinndslananludedn uaz
A =} P =) a A o 9 o
wesvnuatlihas Suuuiiedes nings amsaaig ldvndedanalasinmes luunsylu

1 b4
MaRUIN ¥ (U0 ¥-12) Asdumaiumlihaisdnuugasnudoundiazauanudon il
szozu I g lufemsamedihidamnsadewunindonliudaiudilznduaswe
AlefduriannuruuiuiniudywedeAausdan AU IIHUHIuA T udy 14
danaldutlaiudnlzvdwasnefiondusiianNunuininnuuniudynefioRausiannu

r 9 a ¥ Yo b4 F4 .3 & A a o = '
nuiuduFadulafuanudou ldinndulsiuianmsaawdanguugiianauazaiady
) o @ oy Qs 1 d' & [] =3 A 3 ¥ =y
umhhmsSuuulidarnsmitasvidvesdufidlundnvesaulsnediofiau wldned
o A ‘ﬂ = 2 9 %’ vlsw 4 Auly Y
wiaudanudlunanasas Jdwmuanudou lddesas Fwanisnaasii lddeandaesiy
¢ 3 o 2 a (Y] a Y 3 A o et Y 3 2 A o=
wesiudnnuiluninfianas (Fea1s1sh 4.5) Aoiwiienedieiduldiunnuieuiusuia
MsaaiedIfigurnidaing Ams1an4.e wuhgasnnmaauuahhmsiuug 3, 5 uaz 7
(PE/TPS/K3, PE/TPS/K5 , PE/TPS/K7 ) mildgaingiisuaawdrvetaiudnlznduoy
QUVANITUA A IVOINDADNAUYHAA NN U WHUA YNDDIONAUFLIAA UL U UAUT
Wuanauilafisuiugasi biduuadihamsfuun@ETPS) wazfwmuinSunauadihnigm
- ] =y o o aa Y] = o = []
Juuu ldadllunedweinaui Vgamglisurasdvesnedniidusiannunuuniv
c' ) ), ) ’ ; = -} - 4 1 é =
dAmodenaustiaanunuududugadulini lndifesiu uawuiiges PE/TPS/KS Fuau
uatliha1siuun 5 phr M Igaimglisuaaedvesnedendustiannumunniudimedie
Ll 3 1 ﬂ' o 1 1 o o @ é Al

Hauyiannumuunivdaniuduiinasassiniidsddgsimaduntihmstuuuaunse

9/ Y] [ - | Y 1 P s 9 2 o 9 < ar .’} a
m'lﬂ%mnmsﬂmsmmﬂmmﬂmwamwau"lﬂmmmﬂwﬂ’nm’i‘luwanaam AMNUUNDD
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pidulssuRamsatdfigungidiag uazgas PETPSKY seihldgunglisuaaisds

v L1
¥ ]

=y ~ - 1 o L) ey =Y " e A - 3‘ [
yoawadenaurian Nunuind ywedenduriannumuuniudugaduiiniu aah
- L) = 1 é - Ead o
untlitharsSuuulfuna 9 phedhnffinaifinndsersusnigmasenusinwedtoiauds
dawalviad1 ganglimsaaisdivesnedeiiausianiumunniudmedenausiianaiu

