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Research Title: Recycled Plastic Bottles from Milk Bottles made from HDPE: Preparation,
Processability and Mechanical Properties
Researcher: Mrs. Suparat Rukchonlatee

Faculty: Science Department: Chemistry

ABSTRACT

This research studied mechanical and thermal properties of recycled high density
polyethylene (HDPE) bottles. The bottles were produced from recycled milk bottles (R-HDPE),
virgin HDPE and HDPE with CaCO, filler at a 30% by weight loading. 1% by weight of stearic
acid and/or 2% by weight of IRGASURF" were employed as dispersing agents. All compounds
were prepared using a twin-screw extruder and shaped to be bottles using an extrusion blow
molder. Some produced bottles were tested the properties and the rest was ground and reproduced
to be bottles. The bottle production was repeated until the 16" round. The bottle samples were
tested every 3 recycle rounds. It was found that R-HDPE and HDPE samples gave higher
viscosity with increasing bottle reproduction; however, the viscosity of HDPE with CaCO, were
unchanged. Better dispersion of CaCO, was achieved with increasing recycles. The greater bottle
weight and thinner bottle wall were gained from the HDPE with CaCO,, compared with R-HDPE
and HDPE. The crystalline melting temperature, the recrystalline temperature and %crystallinity
of HDPE were not altered with bottle formulation or recycling. From the tensile tests, it was
found that tensile strength at break and %elongation at break of R-HDPE and HDPE bottles were
almost the same and higher than those of bottles from HDPE with CaCO,. Those properties gave
an increasing trend with increasing recycles. The modulus of the bottles increased with the
presence of CaCO, and had a reducing trend with increasing recycles. This may be because less
CaCO, in the bottle compounds was found with increasing recycles. The presence of 1% of
stearic acid and/or 2% of IRGASURF" dispersing agents gave better flowability (i.e. lower
viscosity) due to better dispersion of CaCO,; however, the tensile properties were not affected

with the addition of these substances.

Keywords: HDPE, Recycle, Milk bottle, Calcium carbonate
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ﬂ]i]ﬂﬁ 2.1 #Haueda1Iaual CaCo, ﬁﬁmﬁmm%mammwaamaiwau [22]

CaCo, (%) Young’s Modulus (GPa) Elongation at Yield (%) Impact Strength (J/m)
Content Uncoated Coated Uncoated Coated Uncoated Coated
0 1.62 1.62 7.80 7.80 33.10 33.10
10 2.00 2.45 3.92 4.59 36.71 45.39
15 2.15 2.42 3.14 341 33.13 42.41
20 2.44 3.04 2.95 3.17 33.56 41.62
25 2.57 3.46 2.46 2.77 28.94 40.43
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3.1 maaRnlvluauide
a 4 4 =< o = I ~ a
1. WAUNAA FHANATDT 158 Yu1a 830 ml #4191 HDPE Senilunsas laiaa (R-
HDPE)
2. WoARNAUYHAANNUIUUGI (HDPE) 1n5a H6340BM tnsan1via veeusineaid
iaad 910a aulaLINlTZMTHEAIRINITINN 3.1
=~ 4 1 = a A a 9
3. uaaFenmIueIuA (CaCo,) 150 11AADUHY (Omyacarb 2) HaZINTAAADUHIRIGNIA
a a o a J [ a o @ Y
A1PEIN (Omyacarb 2T) VOIUTHNGIUNTPRONGUANADA T1NA duauINszMIveIAATEoY
I'4 @ 4
AMTUDIUALIAAIAIAITIN 3.2

4. 413579051967 IRGASURE" HL 560 ¥04UIHN Ciba 3109

M3199 3.1 aufaunlszmsveanedenaurianNurUILNga

qulia nuY HaNINATOL
auLAns 1va (MFI) ¢/10min 0.49
ANMUPU WU g/em’ 0.963

A19197 3.2 ﬁilﬂﬁ‘]ﬂﬂﬂizﬂ”li"’l]@ﬂllﬂﬁ@ﬂllﬂ1§ﬂ@m¢]

auia ATEY CaCO, (Omyacarb 2) CaCO, (Omyacarb 2T)
YUIADYNAN DY wm 2.69 275
ANUHUMUY g/em’ 2.70 2.70
A a ] A A 9y a A
ROV - linaou INAOUAIBNTATIATTN(SA) 1%

a o 9

WIS : YoyausENGNan

3.2 nSesileMNuanis
1. Lﬂ%“’ﬂﬂlﬂ”ﬁﬁugﬂ%ﬁﬂﬁlﬂ%ﬂ (Extrusion blow molding machine): SMC § U 200T (Screw:
length = 22D, diameter = 30 mm)
2. Lﬂéi’)ﬂ‘ﬂﬂwmﬁ @n (Plastic grinder): Bosco Engineering §'Ll Bosco A600
3. Lﬂ%‘i’N Differential scanning calorimeter (DSC): Perkin Elmer ju DSC7

