CHAPTER IV

RESULT AND DISCUSSION

4.1 Plants Search ‘§"/
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In the ;4” uge 0 Loth k, the strial Work Department ,

Industries Ministry » i Plastic Industrial were
contacted to obtain ligfs M/ fActories. The lists contain mostly plastic

- i plants are found. Some of

\fnundtﬂbcno longer in

Most plastm waste p;:wm - plants are small and are not registered

3 nited' to only a few people
involved in the plastiC-yaste & s K-‘r effort was needed to
find out these plants ai q their locations. M-:}st plasic waste dealers did not

e N

located were sfiidied and searching was camcd out. All plants found are

ot 14587 1971 T 21 kL El’]ﬁ 4

The plant and market data obtained in this work, fullfill most of the
original plan but not completely. This is due to: (a) plant owners revealed
only some of their data, for example, the operating cost, and their customers

were kept in secret. (b) In some cases, cooperation was not given by plant
owners. (c) Most plant owners do not possess scientific background. Some

learn their knownhow through experience. So they do not understand the



importance of research.

By observation and interview, all the recycle resin plants are small and
similar. The data obtained in this work, though from few plants, are believed to
be typical data representing the plastic recycling industry.

4.2 Waste Collection

Plastic recycling g | ir T
plastic waste dealers whe'fi fufupunch 15¢ plastic waste from small dealers and
street collectors. | N

4.2.1 Sources

4.2.1.1 MunftigaFBispos

,‘ osal sites ; namely,
i At
Nong-Khaem, On—Noﬁu, - scribed in chapter IL.

W

G s it 9111179
Q917) 6 S N o i

area, ofﬁcgs, cafeteria, etc.
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4.2.1.3 Plastic Fabricating Plants

Normally, there are middle men purchase plastic waste
and scrap which are generated by plastic fabricating plants, and sell them to
plastic recycling factories.

4.2.2 of P

ste; namely, high density
PE), polypropylene (PP),
> (ABS), poly(ethylene

polyethylene (HDPE),
polystyrene (PS), acrylonitaile

Table 4.1 (#6)fsko solymer or resin of which
common plastic goods are i ig _‘t‘- ; -.,‘ c rccyclmg plants deal only
HDPE, LDPE, PP, PS, ABS, and PVC g activity is very limited
due to harmful vapor generated juring PV processing. No local recycling

plants are known to eyclir

ﬂuﬁl\?ﬂﬂ'ﬂiwmﬂ‘i
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Table 4.1 Plastic Goods

Polymer

Goods

HDPE

bottles for medicine, foodstuff and shampoo

nest

Amhns
El‘VlﬁW gIN3

batteries ¢

| P hbnhad 2 6

kitchenwares

plastic bags for industrial use
multi-purpose bags, hot and cold foodstuff
bags
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Table 4.1 continued

Polymer

LDPE

PP

f
AR

|

plastic flowers

SANYNTNYINS
ARMUNNIINGAY

car bumper

PVC pipes, hoses, and joints
vegetable oil bottles
chemical pipes for industrial use




Table 4.1 continued

Polymer

Goods

PVC

PS

f
AR

insulation for electrical wire
plastic sheet for basin li

]

{Il.llll'#‘ﬂ

Eﬁwﬂ%’wmm
AIUURIINYIAY

packaging material
plastic food utensils

clear plastic food containers




Table 4.1 continued

PET.
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4.2.3 Percentage of Each Plastic in Waste

Table 4.2 shows the composition of plastic waste from On-
Nooch and Nong-Khaem areas. The data shows that the composition of plastic

waste in these two areas are rather similar.

ent of waste
Type of -Khaem
Plastic Dealer
No.2**
PE
Bottle :
XU — 30
- Colorless 20
Nonbottle 14
PP ﬂTJIEl’ﬂsﬂ ‘Vlaﬁ‘WEl*’]nﬂ‘i 16
PVC
'-'f! N i' 3.. :. / ' ‘

* Date of sample collection : 17-07-92
** Date of sample collection : 15-01-93
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4.2.4 Price of Plastic Waste

At waste disposal site, plastic waste cost about two baht/kg.
Street collectors purchase from household at 1-2 baht’kg. Post-consumer
drinking water bottle are sold for 4-5 baht/kg.