- P 4
ﬁunmumwmﬁ'uummwu

4.1.5 M3APYINIGAGAUIII (Water Absorption)
i o o o ' =) [ cy @ o o
131# 4.11 dussmuaasmnuduiuisznhalfinamsgaduiha audusnouiun
9 v i3
ugeglnhwesidunafiofidusianumumiudvwedeidusdannununsiudugudu
o a A ~ o V@ 1A A a
mes lunana@namsy nNUTnamaRuuuana iy Taswudulemuunlihasauuy
4 o oy = v ; a Y- =Y 1 o o 9 4
as Il ludduwedwidusiiannunuuindrwediendusiananunumtudusuduimes
a ¢ o s 3 o I I
Tunwara@naasy mrldnlesisudmsgaduinfivduilosnnlnssadrsvewntihnis
1 4 14
I Tiny leasendaniiv dsiuny leasengamuisoaiienuse lalasu (H-bond ) iy
:’ 1 9 w °y A=' g
M8 dewaldnrwamiselumsqagminiuiy
1 as 1y o oy ’ d 4 @ : ¥y
uazlugae 4 Juusnvsamsudauluh nundanlundasgasansogadinii 1
1 o o o A 4 4 T [ :’ o
801937A15 uAzHAIINIUN 4 wunfduluirazgasawsagadanilddosasaunsen
P n’/‘ dy A & o o = a :‘ Y
Ash Netiesnneymavesiliudnlzndwezuatihms Suuuansogadnild - was
= @ v [ { o é’ 1 o a d a o w
WNANITUINAT (Swell) %ummnﬁmmuiw11ngmﬂﬂmawaamaimmnm (Matrix) NV
v ¥ 9
aymaufluiudnlsndwazuadihnisSuun famsauda lidami Ssliaunsogaduh
Yt as 3 @ o A o 9/ dd o Qs : a1 a [ v =
188 Anlundanndui 4 Mldwledisuanisgaduitianeh uazdamuinSnauadih
= A 1 o a = =Y ] ° = =Y a []
msuuuildas il ludaunedisNdusian numuiudynedienaustiannuvuuniu
s a ¥ ' a '8 Vo ¢dd o s °y A =t ar ' 91
AuFaduanes lunaradngass andesisuanmsgaduiinlndifiosiu ersnanldn
a iq 1 a 'S v 3 3 & o 3‘ 3 :
Yuramndihnsduuuitldasldlunefuesnanlifinadenlefidudnmigaduiii viedl
A P - g v a o - " w9 A
wesmlsuamadihmsvnuunlaadiunedweinaulinnuuandasfudes Ao 3, 5, 7
o & ¢ g o o o
woz 9 phr Aiualesiyuamsqaduiivesgns PE/TPS/K3, PE/TPS/KS, PE/TPS/KT Uty

PE/TPS/K9 34 lsiumnanadiu
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s PE/TPS
@ PE/TPS/K3 |
st PE[TPS/KS
it PE/TPS/K7

PE/TPS/K9

31

%Accumulative water absorption

30 , , Time(Days)
2 4 6 8 10 12 14

. ¥ v
g 4.1 nsmluiaasmwdniuissnhalSnunsgadmhazauduinowiuiuseglu
ihnduvesaumedenauyian nuMIIIMA YA ANYHAR MM LU

Y - 4 =) ﬂ‘ ' %
waduies lunaaanaars snnlsmammlthais Buuunuana 199y

4.1.6 muiAn1sHesaa IR 1N 13ANAY ( Soil Burial test )
. < o ‘

Anvanuawsalunisdesanivvesddunemmeswauluszauiosdudomsil
¥ ] ¥
Fualuau TasAun ¥l unuiluwuneniazsssumaionatuds (out door) Tngvzya
z ¥ = | . 14
Fuaundunanisulasualamn 4 2 el duseeznn 6 idou (aadagili 4.12)

F ¥ o = a’ @ " @ a = Ad 1 @ -
wazive limumsnlasunlasvesyunudiednlaonisianuyeegaunio SeguiFuaiy

™ i J a o ' o :
vgas hlinisdesqiuiaTaoldndesganssmistiauds (OMwudifisesdid 1haia
ATUARUAYIFUIWH IRannFe T nanuuTuiTud el aaza i
Y o - o : a’ = : ) Am A a o

Aunwedweisisuna animi IisualasswidiBihwmadazifiafvivse uaziiidng

“ J o
inavy Aaaslugy 4.13
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W 2W 24w

ow P aw 6W 8 10w 12w 14w 16W

w 18W
C))

ow W 8W | 10W | 12w 1AW 16W  18W  20W U 2W. 4w
()

H ¥ ¥
31 4.12 amwaorunurAsmsnaseumsHauiiunm 24 dda daennuiu 30%,
pH 7 : (?) PE/TPS, (V) PE/TPS/K3, (R) PE/TPS/KS, (3) PE/TPS/K7 uag
(3) PE/TPS/K9