4.10309 Thermogravimetric analyzer (TGA) : Shimadzu g'u TGA-51
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5. N3049ANTIAMIBIANATOULVUTDINGIA (Scanning electron microscope, SEM): JEOL U
JSM-5410LV

6. 1n30anadouaNTANS 11a (Melt flow index) : CEAST 1 6841

7. m’%mé’ﬁ%wﬁmﬂﬁmwueufj (Twin-screw extruder): Intro Engineering §' U PL 200
(Screw : length = 330 mm, diameter = 31.1 mm drive and 19.7 mm output end)

8. Lﬂ%ﬁ]ﬁ‘ﬂﬂﬁ pUDIUNTZaan (Universal testing machine): LLYOD Instrument g'u LLOYD
LR5K

4 4 Ja J
9. nestieinsalnles

3.3 35mMInaael
3.3.1 MISHANVIANVIAUNTTFIA
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o) o w < Aq ¥ 1 =
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ﬂ]ﬁ]\‘lﬁ 3.3 ﬂ%?J'IﬂJfNﬂ“]Ji%ﬂﬂU@lNc] Gl‘L!WfJﬁHJfJﬁWﬁiJ

paasznoL

HDPE | CaCO, | 1% SA coated CaCO, | IRGASURF"

R-HDPE 100% - - -

HDPE 100% - - -
Ca2 70% 30% - -
Ca2T 70% - 30% -
Ca2l 70% 30% - 2%

Ca2TI 70% - 30% 2%

13119 IRGASURF" g1l CaCO; (%)
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3.3.4 ManagouaNiaNlva
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o & o Y L2 9 4 . i
u'lch'u@ﬂfl]’lﬂelljﬂn’lu@]L!a’)ﬂﬂﬁ@ﬂﬁnu@]ﬂ’ﬁqwaﬂ?ﬂlﬂ%ﬁ]\? Melt flow indexer ﬁqmwall

waee 190°C Tagldtiminnaiu 2.16 kg ¥ronaniy Taeauuasgiu 1SO 1133 [26] wagyiinis
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3.3.5 MINAAIUATNUAVUBINAANUN
a Y] = 9 ] 4 = 3 o
VIANAANUNUANNEGN 7.7 cm LA URIUFAUINANN 4.2 cm wazldunT 106 cm’ LAANAT

7NN 3.3

d‘ o a @ 4 A Y 1 49(
MNN 3.3 aﬂ‘Hﬂ!xWaﬂﬂﬂ!"wGUﬂﬂﬂulﬂﬂWﬂﬂﬁxU'JUﬂWﬂﬂ'lﬂlugﬂ

3.3.5.1 MINATDVANVANIIMENINW
y 1
N. YHUNADUIN
o d'da! 9 (% a 1 a = 9 Y] d‘
hanrugl ldundanaadnarunuuinahnuagduvisesnaining 3.4

S ' 4 A 9 !
NUUMNIVIANNFAT gATae 10 VIANIBPIUIHUD yﬁamumuﬂmﬁa

(3 1 a

H 1 a o s v g b 1
MNN 3.4 aﬂymzm’mﬁmmumumnmﬂmmmmzﬁ'mnﬂmmmﬂumuﬂmmm
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v, AN ez aulszansanuAuLlsaNurIveINIa