.

nlastie recycling process consist

4.3 Pr

From various g

of several stages as shoW
4.3.1 Separatie’

Plastic wast€ igdust, sor D Separate various generic types,
namely, PE, PP, PS, and PVC/PE wste i fiisther separated into bottle and non
- bottle : PE nolding and jeclbion | ;:; each single generic
for example colorless, red,

plastic waste is sepa Ny,

-~ ﬁP‘H‘E’}"B ﬁﬁﬂ%’dﬁﬂﬁl Pifgpton of epuiu
9 W?ﬁﬂﬂiﬁu UANINYAY

4 .2 Grinding

and blue.

After separation plastic waste is ground to smaller size of 0.5 -
2.5 cm. Appearance of ground plastic waste depends onthe original waste. For
waste bottles, the ground plastic appears as flake of sheet. The grinding
machines are small simple equipment of about 5 horse power and of local
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Figure 4.1 Processing of plastic waste
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made.
4.3.3 Washing

Ground plastic is washed in a stirred tank with detergent and/or
NaOH, then the ground plastic is transferred to a pond where it is leached. The
y tiong ground plastic is moved along
the pond from the first secfion to t ion and then finally the third

section.

The cleafed! ground pl pnnd is transfered into
water shredding unit, tofferfove & 1-95‘ -r-.\_ ifugal force. Then the
ground plastic is dried in adryerin. ‘ ¢ is accomplished by method
of heat conduction, i.e., co -3_£,£;:,a hot . Heat is generated from either

V

43.5 Pelletizing
ﬂ‘HEJ‘EI'VIEJVlﬁWEHﬂ‘E

The dried ground jﬂastlc is u'ansfmed mmgy:e hopper of a

peti ) GG b 18 AL} s o

thread of 1:13.51;10 from the extruder is water-cooled before it goes to a cutting
machine. A typical pelletizing machine is of 25 horse power and is made
locally.
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4.4 Structure of Plastic Recycling Industry

The local plastic recycling industry is labour intensive. Recycling
plants are of small scale. These plants have been operating for years. The
equipment are old and of local madc Investment is relatively low. Usually, a

recychng plant does not cnver he ntire cling process. A plant may have

ve only pelletizing operation.
Thus there are many partics _' asticrecyeling industry. The structure

plastic waste and to sell

ovs - |_garbage collectg. and those people
0 A

live near the municipal waste di . The mm sellable plastic waste

and sell them to waste d%alm

ﬂ‘lJEJ’JVIEJV]ﬁWEJ’Wﬂ‘i

Waste

Wadd @ﬂﬁ@&ﬁ%%ﬁ BRI e cotsrs

which mcfude street collectors and waste sorters. Some plastic waste are from

far away provinces.

Waste dealers classified plastic waste with respect to generic types and
sell them to grinders. The labour cost for classifing plastic waste 1s 0.2
baht/kg. Some waste dealers also operate grinding machines.
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Figure 4.2 Structure of local plastic recycling industry
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Grinders

Grinders obtain plastic waste from waste dealers and/or plastic
fabricating plants. Plastic waste from fabricating plants may pass through
middle man before it reaches the grinders. Upon receiving plastic waste, the
grinders will involve five nperauuns, namcly, separation, grinding, washing,

Some pelleti alsg fal tic in which their own

recycling pellets are congur -'--_ t : ing plants and fabricating plants are

m %%%}Wﬂ%ﬂ and presented on

Table 4.3. The plants are of variops sizes ranging from 0.5 fons/day to 5,000

sy AR TIFRUNWA PEIAR B3 exruden

Nor.mally, one extruder of 25 horse power produces about two tons of products
per day.

Percentage of in plant recycling vary from 0 to 30 while
percentage of waste vary from 0 to 10. When percentage of in plant recycling is
high, the percentage of waste is low. Waste usually consists of burned plastic
and dirty plastic mostly contaminated with printing color.



Table 4.3 Characteristic of some local plastic plant
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Plant Product Capacity | Temperature | % In | % Waste
No (°C) Plant | Recycle
1 Bowls, Basins, Baskets etc. | 2-3 T/D 240-250 - 2-3
2 | Bottles for Milk, Cos .u;\l\l '# : 30 | negli-
Lube oil, and Chemigals. | Tz gible
3| Lubeoil o 80 20 5
4 | Bottles for Drigkd - 2
Lube oil, Caps
containers,
to order
5 | Bottles for Medici A2 =250 9 1
Articles made to or¢ .@ 4
6 | Bottles for Lube oil, __ e 160-200 5 10
Cosmetic, . :
Chemicals il
7 | Bottles for Cﬂsmt?i‘ca 90 IE - - 30
M4 BN NINYINT
Chemicals | . o
e ran e 2nn) ] 18 | <
to’order
9 | Beverage bottles 35TD 245 0 0.2
10 | Drinking water bottles 50 HP 170 10 1
11 | Dringing water bottles 0.5T/D 190 B 1
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Waste mainly is caused by carelessness. It is felt that percentage
of waste can be reduced. Therefore, a basis of one percent waste is used for
estimating the quantity of waste from factories.