QLA @

C)) (¥
[ ¥
710 4.13 nmiuvesilaumedwesnaugasmenasnladuiiuszoznm 12

dla daondesyanssminuuudaiiiidavens 600 wi : (n) PE/TPS,
(v) PE/TPS/K3 , (R) PE/TPS/KS, (3) PE/TPS/K7 Uaz () PE/TPS/K9
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v E4
10317 4.12 ("-9) uamanmasiunundimsnagsumsisduiiuna 24 dlaninuh
¢ oA a = a o °y ay ] P Y] o o Yy a
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] a a oeq g o Y n’: i : 1
m3tesaawInmsiiAuYmedwesY 2 Yuseu fali  dui 1 tThezuwdidly uwald
d = =3 = = a d(‘: s g P a v
WowRamsuauuazifanisn gy Tavesgdunidiuuuiay uag Yuh 2 Mamsdeseaiy
L4
Taotou land
] ¥
91031091 4.13 (P-3) nud Wufrvesiaunedeswaugns PE/TPS/K3 , PE/TPS/KS
[ 4 = a d a °y ° 4
PE/TPS/K7 oy PE/TPS/KY A InfAuLsosaunsd nagadtiiaiadininnil gas
PE/TPS 7 hildmumis fuuumansiunhhasSuulidwsehdidugniosaaivdy
a o < a ‘g o { a &‘ s -4 = S
yaunidludulfnnteiu Tasgaddiinalufoninfamlesveadesmaznisnigaula
&’ A o 1 L = v t
vouduluosauilunistuduldhidunedwesnauifanmsdesanomedinmia  ud
= “s a [} ] o 1 e ¢ a ' J
WimnawndihmsSuuuiiduasly iausaiss 18 IdisuRemsdesaas lduniv
4 < i o - < =
wissnmiFnaunthhmsRuuuiiduad i lufiduwedwesnaugasiiaFuanios Saiums
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~ 1 ] o 1 o
1IMINARBI Y AeuR 1 nuhmsBuuugIeh Idgn lkelaudinumiie) (sticky)
‘3‘ 1 d - et o o o 1 g 1 1 g
niu dawaliddunedionaumes luwaadamiyausahiugl ldeddoilos uay
wa a [ 1 3 o 3
VINAUTATING 1Y AMAMUNAWSTIAY B 9ATUNTIGIA (Tensile Strength at Max Load) i1
4 o [ Y s
WosiFuantn w 9A97R (%Elongation at break) 1102 A1YAUDAAH (Young’s Modulus) aaad
arey 9/ ) - o Y o o (4
uaznnmsnaTeuauiannNueuny uatihasuuuseiilesidudanuniy
1] { & a o (] o U ; =
wananas udunlihmsduuuiduasluwedweinausisiiinszirumsnhiugifa 14
L4 a 1 4' =] =y ~ = A A = et o
auysal  wazdanundionlSoumisulsamsuuuneuaslilluwedeniauines lu
a o 1A o =] [ P~ Y 3 o A o
WAWANAAITY  WUNTMANUMYINIIRY o gasuusegegailndifeedy wosidion 1y
ey a v o o ] {
nageuautianennuioudiomaiia Dsc wududefiduannudunan lunlfouuasay
= ﬂ‘ Q‘ 3 o 3 T 1 B =5 1] 1 QD
YSwamsuuuimuiy dsiuenanldndSausddmisituuu lilinadeauiia
= arey ¥ + é o
FINAUATAUTANIANWTBULAINAITNAABINYIIGAS PE/TPSKT  Fuduuniliinis,
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3 v 3 (Y T (Y
M50 P-1 ANV IAT B PATUUIIFIA (Tensile strength) AWINDAAT (Modulus)

] d o 4 A .
Al IFUANITIN B 9A91% (% Elongation at break)

qns Hamamsnagey | anaudansafa o fdlaeqaa wesidudns
DEETIIEAL ST (o (MPa) tin o1 gavIR

(MPa) (%)
PE/TPS MD 7.74+0.14° 85.18+1.34 213.55+1.14
TD 6.78+0.21 123+1.21 408.414+1.23
PE/TPS/K3 MD 7.35+0.46 90.21+0.12 245.00+1.12
™D 4.36+0.21 98.32+0.15 321.11+0.46
PE/TPS/K5 MD 7.60+0.67 61.39+0.21 231.001+0.31
TD 5.84+0.21 79.09+1.31 343.34+0.77
PE/TPS/K7 MD 7.71+0.23 76.55+1.41 238.00+0.15
D 5.7240.27 115.47+0.34 380.12+0.23
PE/TPS/K9 MD 6.31+0.34 72.68+0.21 226.11+0.21
D 5.10+0.21 88.44+0.51 339.44+0.32
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gas famans | anaudansedia o glanoqda wledidudms
naveu WSUUTIGGA (MPa) o gann