) @ a 9 y o a 1 I
HIVIAUIAAUTINUNADVIALASNUYIND DN mﬂuummnmsaaﬁammmﬂﬂlﬁﬂu

9 Y o

v v 9
gﬂ%m"afJaJﬁumummmmwuﬂﬂﬂsemmmmmmﬁjmauNuazumm‘nmmaz 5 ﬂqﬂiuiz‘c’lz

v o

MAUIIUIY 10 VIR 1HIDMIAURAYAININN 3.5

—— - ————

!
1X
d‘ @ =y ) v W A I (% ] I (%
HMNN 3.5 aNHUSHFUNUTTIHIUIAANUHUUND x lﬂuﬂ'ﬁ'}ﬂﬁluuuﬂﬂﬂllﬁg y Lﬂu‘f]’]i')ﬂiullu')

dUIUN

3.3.5.2 MINATOUANTANIIFUNIIRY

o v A D, v 2L Ay v & o ¢

HUIAAAUTNUNA1NVIA THIUIFUT O U Tﬂaaﬂymwmmw”lmﬂugﬂﬂmuaa
o A Y o Y A I 3 = .
ANNINN 3.6 L!a’Ju'lvlﬂ‘ﬂﬂﬁ@'ﬂﬂ'JﬂmiﬁN‘V]ﬂﬁ@ﬂ@mﬂﬂi%ﬁ\iﬂ‘ﬂﬂ’ﬂhlj?‘luﬂﬁﬂﬂ 100 mm/min &8

o £ < { a 4 1

MIWFUNU (Gauge length) 1111 20 mm NangineINIWIIATFIU ASTM D 638 [27] 101191
Tensile strength at yield, Tensile strength at break, %Elongation at yield, %Elongation at break Llaig

Modulus

1
' I
i

e N

|
|
1
1
i

|

]

1
20 mrh

H 2 o P
M 3.6 Fuauglauuadnldlunsnaaou

3.3.5.3 MInaaaUaNIANMIANNToU

Y
v A 1

a 4 4 %’ o
AnFuaINYRIvIANI NI AT e DSC Taeldimiinaisdszmna 5-10 mg

'
a

o { a 1% I .
i ldanudounguvgiGudu 40°C drwdasimslinnuiowilu 20°C/min vudsgungi

)]

Y

A

(o] o Y3 a 9 o o) . =
gageano 200 C uazmﬂmﬂuiﬂaaﬂqmwgummaaﬁﬁ 20~ C/min IUDIYUNS)

d' 9y J a = a a
ﬂ1ﬂﬂi11"lﬂulﬂﬂ1ﬁ1ﬂ1qmﬁgNiuﬂﬁﬁﬁ@mﬁﬁﬁ]‘ﬂ@iﬂﬁﬂ (Tm) BUNJUUYDINIITLN

I I J < =
nlosiFuaanualunan (%Cry) MUY ASTM E 794 [28]
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3.3.5.4 MANHIANBUZNINGZDIWAIVY CaCO,

Y
v A 1 o ' Y
FIATUAIUVDIVIANIVUIA 3x1 Cnl2 mmmfﬁluvlujﬁSﬁlumm‘ﬂizmm 10 m“ﬁ 1Lan

Y
wy o A A

2 o 2 o ' A o a sy v ¢
ﬂ%mmmuﬁSlummwmmmwuag “LH‘W“L!F\I’JG]N‘]Jilﬂmiﬂﬂﬂﬂi\lnlﬂiWW@]’wﬂﬁﬂilillﬁ‘ﬂiiﬁu

ad 1 {o o 1
DIANATOULLLADINTIA (SEM) NAa9ve18 1,000 Liag 5,000 1911

3.3.5.5 M3nsvaUlInamuuueuYe CaCo, Tuansniens

3

v ' y
daruaivvesuauinliua Caco, Taglases TGA Tagldihminaisyszuna

o { A A o < .
5 - 10 mg W Idanudoungungiiisudu 40°C awsasimsldanudowiu 10°C/min b

U

gamgigagane 600°C maldo1nd (Air) hdeyaninnsini ldumfsua caco, imiveua

V13314 ASTM D 1131 [29]
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nansnaasuazensiena

4.1 Fnamniueuves Caco, luudazgas
o Qy a J o 1 A o =Y ~ 1 A ] % 1
MFUNeaINDIAI8E1NNAAINYIAMIIS AU NEUYEY CaCO, NiBgluaIAI0819

1 9 A 9 o ] [ A = A
HARSYNT TaglHns09 TGA %z”lﬂﬂswwm@mqmmwm 4.1 nnslennsamdsunu CaCO, Wan