Annual consumption of HDPE and PP are 180,000 tons each
(37). Consequently, it is estimated that plastic plants generate 1,800 tons of

HDPE waste and 1,800 tons of PP a
R //

-nli""u 1 Tr“ck rms Ild. OEII

4.5.2 Plastic Waste fioi

Dump Scavengers /

I
. cof

- :f;z':‘miﬁ mmmf"‘i i

”ZSW’I a\‘mim mm ﬂEl’]ﬁ d

4.5.3 tic Waste from Street Collectors

Table 4.4 shows percentage of various plastic waste belong to
bulk plastic waste dealers and grinders. The percentage of HDPE bottle is
about 60. The demand for bottle grade HDPE is 65,000 tons in 1992 (38) .
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Accounting 1 % waste during fabricating, the total HDPE bottle is 64,350
tons/year. Assuming all this HDPE bottle were collected by the street collectors
and truck crews and open dump scavengers. HDPE bottles collected by street
collectors is 64,350 - 3,250 = 61,100 tons.

By Table 4.4, total plastic waste of HDPE and PP collected by

4.5.4

[; ,‘
B}r Tﬂbl 4. i :Inn-- 0

Y 3}
crews and open dump g€ayer
Ji.""f—"l !‘

B}' Table 4 A ‘L NEities '.‘_7 [
collectors is 25,500 tons.fyem;, #._r.l":-uh

s bottle collected by truck

rless bottle collected by street

2/
v’

4.5.5

ﬁ*ﬁ M%‘ﬂ%@w iS55l st is of no value, ie.

not sellable. Thé¥e plastic waste consists mamg ofbags, and o dher items made
o cithef AT 5 oS B G4 ) Ah BT 3} ftce area o
weight rafio, and gather too much dirt to be recycled economically. PET and
thermoset are not recycled by local recycling plants.

From Table 2.2, the percentage of plastic in municipal waste is
7.5 in 1982, which lies in the range of 2 to 10 % for industrialized
countries ( Table 2.4 ). Therefore, the present percentage of plastic in

municipal waste is assumed to be 7.5. With a waste generation rate of 6,000
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Table 4.4 Percentage of various plastic waste from waste dealers and grinders

Type of Percent of waste Percent of waste
plastic at On-Nooch at Nong-Khaem
PE
Bottle
- Color — 25
- Colorless_fee /30| 1} 25
Nonbottle 10
PP ’ 10
PVC 10
PS 10

Table 4.5 Quantities'of HDPE and PP waste frombplastic fabricating plants,
[ "‘5

municipal "y ctors ( Tons per year )

Type of ﬁ (W? u]ﬁat Ir' t Total
plast:r.: h ting plants waste sites UnE:ms

e NN ) AT Ve

1,800 10,200 13,950

Total 3,600 5,200 71,300 80,100

tons per day, the plastic waste at the disposal site weight 450 tons per day or
164,250 tons per year.
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4.6 Quality of Waste Sorting

Plastic waste comprises various types of plastics ; mainly PE,PP, PS,
and PVC. Therefore, waste sorting is required in the plastic recycling process.
Good quality of sorting is desirable. If sorting is done well, recycling resin

Scanning Calorimetry (expel en% to identify the type of
plastics. In addition, th | i

polymer mixture exis , the quality of waste

sorting can be determim€d eff sqri -!‘rl \ o, if recycling pellets contain
mixture of various typesfoffpglymers:} {i": \- some cases, no effort is
spent to separate different #yy " : er, there are cases in which
different types of pla.stiés e r tspase  the quality ; for example,
HDPE and LDPE are mixed. ,_,,,;.,,

Table 4.6 s 1€ ' I

_F rious types and grades
_ i are shown in Figures
S a ence for identifying the
types of recycli elting temperature
(Tm) of HDPE liés within 126.68 DC to 130 lﬂ OC (see Flgure 4.4 - 4.8); that