(MPa) (%)
PE/TPS/K7/G10 MD 7.78+0.12 70.43+1.23 260.79+0.35
TD 5.56+0.09 105.34+1.12 421.3240.18
PE/TPS/K7/G20 MD 8.431+0.32 72.45+1.41 270.23+0.12
TD 5.58+0.23 93.41+0.63 433.11+0.22
PE/TPS/K7/G30 MD 9.2110.34 73.56+0.32 294.81+1.31
D 6.53+0.44 91.3410.45 457.21+0.45
PE/TPS/K7/G40 MD 8.93+0.23 70.34+0.21 310.43+1.43
TD 6.54+0.52 83.21+0.56 460.51+0.24
PE/TPS/K7/G50 MD 8.21+0.12 74.23+0.22 320.41+0.51
TD 6.7410.46 78.39+0.11 450.42+0.28
PE/TPS/K7/G30/P1 MD 9.22+0.23 74.36+0.21 292.34+2.18
TD 6.54+0.45 92.21+0.14 452.32+1.39
PE/TPS/K7/G30/P3 MD 9.21+0.43 73.23+0.49 293.23+1.27
TD 6.32+0.41 91.51+0.34 431.30+1.63
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qas 2 4 6 8 10 12 14
v
Un
PE/TPS 30.78+0.12° | 32.3240.14 | 32.38+0.15 | 32344012 | 323540.19 | 32.3240.11 | 32324023
PE/TPS/K3 | 32.1240.14 | 33214012 | 33224023 | 33214013 | 33234021 | 33234031 | 33.24+0.12
PE/TPS/KS | 32214016 | 33314026 | 33.3240.12 | 33344043 | 33.3240.12 ] 33.34+0.12 | 33.31+0.11
PE/TPS/K7 | 3238+0.12 | 33424021 | 33414032 | 33.42+4045 | 33.4240.13 | 33.414025 | 33414027
PE/TPS/KO | 32414028 | 33.48+0.11 | 33.47+40.31 | 33.47+023 | 33.48+0.15 | 33.47+032 | 33.47+0.14
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HARUIN D
=X LA Y (Y]
NIIANHIAGNUAMIUDHYAATIUININAITNIOU

v y -1
M13197 9-1 1 Absorbance U51IB4AYARY 1400-1900 cm VRINAUWBAMOTHANGATAIN

H 1 v
watInhImseIteRgangil 70 °C fiszezimianun 7 Ju

Formuia Absorption band Absorption band COi
PE/TPS/K7/G30 1640-1840 cm’’ 1463 cm’
0 Day 37.56 37.88 0.99155227
1 Day 38.67 37.96 1.02
2 Day 39.14 38.21 1.02
3 Day 40.25 38.24 1.05
4 Day 41.28 38.35 1.08
5 Day 43.37 38.45 1.13
6 Day 44.58 38.45 1.16
7 Day 45.76 392 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 6592 41.35 1.59
5 Day 69.32 41.37 1.68
6 Day 71.57 42.54 1.68
7 Day 74.78 43.12 1.73




M31991 9-2 (D)

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 43.34 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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v e oy a 4 1
M15199 9-3 A1 Absorbance USLIGHAYAAU 1400-1900 cm %BQﬂﬁNW@ﬁlNBSNﬁMQﬁSﬂN‘]

A o A ad A
ﬂmumsmasa’dgmﬂuswznm 4 pou

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 4145 121
2 Month 60.19 43.57 1.38
3 Month 69.41 45.21 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 109.45 51.26 211
3 Meonth 130.12 53.32 2.44
4 Month 133.47 51.02 2.61
PE/TPS/K7/G30/P3
0 Month 62.42 43.15 1.44
1 Month 101.24 52.45 1.93
2 Month 119.32 52.49 227
3 Month 140.58 54.19 2.59
4 Month 145.43 52.23 2.78
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gas Funuteumsazmelelonn Funundamsazagleledin

PE/TPS/K7

PE/TPS/K9
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MANHIN Y
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AT AUATIZHAENANA XRF
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Aumaiin X-ray Fluoresence Spectrometry (XRF) Wah ALaAIRIN119 -1
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msdszneou S (KCps) %
SiO, 29 1.54
CaO 478.6 77.9
MnO 52.5 13.2
Fe,O, ¥ 0.248
CuO 2.1 0.227

CeO, 3.5 5.4
Dy,0, 10.1 0.159
Compton - 0.13
Rayleigh < 0.79
Norm - 100
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(Mechanical Properties and Bioactivity of Hydroxyapatite /

Poly(ethylene terephthalate) Composite)