9 [ ~
TAuaaadansnem 4.1

110

e e

— —————————— 04545

—— —_—— ra
Y | -4
100 : i 852,88 "
f 2,326 %imin
1 10
[0
| Onset ¥ = 34326 %
o | | Onsel X =611.07 °C

\ Delta ¥ = 14642 %

15
=

Onset ¥ = 99.459 3% |
Onset X = 376|122 °C

Delta ¥ = 65 725 % ! ‘\ j

~
=

<30

@
3

Wgight % (%) — ———

w
=

B
=]
Derivative Weight % (%/min)

2=
=

o
=}

ra
=
in
=

=

-B0
397 .45 °C
-64.321 %/min \

o

-66.56
30 100 200 300 400 500 600

Temperature (°C)

700

Y @ ] a J 4
ﬂ]‘i"lﬁ 4.1 ﬂﬁV‘Iﬂ’JfJEJ'NL!’dﬂQWﬁﬂﬁ’)tﬂi'lxﬂ?%ﬂlﬂ%@ﬂ TGA g3 Ca2l

d‘ A ' a Jd o ]
M99 4.1 YSnanuuueuvey CaCoO, Tunedwosaied

pafsznoy Wnadimiven
qes
HDPE CaCO, | 1% SA coated CaCO, | IRGASURE" | ¥®3 CaCO,(%wt)
R-HDPE 100% - - - 0
HDPE 100% - - - 0
Ca2 (1) 70% 30% - - 31.8
Ca2T (1) 70% - 30% - 32.6
Ca2l (1) 70% 30% - 2% 33.7
Ca2TI (1) 70% - 30% 2% 33.0
Ca2 (16) 70% 30% - - 21.6
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4 = { 1 a d @ ]
M3197 4.1 (90) USuiutuouv0d CaCo, TunodO5AI0E19

pan1lsEnou 3aiutiveu
qag
HDPE CaCo, 1% SA coated CaCO, IRGASURF® | 484 CaCoO, (%wt)
Ca2T (16) 70% - 30% - 20.8
Ca2I (16) 70% 30% - 2% 21.4
Ca2TI (16) 70% - 30% 2% 20.4

<] 9 [ A o = a
NUYLYA mﬂflumaummwwaaqmmmmumm"lcma

dl 1 A A a0 Y A [ ] ]
NAITNN 4.1 W'U’JTI@ﬂq%ﬁiJﬂﬁiﬂﬂHl@ﬁ CaCoO, NﬂWGlﬂaLﬂ‘c’Nﬂu@QGlu‘Hﬂx‘] 32-34% Tag
¥ 4 1 a o 1
imin sazlerumss lafatiuou 16 5ou WuMTINm CaCO, anaraviiod 20-22%

119991NOYNIAVOY CaCO, 1HHNTINTzAYU HDPE ayn1n CaCO, 141galusgninnszuiums

'
A o

i Y ]
v lyugluan uazdnifesenvildiilsna caco, anashelosyninues Caco, nga 'l
=1

img A Tanzveunsesuavziinssdegama lwihatadegornild caco, ilimzaanudalans

Y R [ % I~ a 14 ~ 9
1aa 39 lias ldsasuianedwesnaunuandd

4.2 ﬂ1§ﬂi3‘i]'lElﬁ?ﬂli’N!!ﬂa!"TmNﬂ'I%‘Umuﬂ

o a £ a Jd v [ /a <
HANMSANEIA AT IUINGVITUIUNEAWDIA1081  Tasldndosganssmidianasounyy
@04N5719 (Scanning electron microscope, SEM) Nfadve1e 5,000 (MLAAIAININN 4.2 wuduile
o 2 FA ! a o 1 A
ey CaCO, a1y HDPE uazyhnsugdasail 1 wun caCo, lugas Ca2 Nnszaedn lufiile
~ ) A Aa D] ' A VY o ' o g
Weunugasous Niimsldasyienszae iesnnanu lidhnusgnineanulilivives HDPE
=\ g’/ (% g’; = a o an 1 [ o Y = d’
1azANULUIVDI CaCO, AItU HDPE 1oy CaCO, 19 lifiouasnsenaeni vl caco, iTomen
1 VA TR =
WIMENIUVINNNNITNTENBAIT UDYMARY)