LD OFUYT STV LY i

PP lies Within 161.68 °C to 162.39 ©C (see Figure 4.11-4.12 ). The

provided by TPI Thé | hermogran
4.4-4.12. These thermgmms wereusedlateras

thermogram in Figure 4.11 is that of the homopolymer while the thermogram in
Figure 4.12 is that of the copolymer of PP and PE. Here, there are two peaks,
the large one at 162.39 ©C is that of PP and the small one at 125.56 °C
indicating the present of PE.
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DSC experiment were then conducted for recycling pellets from four
recycling plants listed in Table 4.7. This table also shows the types of plastic
waste from which the pellets were made of. The thermograms of these
recycling pellets are presented in Figures 4.13-4.25. Tables 4.8 and 4.9 present
a summary of the results.

Table 4.6 Virgin resins in

Thermogram
Sample No. appears in
Figure
PE15-001 44
PE25-001 [ 4.5
PE35-001 Bigw moldin [, GM2860 | 4.6
PEA5-001 n 4.7
PES5-001 Injection- 1 TPE Y16 48
LDPEIS-001 | LDPE | Film extrusion | TPI, 1J4324 4.9
worezsanf] 1] oo T fppiame o

muldjgg .

s QY1) 8 | e V1 i f ) o
(Copo)

PP25-001 Sheet for file TPI, 1102H 4.11

(Homo)
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Table 4.7 Recycled plastic pellets in DSC tests

Polymer | Plant Date of | Thermogram
Sample No. | (expected) | No. Form of Waste | Production | appears in
Figure
PE12-001 4.13
PE22-001 4.14
PE13-001 4.15
PE23-001 4.16
PE33-001 4.17
PEA43-001 4.18
PE53-001 4.19
PE63-001 4.20
PE73-001 Powder hottle 421
PE14-001 4 Vg,ater bottle 29-07- 92 422
o
e ‘W’T’N (A B Y -
PS11-001! 1 Beverage: bottle 03-06-92 | 4.24 (a),(b)
PS21-001 PS 1 | Beverage bottle 03-06-92 | 4.25 (a),(b)




Figure 4.4 - (PE15-001)
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Figure 4.5 Thermogram of virgin HDPE (PE25-001)
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Figure 4.7 Thermogram of virgin HDPE (PE45-001)
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Figure 4.9 Thermogram of virgin LDPE (LDPE15-001)
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Figure 4.11 Thermogram of virgin PP (PP25-001)
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Figure 4.13 Thermogram of recycled HDPE (PE12-001)
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Figure 4.15 Thermogram of recycled HDPE (PE13-001)
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Figure 4.17 Thermogram of recycled HDPE (PE33-001)
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Figure 4.18 Jheg / ofsecycled HDPE (PE43-001)
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Figure 4.19 Thermogram of recycled HDPE (PE53-001)
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Figure 4.21 Thermogram of recycled HDPE (PE73-001)
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Figure 4.23 Thermogram of recycled PP (PP13-001)
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Figure 4.24 (b) Thermogram (Tg) of recycled PS (PS11-001)
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Figure 4.25 (b) Thermogram (Tg) of recycled PS (PS21-001)
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Table 4.8 Summary of DSC results of virgin resin

Sample No. Result
Melting point, Tm, ©C
PE15-001 129.37

The thermograms of thiése recycling peliets expected to be HDPE are in
Figures 4.13-4.22. " ASHHOEAIIS—SHOW— "qp cak except those in
Figures 4.14 and 4.21.7Thc ' lﬂ)fHDPE and thus these
pellets were confirmed tg be of HDPE. In figure 4.14, the thermogram shows

o e oA BTS2 o o e

Thus, these recycling pellets are a mixture of LDPE and HDRE. According to
el 5 e i - e
bottles whlch are of HDPE and saline bottles which are of LDPE. In Figure
421, the thermogram also shows two peaks; one corresponding to that of
LDPE and the other, that of HDPE. In this case, the plastic waste were
delivered directly from fabricating plants.



