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ABSTRACT

PET bottles were composed of several different materials such as PET, HDPE, PVC and PP, it is necessary
for recycling of PET bottles to precede seperation of each material. This study is purposed of recycling of
PET boitles by separation using float and sink method. Pure PET 15 obtaned a proportion of 94% on condition
that botlle labels were removed hy using tap waler. In case the labels were attached on the hottles, PET
was unable to obtain because of PYC and PET sink, and PP and HDPE float. Therefore, the labels shounid
be removed before separation or PVC labels substituted for PP or PE material The various physical properties
ol recovered PET and HDDPE were measured and compared with the original PET and HDPE, and it is identified
that recycling is possible as a resull,
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Table 1. Amount of production of plastic according to FY. (unit : 1,000 ton)

Year 1989 1990 —[ 1991 Growing rate(%)

Plastics product %o product % Tproduct % 50/89 91/90
LDPE 359 13.7 432 14.2 446 13.9 20.3 3.2
Thermo- HDPE 351 13.3 404 13.3 472 14.7 15.1 16.8
Fr 470 175 548 181 536 16.7 16.6 —2.2
PS 446 17.0 538 17.7 576 17.9 20.6 7.1
plastics ABS 181 6.9 215 7.1 254 7.9 18.8 181
PVC 498 139 598 19.7 626 19.5 20.1 4.7
FET Ta 24 a7 3.2 130 4.0 27.6 340
Sub total | 2,381 90.6 2,832 03.3 3,040 04 4 129 73
Thermo-setting 247 94 203 6.7 130 5.6 —17.8 —11.3
Total 2,628 100 3,035 100 3,220 100 [ 154 6.1
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Table 2. Products which can be made from recycled

H7E -

PET hottles.

Section Products

Usage

PET (polyethylene terephthalale)

» Strapping - Scouring pads - Fence posts
+ Industrial paints - Paint brushes

Fiberfill « Pillows - Cushions

- Sleeping bags - SKi jackets
Fiber - Twine - Filter material - Apparel -Rope

- Carpet backing
Textiles + Belts - Webbhing - Sails

- Tire cord - Woven Dags

PET - Laminated board stocks for hoth
wall and raof housing insulation - Relrigeration

Polyol truck paneling + Home and commercial freezeer

insulation - Storage Tank insulation -+ Automobile
bumpers «+ Fumture - Sporting goods, e.g skis
and surfboards

Unsaturated polyester

J - Corrugated awnings - Automobile exterior panels

- Bath tubs - Sinks - Swimming pools
+ Boat hulls - Shower stalls

Engineering plastics

+ Appliance handlees, housing & cases

- Automotive applications

Thermoformable sheets

- Six-pack carriers for solt drink bottles

« Nonfond containers - Audio cassette cases

Chemucal conversion

Back Lo oniginal
PET Building blocks

- DMT (dimethylterephthalate)
- TPA (terephthalic acid)
- Ethylene glycol

Alumtnum

3 Alwrnanum

PP Labe!

HOPE Base cup

(A} Single type (B) Mixed type
Fig. 1. Matenals of PET beverage bottle.
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Table 3. Cperating condition of PET and HDPE sam-
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Table 4. Test method and equipment of PET and

ple. HDPE.
Condition PET | HDPE Properties Tesl. Unit Apparatus
Cylinder 1st 235 180 process
temperature | 2nd 210 175 Impact strength ASTM D-256 | kg.om/cm [Tinus Olsen
Temperature 3rd 190 170 {Izod)
() Nozzle temperature| 255 190 Tensile strength v D638 kg/em? Instron
Injection pressure 1st 45 35 Elongatien » D-638 % "
(kg/Cm?) 2nd 50 40 Flexural strenglhy » D-790| kg/cm? «
Injection velocity C-5 C-5 Hardness v D-785| R Scale Clark
Injeclion time (sec) 1st 4 4 Heat deflection v D-648 T Tinus Olsen
2nd 8 8 temperalure
Cooling time (sec) 20 20
Tnjectar H DSN-70, 407
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Table 5. Materials of PET beverage bottle, (unit ; g)
Beverage manufaclurel Type Capacity PET boltle
company (L) Head Body Label Base cup Total
- Mixed 15 1185 3R.62 1.50 14.89 66.86
Single 15 14.46 48.14 1.44 4.22 68 26
Mixed 15 11.96 38.90 1.57 14.54 66.97
L Single 15 14.24 46,67 1.52 3.86 66,19
D Mixed L5 11.58 38.00 1.50 15.32 66.82
Single 15 13.76 50.28 143 4.88 70.35
C Mixed 1.5 11.00 38.80 170 15.32 66.82
I Single 15 14.34 44.73 147 Q.27 69.81
) Single 1.5 15.26 45,59 1.40 8.18 7443
16707 | 385806 [ 157201 | 150105 | 6683+ 0.2
Mixed 15 17.5% 57.7% 23% 22.5% 100%
Average
1441+ 0.9 | 478624 | 145101 608+ 3.2 | 6931+ 4.6
Single L5 20.6% 63.6% 2.1% 8.7% 100%
. Mixed 15 PET PET PP HDPE —
Matertals Single 15 PET PET PYC PET -

Table 6. Physical properties of wasted PET hattles,

Bulk density Proximate
leg/m") analysis (%
Type —— (kg aly (%) HHY
orginal| afler Mois- [V.S|F.S (ical /kg)
compaction| lure
Mixed [ 413 86.5 0.5 98 |15| 5879
Single | 44.2 B384 15 |965/2.0| 5196
Average| 42.7 87.5 1.0 |[97.2/ 18| 5538
=E 4 E el Table 62 el

Table o @ajwd 151, 2=ks] PETH S Hy7] Ur
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Table 7. Results of differential screen analysis.
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. . Cumulative over size Cumulative under size
Mesh Dpi(mm) | Adb(fraction) fraction ®{=R) fraction (1—<¢,=1I))
3.5/4 5.18 0.176 0.176 0.824
4/8 3.57 0.658 0.834 0.166
8/10 203 0.099 0.933 0.067
10/12 1.54 0.026 0.659 0.041
12/14 1.30 0.017 0.976 0.024
14/32 0.80 0024 1.000 0.000
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Table 8. Characlenstic  values of Rosin-Rammler

equation.
PET hattles B n Dp d
| Primary shredded | 0011 | 2784 | 361 | 121
Secondary shredded | 0.012 | 2573 | 3.57 | 121
Primary shredded 0.018 | 2522 | 3.50 | 1.29
free label

Table 9. The result of float/sink seperation with wa-

ter. {unit : wi%)
FPET bhottles Solvent Float Sink
Primary shredded |Tap water| 129 87.1
Secondary shredded | Tap water | 12,7 87.3
Primary shredded Tap water| 14,1 85.9
tree label
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Fik(dispersion) d-& 4} {6} 3} o] A4kt
Dp 15.87%
E—— 6}
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Table 10. Companison wilh propertics of PET and

HDPE.

Properties

{m ac(tI stée—
)

Tensile strength

PET HDPE |
Virgin Recyclel Virgin [Recycle
1/4" 4.5 23 - -
/8" 6.2 42 10 45

509 | 382 | 260 | 204

(Kg/cm?)
Elongation (%) 35 23 189 | 73.2
Flexural strength

} 731 606 254 253
{Kg/cm?)
Hardness (R Scale) 1179 | 1165 62 618
Heat deflection

73.0 72.0 45 445

lemperature (C)

427 3 HDPE PP7} 712 mo) EA)akm y%ol
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