Y d’@’ A

4 o g g’/ { 1 v
WehnMsrugasan 16 W Caco, Imsnszareadlaguu 1iieawnineynin CaCo,
Yo o 1 o ~ a A X I 9 o =] =
llﬂiﬁl!iﬂﬂi%‘ﬂ?lﬂﬂﬂlu mﬂmu’msa‘umﬁ"l%mam”meuu L']JL!Wﬂi‘ﬁﬂ”ﬁﬂi$ﬂ1ﬂ@]31ﬂﬂﬂlﬂ\um$ﬂ
d’z % d' 1 =) a ?X’J d' = 1 1
YU ﬂﬂllﬁﬂﬂiuﬂTWV] 4.2 WU 8YNAUBN CaCo, 11!3@‘]_|ﬂ153"l‘35maﬂ3\11ﬂ 1 11‘1]1!1@11(7@) LL@]‘luﬂ1§

~ A A ~ I % 9 & 2z
ﬁa'ﬂﬁl’l%’ma‘ﬂ 16 aUNMANTVUIALAN L!agﬂﬁgﬂ'lﬂﬁ?llﬂﬂjiJWﬂ"Uu
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Ca2T (16)
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¥

Skm SO0 B

Ca2TI (1) Ca2TI (16)

[

H o j’ a v Qg, { o 1
MNN 4.2 ANBUSNUAILANTNVDIFUU AMaIveY 5,000 M

4.3 aniinnmslva
) Y
MINATDUABIAT DINATOUTULIANT 1Ha (Melt flow indexer) IAgNAITUINNUIHINVD

a P = o A 9
W@amaw‘lwa”lﬁklunm 10 UIN WANTIINADDILTAIANININNT 4.4 (magaiuﬂwﬂwuaﬂ )

FefAansey W1 W4 m7 Ei0 W13 16

0.5

Melt flow index (g/10min)

HDPE Ca2 Ca2T Ca2l Ca2Tl

Formula

MW 4.3 AUAURUTA1 Melt flow index NYIAGATAIN

o { < 1 1 a
MINHANITNABEIAININD 43 ziuldan A1 MFI ¥09v1aus lwAagas R-HDPE uay
ISP Y v 3 1 Y RPN 1 o 1 1 = v
g@3 HDPE umlndmesnuuaaiimiaesgasiinglyd HDPE nlvminluanaedluyiufeiny
1WENMITUIWAYEY CaCO, WUIBRAY CaCO, a1y HDPE ¥11éA1 MFI anasningas HDPE

1A A 2 A =2 g < =) = 1
UAANINUMANUUUAVINVU LUBINNBUNIAVDN CaCO, FY UUD LU 'lwnmﬂa&uuﬂmgﬂsw
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1 49! =2 Y A A ' 1 = v Aawv A
seranumsvugl  Jlddevemandouiivesansls  HDPE  @ui@ednuauIveikIuui[14]
dmSumsl¥nsamAeIniaz/vso IRGASURF® ugas Ca2T, Ca2l tag Ca2TI v114 1da1 MFI g
N1gAT Ca2 UAAINUBNIINNIATIAGINLAE IRGASURF® 923I8013n32918AINAYDI CaCO, 1u

1 Ay Y o 1 o d'dy a o Y A ' Y a o’ddﬂ
gasmatudrdamsaausanszinnnuiih ldanuniiaanas 1e1ns lvaveanedwe Ay

a' a o = a 1 o = a A:i dy o Y ] a

HENMTANTIUINTOUMSS lmfanun  S1uauseumss lsaanmnvuihldaeTowed

S Yo 9 1 Y a = 9 Y a a 4 =
LiJ’E]ihl@ﬁ‘]Jﬂ’J'llli@uﬁ'\iNaiﬂlﬂﬂﬂﬁlﬁ'ﬂﬁﬂ'lW‘Vl'l\iﬂ’J'liJi’E]uvlﬂ Iﬂﬂﬂﬂ@]W’E]mﬂJ’E]ii]ZLﬁEJﬁﬂ1W‘VIN

o’d‘dgo} o

anufou'ld 2 dnvazde nurenleseols (Crosslink) vldwedwes AlthminTuananuin

2 A a J K a2 o = ' .. o Y '
VU ANUHLAVDINDANDTIZTUINVY DNANHAULABULUVIADDAUDIAY 1K (Scission) N1 I ae Taf

a

a ’ Y ¥ o o ' 3 {
woaweiduas Winlunaasasnnuniiadas Taewnnmsyugiigungiige HDPE azidy
=