Table 4.9 Summary of DSC run results of recycled plastic pellets

Sample No. | Plant Form of Waste Result
No. Melting point, Tm, °C
PE12-001 131.76
PE22-001 104.33, 124 .41
PE13-001 129.83
PE23-001 127.65
PE33-001 127.03
PE43-001 129.07
PE53-001 128.40
PE63-001 128.42
i
PE73-001 ; b m 105.71, 122.45
P P and others 'Y,

pevsoof] L] 8 2|1 8485 1 2] 1) oo
P“I"lS--ﬂ’[?lllqlrl 3 Basket and otheIL 126.35‘}51.35
AHNQIN Do IN AL
P'S;l-ﬂm 1 Beverage bottle Tg=295.12
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In Figure 4.23, the thermogram with two peaks reveals that the
recycling pellets contain both HDPE and PP. In this case, the recycling pellets
were made from broken baskets and basins. The recycling plant operator made
no attempt to separate HDPE and PP. The thermograms in Figure 4.24 and 4.25

are those of PS. Figure 4.24 belongs to the recycling pellets made of Beverage

bottles, while Figure 4.25 belo ling pellets made of Beverage
bottles and broken tape
Base on the D .. with our interview and

""f—’*—";”‘ nftensﬂe and impact
strength of virgin reﬁl are able mlﬂ. Data for each test
specimen can be found,in Appendix F . The tensile stresses for each grade of

Pammﬂaumwmwmmm

are much more Smnlar obgervation can.be applied to PP

9 wamﬁwmma@ i seve

a refc:rencc for those of recycling resins.



Table 4.10 Mean tensile stress and mean impact strength of virgin

plastic pellets
Item Description | Mean tensile | Mean impact
strength, J/m
PE15-001 97.11
PE25-001 291.70
PE35-001 177.20
PE19-001 387.93
PE110-001 152.55
PP15-001 303.25
PP25-001 oldi 32. 28.00
\
Pl P PAENINEINT
PS 15-12"']1qll Tape Cassetter 32.94, 30,36
A it NN E
PS25-001 | Tape Cassette 35.63 36.49
TPI, offgrade

126
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4.7.2 Mechanical Properties of Recycled Resin

Result of the experimental determination of tensile and impact
strength of recycled resin are presented in Table 4.11. Data for each test
specimen can be found in Appendix F.

Value of the tensile / cycled resin lies from 23.99 to
25.55 for those PE resin made from dm@ bottle, 22.24 to 23.37 for

PE resin made from mix , l. ) 2  '-- PE resin made from non -
' 2-00] elatively low value of

tensile stress of 9.50 (08 espect -,,, s shown in Figure 4.14 and

r PE resin made from drinking

200, -' bse ¢ . PE resin made from mixed

.ﬂ e "

bottle lies from 36.55 to 75" esin made from non - bottle

articles lie from 47. '?l} to 47, 8.0 -“W ?-'
In g:.,_.,::..:-,.._.f.r;ka;ﬁ_ ...... from resin PE15-001

- o c. : d

and PE19-001. PBZS-@ : H , but in less quantity.

Base on 'she tensile stress data, the recycled resin made from

drinking water ﬁnﬁ ﬂ{‘}:ﬁ ﬂqﬂﬂg dbig|h feFled resin. Its tensile

stress in averageﬂ about 7.5 % lower than ﬂmt of the virgin rign, and 10.42 %

ower i @ 1 ¥ 713 S RN

The tensile stress of recycled resin made from mixed bottles and
non-bottle are 14.82 % and 12.70 % lower than that of recycling resin made
from drinking water bottle, respectively.




128

Table 4.11 Mean tensile stress and mean impact strength of recycled plastic
pellets

Description | Plant | Date of | Mean tensile | Mean impact
Item (source of stress, MPa | strength,J/m
material)
PE Bottle

PE13-001 |- mostl 24.62 113.98
PE13-002 175.20
PE14-001 9831
PE14-002 106.24
PE14-003 | port 124.00
PE43-001 |- mixed /| f'3° 1} 1707 . 69.53
PE53-001 V7 | 75.98
PE63-001 73.20
PE73-001 nobreak
PE17-001 55.70
PE17-002 17.49 36.55

I; T 09-0&;93
AULTINENINYING

rerz gt | 61 NI T 321 @3 a92) VIosa| 6| 2 4770

PE22-031 03-06-92 11.08 nobreak
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Table 4.11 continued

Description | Plant | Date of | Mean tensile | Mean impact
Item ( source of | No. sample stress, MPa | strength, J/m
material )
PP
PP13-001 | Nonbottle 19.57
PP16-001 11.64
PP16-002 53.27
PP17-001 48.03
PP17-002 45.51
PS
PS11-001 31.74
PS21-001 14.60
PS18-001 25.61
PS18-002 32.85

ﬂumwﬂmwmm

gthe of the recyeled resin made from drinking

e m&ﬁ&ﬁm5 mummm {Bbse of PE15-001

and PEIEI'-U{I'I This indicates that the recycled resin contains either single
grade or mixed grade.

