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Research Title: Recycled Plastic Bottles from Milk Bottles made from HDPE: Preparatioh,
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 IRGASURE® 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 reprodu_c_ed
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 viécosity 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 CaCO3, compared with R-HDPE
and HDPE. The crystalline melting temperature, the recrystalline temperature and %erystallinity
of HDPE were not altered with bottle formulation or recycling. From the tensile tests, it was
found that tensile strehgth 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 increésing 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 pror;»ertie's‘were not affected

with the addition of these substances.

Keywords: HDPE, Recycle, Milk bottle, Calcium carbonate
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ﬂ'l‘i'l\iﬁ 2.1 ARUNETRAIAN CaCO, AlnoauUAFnavoInNe o THaY [22]

CaCO, (%) | Young’s Modulus (GPaj 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 il

1. vaeuuan sianaaneslsd vuna 830 ml Favhen HDPE Sonidhunse’ lmfa ®-
HDPE)

2. nodeRAUFHAANNMULNIUGS (HDPE) 1n5A H6340BM insaiuin veeiTiniodad
wiinead $1in aulA1lszmsudasdansed 3.

3. upaFBNMTUBIUA (CaCO,) 1N7A TSR (Omyacarb 2) uazINIARADUHININIA
Afe3n (Omyacarb 2T) vosLTHnaSunieouduainea S wuliRLelszMIvOILARLILY
MvoALTAIRINI19H 3.2

4. 1557003201083 IRGASURE . HL 560 ¥941/3H% Ciba 9100

5190 3.1 auiiAuedsenTs v e AR NAUTIAA NUKUILLN A

qulia N WANSNATOL
au1iAn1g Ina (MFI) 2/10min 0.49
ANUNUUMY glem’ 0.963

4 wa a 4
ﬂ'liNﬁ 32 ’dll‘lJﬂUNiJiZﬂ'ﬁ‘UENLLﬂﬁ!“KEJSJﬂ']i‘Uﬂmﬂ

quiia MU | CaCO,(Omyacarb 2) CaCO, (Omyacarb 2T)
YUIRBYNIAIRAY um 2.69 2.75
AMUNUUIUY g/em’ 2.70 2.70
ARV a limaey MAsvAunIAMALIN(SA) 1%

Winume : Yoyausunguan

32 Sesiiefl¥lunise
1. Lﬂ%@QLﬂT%ug {stindaia (Extrusion blow molding machine): SMC ‘;f U 200T (Screw:
length = 22D, diameter = 30 mm)
2. m‘%muﬂwmﬁ @n (Plastic grinder): Bosco Engineering gl 1 Bosco A600
3. Lﬂéﬂﬁ Differential scanning calorimeter (DSC): Perkin Elmer ;'u DSC7

4. 19509 Thermogravimetric analyzer (TGA) : Shimadzu g'u TGA-51

130284
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da o 1 i . v
5. ﬂﬁ’mgamiﬁu@mﬂmammuﬁmﬂsm (Scanning electron microscope, SEM): JEOL U

JSM-5410LV
6. 1ATDINATOUANIANT IMA (Melt flow index) : CEAST jU 6841

7. W500eIAvaNTemMuUeUg (Twin-screw extruder): Intro Engineering j% PL 200

(Screw : length = 330 mm, diameter = 31.1 mm drive'and 19.7 mm output end)

8. InTpanadeUDUnllI R (Universal testing machine): LLYOD Instrument ‘gl U LLOYD

IR5K
J 4 ‘o I's
9. noffiesasaules
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1. ssunoRNosHaNgAIINIlA HDPE Uag CaCo, MuA1IIeN 3.3 Tagrhdunay

1 =Y 4 w a 1 a o ) 4
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o ar =] { 1
190 (e 200°C auaay anuGEseunld 15 seudeuf
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M1519% 3.3 31y senauansg lunedwesnay
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HDPE CaCoO, 1% SA coated CaCO, IRGASURF®

R-HDPE 100% -

HDPE 100% - : -

Ca2 70% 30% - -
Caz2T 70% - 30% -

Cazl 70% 30% - 2%
Ca2Tl 70% - 30% 2%

*1f51190 IRGASURF® (18111 CaCO, (%)
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[ { o § ~ o .
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LY ny I { a i 4 1

A159UBUIY (Gauge length) 11U 20 mm ﬁqmmuﬁaamummgm ASTM D 638 [27] tiien1A
Tensile strength at yield, Tensile strength at break, %Elongation at yield, %Elongation at break a1
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3.3.5.4 MIANMIANHULMINTLWAIUBY CaCO,
o £ ) 2 o : a4y
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ad t { o '
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U
a
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q LTI

WIMIFIU ASTM D 1131 [29]
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R-HDPE 100% - - - 0
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Ca2 (1) 70% 30% - - 31.8
Ca2T (1) 70% - 30% - 326
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Ca2 (16) 0% | 30% - - 21.6
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a v s a ¢ w '
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Ca2l (16) 70% 30% - 2% 21.4
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Ca2TI (1) Ca2TI (16)
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LI, 2 y
IV UNUIA (g) ﬂﬁ"lmg‘].]ﬂi\i‘ﬂ

qas 1 4 7 10 13 16

R-HDPE | 11.4#0.1 | 11.0£0.1 | 11.240.1 | 11.2+0.2 | 11.1+0.1 10.840.1

HDPE 11.3+0.2 | 11.74#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 11.240.1

Ca2T 12.8+0.1 | 12.8+0.2 | 12.3+0.1 | 11.8+0.1 | 11.5+0.2 11.240.2

Ca2l 13.3+£0.1 | 12.32£0.1 | 12.540.2 | 12.2+0.1 | 11.8+0.1 11.3+0.1

Ca2TI 12.7#0.2 | 12.4+0.1 | 12.0+0.1 | 11.8+0.1 | 11.5+0.1 . 11.1£0.2
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4.5 anunU ez Fulssanianufiuulsve uInNanH BN
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Togda R ldRuRTaNuE ey aAnuntugas U laNuIAuntH dauluseunss lada
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#1 1 CaCO, 835291062 14 LR AT unuiinnuuguszuInnd W15 eANnIIgAIIHTY
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(599A1UNUT

19199 4.3 ANUHHIVBIVIA

ANWNUIUDIVIA (mm) i]'lﬂﬂ']'i%ugﬂﬂ%ﬂﬁ

gas 1 4 ¥ 10 13 16
R-HDPE | 1.13£0.14 | 1.18+0.04 | 1.21£0.03 | 1.08+0.17 | 1.24+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 ~1.12i0.04 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
Ca2Tl 1.10£0.05 | 1.16+0.04 | 1.11+£0.03 | 1.09+0.16 | 1.03£0.06 | 0.99+0.12
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-4 I~ = .. o P
WesiFuanullunan (% Crystallinity, %Cry) 9015197 4.4
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! ¥ Q= a 4
ﬂ1i1\‘lﬁ 4.4 mﬁmmmqmm%'auﬂlmwaames

qe3 %CaCo, T(C) | T, (C) AH (/) %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 330 114 | 133 112.3 57.2
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Tensile strength at yield (MPa)
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%Elongation at yield
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