1 v % { Ao
ammuuumsviaeenvesae Imiuwan  wazmsyugiguvgidn  HDPE  azi@odnnuui

U Q

wouTosene Tadlundn [13]

NN Nen N NN v /\/\/\QH/\/\/\

Py
) . " L e A -~
A\/ AR W WA A T A W AN
- -
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i ) o e - I
A M N ™ o
- 0 TN
N /.-"\\ j,”\\?\\\ + CHA T
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: o, ., ot TaN
P oA T N

; o = P .
NN o T e

MUN 4.4 MIFoanunanusounuuou o ($19) uazdaae s (V1) [13]

TuauAdewu ey 1uIusoumss lxfa ¥Ingas R-HDPE wag HDPE §A1 MFI 7
:: 1 a 1 a s A 3 a
aaslugasnuesnsdlefa  1aaIANURLAYDINB AL S INNLINTUDINUNADINATITETNIN
Y A 1 A = v 1 o Y 1 A ~ 9 A
neanudeuuuuyenTeamely mamsneiuduvesme Tevilvieae Tgnaounlaein taziiio
' ° ~ A A E ~ ] = 9 Y A X A
FUIIUIUTDUNTT LHAANUINTY (FOUN 13) A1 MFI Uuu) THuna UL ALY 9191919911910015
= A A da! 1 Y a S Yo o 9y A dal o Y a )
3 lmaanunvudanalineawes lasunsanssiwazanudouazauininin mldinansde
9 1 9 v d' = o Y 1 A
ammneanusounuuvineenvatas Ta ldunnnuuuden Tee 3evh Iiiannuniliaanaq
A A A AA I s 3 A A 2 2 v
WennIaHanIlinG CaCo, 1uosnlsznoy wuxan1anaaselin1 MFI Muuantioy

= ) A I A =\
Famalnannaurgratslsems Aeoralumzlugashil caco, NfSua HDPE (1szanm
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=2y 1 =2 a a 9 A "y '
70%) HAUDYNINGFAT HDPE (100%) %\‘]Lﬂﬂﬂ?ilﬁﬂﬁﬂTWﬂNﬂ'}TM3@ull’]J’UL‘IfﬂiJIENﬁTEJTWUﬂEJﬂTI
J <] ] I 1
g93 HDPE %Qﬂ?ﬁl!ﬁﬂ\‘]ﬂ? MFI ﬁﬂaﬂlﬁﬂﬂ@ﬂ amﬁmmu 1NANa TGA WuNYsuu CaCO, aaay
o vy ° A o 4 $ 1 a J
mummmaummmmzmﬁﬁugﬂmw m"lﬁ}mﬂmimﬂmnmsmﬁauﬁmmmﬂcﬁwaameiaﬂm

' = A X g 9
A1 MFI 3345 WNY U NUBDY

e

a o Y

1 1 o a 4 {
wennilauiamsihanuiouves CaCo, #1Nn11 HDPE azvhldwedweigasnd
@ 9 A U =\ o Y ] a = 9
CaCO, FuanuiounuInn Nlemanmlvaelevos HDPE NamMI@oadnImnianIuiouty
Y
a8 T51A99n TANINUN INNANITNAABIAIATUNAMTUUITUVBINGANTTUMSITITAINUBINDA

o ludnyazaies vliar MrI n)asulalidanu

b % a o dJ
4.4 umunﬁiemmmwaﬂﬂmm

vy Y H 1 %’ v
wanrugl Iatiiminea uaaeds 15190 42 woIMhminyeswInngas R-HDPE

uaz HDPE fim liuanaenu ualianiosningasnimsnan CaCo, 1Ho901nANHU MU UNGINI
1 ' 9 Y 1 Y 1)
Y94 CaCO, (2.7 glem’) Wotfiouny HDPE U3gN5 (0.93 g/em’) AsuMiwinuIadunuiuilody
a = ' ' 3 ) A A Y a ) A
CaCO, luweamweiaied1e amhminuiagasnd Caco, wanlmlnamesnumszilfsum
Y 2 (% (% dl 4‘ ) = a d' é’ 1 g Y] =]
CaCoO, Indifesnu (@amsni 4.1) wazledwausoumss laaatunyunuinhvinuialin
b4 ' Y
anay laogas R-HDPE uag HDPE fiminasas Indifesnunaztiveningasiingy CaCo, Tag
1 E H o ! A $ a A g
gAsNNaN CaCO, HUUIMINNAAALNAIINN1TAAAIYEY CaCO, NHABBNINNOAIDS THTUADY
A 1 Y tg Y A a A A 1 A A a dy
MyvamuAnanyd lubesdy  enasanaNuMANaeUKIodIMDEIUUNNATY 019
4 g}z @ J a a F) v :, o
iesnnludunoumsnageumsdadinuusnahnwauazfuvIae liaiudaue i