Value of the tensile stress and impact strength for recycled PP

resin made from nonbottle articles lie from 20.06 to 29.47 and 11.64 to 53.27,

respectively. The variation of these values are compared to results of virgin PP

resin. Virgin PP resin in this experiment have two grades ; homopolymer and
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copolymer with tensile stress of 32.19 and 21.79, respectively as shown in
Table 4.10. According to Table 4.11, the tensile stress of recycled PP resin is in
the range of 20.06-29.47 which is above that of copolymer, but below that of
homopolymer. Therefore, the recycled PP resin is either mainly of homolymer

or a mixture of homopolymer with les amount of copolymer.

: cled PS resin made from
32.{}7. Its tensile stress in
reinaesin, 34.70 % lower in the
"o 32.85. Its value is lower

bottles, and nonbottle
average is about 20.59 %

worse case. Value of a#

than that of virgin resif ,56

a

Differe or Toll from recycling factories
\citielieth 8 Botliottlc PE, mixed bottle PE,

Their properties are uncertain
because of the variation in'cotipasitiont of ratv material. The properties of each
collection for recyclcd PE. té&ﬁw :‘;‘, ] M drinking water bottles is similar

effect the tensile stress
nonbottle PP, bottle PS,_

4.8 Minimum Value giuechamcal Properties of Recycled Resin

ﬂUﬂ’JWﬂW‘iwmﬂ‘i

From wsltmg the municipal waste dump site, it i evident that no

sllbe paffic A o Ie bl s bl b &) v e

dump mtes sellable plastic waste are sorted out. Consequently, degradation of
plastic is assumed to be due to processing only. Degradation due to

environment is negligible.
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4.8.1 Development of Model

Processed polymer lowers their mechanical properties due to
thermal degradation. In plant recycling, polymer is reprocessed thus rendering
low mechanical properties. It is expe
decrease mechanical propertigs. '

fd that repeating recycling will further

, er of various numbers of
repeating recycles. The bulk6Line recycle i of recycled once, with
those of the second, i€ third, Ad /thé fourth, .. s in decreasing quantity.
Evaluation of properti€s of / coycled calculated by the model
developed as follows | N

Let Py= € ,_ ‘ ‘polymer. Example of property :

'!P]. 1_

ﬂ WK E%@cﬂﬂ B

q wmm SRUNBIINYA Ehe s

pmccssed, P1 is pP,, the property of the second-time-processed polymer, P is
pP1 = p2P,, the property of the third-time-processed polymer, P3 is pPp =
p3P,, and the property of n-times-processed polymer, Py, is pPy-1 = pPy,.

Assumption : m kg of virgin resin is used; so the mass of the
first , the second, the third,... and n times of processed polymer is m, rm,
r2m,...,/-Im kg , respectively.
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The properties of recycled compose these various resin; so the
mean property of mixture, Pryixture. 15 as follow :

Pmixture = Mean Property of Mixture
= mPy+(m)P + (Zm)P3 +... + (r™-Im)Py

E2mpaRe + ... + (- 1m)ptP,
, 'Im]

“ liﬁ'di. ’
AUBINYITINEINT
Q971 By 35 b s
properties of recycled resin generated by the model for various value of p and r.
This model development is based on the same concept of those

in (16)
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Table 4.12 Simulated values of recycled plastic pellets property

n=1 n=2 n= n=4 =3

0.890
0.878
0.864
0.847
0.829
0.783
0.762
0.738
0.711
0.681
0.677
0.651
0.622
0.588
0.553
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Figure 4.27 Property generated by the model for p = 0.8
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\\\\ e A

\ del for p=0.7

nf : kin Drinking Water

ﬂuﬁl’mﬂﬂﬁwmﬂ‘i

The result cf the experiment is presentgd in Tables 4.13

1R bk 4 i o

and product in plant No. 9, 10 are (PE19-001, PE19-101) and (PE110-001,
PE110-101), respectively.
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Table 4.13 Tensile stress of a pair of feed and product in a drinking water
bottle plant ( Feed being virgin resin ) (details in Appendix F)