¥ o Ay Y 1 v 9
mwumn"lmmwmﬂuun

' y
M99 4.2 NUUNUDIVIA

3w 2 A
HINUNVIA (g) miwgﬂmm

gas 1 4 7 10 13 16

R-HDPE | 11.4+0.1 | 11.0+#0.1 | 11.2+#0.1 | 11.2+0.2 | 11.1£0.1 10.8+0.1

HDPE 11.3£0.2 | 11.7#0.1 | 11.6£0.2 | 11.4+0.1 | 10.7+0.1 10.8+0.2

Ca2 14.1+£0.1 | 13.0+0.2 | 12.2+0.1 | 12.0+0.1 11.3+0.1 11.2+0.1

Ca2T 12.8+0.1 | 12.840.2 | 12.3+0.1 | 11.8+0.1 11.5+0.2 11.2+0.2

Ca2l 13.3+£0.1 | 12.3+£0.1 | 12.5£0.2 | 12.2+0.1 11.8+0.1 11.3+0.1

Ca2TI 12.740.2 | 12.4+0.1 | 12.0£0.1 | 11.8+0.1 11.5+0.1 11.1+£0.2
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13
[ a A Y] a o dJ
4.5 mmﬁmuazﬁuﬂsza‘nﬁmmwuuﬂsmawmwaﬂﬂmm

a [ P 9 [ a Q'{ &7 [ A A
paanuan laanuuuazduilsz@nsanuiuulsveia  udaaIHaas NNt 4.3 1o
HITUIWNANDIIANUNUIVO9IAFAT R-HDPE 1ag HDPE fialndifesnuuaziiuuaTiuianas
] Y 1 ]
WedIusoUMIS lmAauInTuualmuInnNgasiNey  CaCo, 11099IngAs R-HDPE uag
A v A Y A o ] a d o 9 Aa o a % d' a
HDPE lufiasaudu lliavnemsaudvesans Tanedwes i ldmsdunamsuindanusnm
o vy 2 A YR 1 A %
wane launn Fuanui ldssdinnuvuunningasiingy CaCo, Tageyn1Aved CaCo, Tiauia
A o ' 2 g a J a J o Y aog Ay yA v Y 1 a o
msAudvesaely HDPE uiluwedweimasngiiliwisdun ldianuuiudniosnimsdu
~ = v a <R 9}@91 A < A 1 o Y 1 %
Yougash liimsauaudlagunuiun Tasaunsamumnuanain Idedesanuluseuns
= a A = = Z Sldg A ' [ o 49! o =)
lmAad 16 ¥9 CaCo, IMsnszneaa laaay WoMIUMITVLTINTZINNINTUMNTINIUTOUNTS
a o Y y&' Aa A = 1 1 =2 A 1w 49! ' ~ a
lafa ld IdnurlianuB ey anuvmuuaazarudedianumnuuniu dauluseumss lmdaa
d' £ (3 =t dal a Qy = 1 d‘ a d'
1 1 CaCo, danszneaa 1d lid WuiAFuaulinnuuguszannd el aANUHIgAT NN

A a 9 S A A L= 9 A (Y] 1 [ 1 @
CaCO, aduUNINIYNTATINGINYTD IRAGASURF® Wummﬂﬂamsmﬂmm”lmmwamu%ﬂ“lu

(F9IANUNUI

A15191 4.3 ANUHUIVOIVIA

ANUHUIVUDIVIA (mm) ﬂWﬂﬂﬁ%ugﬂﬂ%ﬂﬁ
gag 1 4 7 10 13 16

R-HDPE | 1.13+0.14 | 1.18+0.04 | 1.21+£0.03 | 1.08+0.17 | 1.244+0.06 | 1.07+0.07
HDPE 1.18+0.05 | 1.14+0.05 | 1.16+0.04 | 1.03+0.05 | 1.10+0.06 | 1.08+0.07
Ca2 1.06+£0.05 | 1.04+0.02 | 1.12+0.06 | 1.20+0.06 | 0.99+0.04 | 0.93+0.05
Ca2T 1.15+0.04 | 1.13+0.04 | 1.12+0.04 | 0.98+0.06 | 1.01+0.10 | 1.01+0.07
Ca2l 1.14+0.11 | 1.14£0.03 | 1.16+0.06 | 1.08+0.07 | 1.03+£0.11 | 1.01+0.08
Ca2TI 1.10£0.05 | 1.16+0.04 | 1.11+0.03 | 1.09+0.16 | 1.03+£0.06 | 0.99+0.12

4.6 aNUAMIANNTOU

o % 1 1 a 4 wa 4 1
nnMahmsAtedAaz gaTuINTEHaNiAn AN ouRIeInTe  (DSC)  azlam
qmwgﬁwaaummwﬁﬂ (Crystalline melting temperature, T, ) ’qmﬁgﬁﬂﬁ!ﬁﬂwﬁﬂ (Recrystallizition
temperature, T.) 10UN181Y0INITHADUWAINAN (Heat of fusion, AH) tio1iha1n laninnsAuan

sl @ < = L. o A
Lﬂﬂil“ﬁuﬁﬂﬁﬁ“ﬂuﬂﬁﬂ (% Crystallinity, %Cry) ANNI1T NN 4.4
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19197 4.4 Mauianennudouveaneamos

qa3 %CaCo, T(C) | T, (0 AH/g) %Cry
R-HDPE 0 113 137 160.6 54.8
HDPE 0 111 137 178.3 60.8
Ca2 31.8 110 136 124.8 62.5
Ca2T 32.6 112 134 120.6 61.1
Ca2l 33.7 114 131 111.7 57.5
Ca2TI 33.0 114 133 112.3 57.2

MINANTNA 4.4 WUNAQUHYTVOINTHABUIHAINAN 11AZQUHYTVOINTNANANVYBILA
= Y o [ = A a g = 9 o 1 =] 4 I = A
azgasuamlnaifeany uaasnvinananimavuiia lnansany  dulesudnnuilunanii
1 Y ] A Y A [ 1 o Y I 1 nm Y 9 a =
egluasiedanunimIndifssnauny waadldimiun caco, lildmelinmsinananves
] { %,’ o 1 1
HDPE hinJdeuutasl msizmsii caco, 30% Tastihmiin lilinaaevinauazSinananves

HDPE

U (%4 =
4.7 aNUANITIVUIING
) a [ P 9 1 da! A A 9 A
“Lﬂﬂl'.lﬂWﬁﬁﬂmcﬂﬂvlﬂﬁ]Tﬂﬂ1§$1]'JuﬂTiﬂJTﬂlugﬂllﬂV]ﬂﬁ@llﬁll'].lﬁl"]ﬁﬂﬁﬂ']ﬂlﬂﬁ@ﬂ‘ﬂﬂﬁ@ll
s A ' Y = . . Y =X
’E]LL!ﬂﬂizﬁ\?ﬂlwgﬁ1ﬂ1ﬂ'}1ulﬂuﬂﬂ U ANIIN (Tensile strength at yleld) ATUAUAL WU JAVIA
. 2 P = A . . s o = A
(Tensile strength at break) 1o UANITAIA W AAT1N (%Elongation at yield) wosiuanisaeEa

@ 99 11 (%Elongation at break) 1azA1No9ad (Modulus) Tasa1i laudasaansmlnIni 4.5-4.9
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Tensile strength at yield (MPa)

Mepansi W1 m4 m7 m10 m13 =16

R-HDPE HDPE Ca2 CazT Ca2l Ca2Tl

Formula

4 1 <3 2
M 4.5 ﬂ'lﬂ')'lllll‘ll\?l,ﬁ\?ﬁ\? U YANTIIN VDIBUITU

Tensile strenght at break (MPa)

a a & &
FlaAansedl m1 ms m7 Ei0 W3 16

HDPE Ca2 Ca2T Ca2l Ca2Tl
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%Elongation at yield
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%Elongation at break
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