Plant no. | Tensile stress Tensile stress p
of feed, MP& of product, MPa

9 0.97
10 0.97
7 0.97
Table 4.14 Impact st 1-/ : ‘\ product in a drinking water
bottle planf (Fé 3[“ \ ails in Appendix F)
Plant no p
9 0.54
10 0.51
average 0.53

Pﬁets froni Dnnlunﬁ Water Bjmﬁ v
The result of the experiment is presented in Tables 4.15
and 4.16 for tensile stress and impact strength, respectively. A pair of feed and

product in plant No.3,4,4 are (PE13-102, PE13002), (PE14-102, PE14002),and
(PE14-103, PE14003), respectively. PE13002, PE14002, and PE14003 are

recycled plastic pellets.
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Table 4.15 Tensile stress of a pair of feed and product in a repellet plant (Feed
being ground post - consumer drinking water bottle HDPE) (details

in Appendix F)
Plant no. P
3 a0 , 1.02
T——
4 7 249 1.08
4 \ 1.00

7/

Table 4.16 Impact stzéngth

average

!\\\\: | 0w

product in a repellet plant
rinking water bottle HDPE)

(detalls iﬂA 0 Hl_i‘._ .+ 2y
_AWINY ¥

-

/
I

¢« ADB.26 o 96.54 0.89

ABYYIINEINNT 105
IR I A TINE T Y

4.8.2.3 p - Value for Combine Process

One cycle of recycling process is a combine process of
drinking water bottle process and recycled pellet process. The p - value of a
combine process is then the product of p - values of both processes.
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Therefore, in one cycle of recycled process, p - value
for tensile stress is 0.97 x 1.00 = 0.97 and p - value for impact strength
is 0.53 x 0.97 =0.51.

and 4.18 for tensile sties§Sad ig4ct strength, reSpestively. A pair of feed and
product in plant No. #8re P} 11

respectively.
Table 4.17 Tensile stres uct in arepellet plant ( Feed
being mixtu onisumer bottle PE ) (details in

1sile ﬁess

tqf product, MPa
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Table 4.18 Impact strength of a pair of feed and product in a repellet plant
( Feed being mixture of ground post-consumer bottle PE) (details

in Appendix F)
Plant no. Impact st '-u h Impact strength p
of feed, J/m |/ product, J/m
- \w /
- ®>ia /_.55.70 0.68
— ‘—

7 0.20

average ///l\‘&\ 044

e

N\ S
\

ment is pl'ﬂSElltﬂd in Tables 4.19
i 1 ectively. A pair of feed and
Fare—(PP16=101;PP16=001); © (PP16-102, PP16-002),

product in plant No. 67 J_
W
002), rﬁ:recuvely

(PP17-101, PP 17-001)%
Table 4.19 Tensile stress/of.a pair of feedsand product in a repellet plant ( Feed

be@%ﬂe’%ﬁ’fmm ) 4efaitd inl Kppahdix F)

and 4.20 for tensile stﬂcss _

A REESILY b bl
of feed, MPa of product, MPa

6 30.43 22.35 0.73

6 29.12 29.47 1.01

7 19.79 25.17 1.27

7 16.06 20.06 1.25

average 1.07
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Table 4.20 Impact strength of a pair of feed and product in a repellet
plant ( Feed being mixture of ground PP ) ( details in Appendix F)

Plant no. | Impact strength | Impact strength p
of feed, I/ of product, J/m
6 11.64 0.55
6 _.-__/J.ZT 1.14
T—

7 1.16

7 1.15
average 1.00

4.8.2.6 ¢ lue ift' th " cess Making Recycled Plastic

nt is D esented in Tables 4.21
ciiVely. A pair of feed and
g %i (PS18-102, PS18-002),

and 4.22 for tensile ess and Impac

product in plant No. gare S18-
respectively.

F’T‘IJH’JVIW]?WMﬂ‘i

Table 4.21 Tens:le stress of a pairo andproduct in a repellet plant ( Feed
q  AERTLTE I gl DT b YT
Plant no. Tensile stress Tensile stress P
of feed, MPa of product, MPa
8 27.36 27.97 1.02
8 22.67 22.39 0.99
average 1.01
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Table 4.22 Impact strength of a pair of feed and product in a repellet
plant ( Feed being mixture of ground PS ) ( details in Appendix F)

Plant no. | Impact strength | Impact strength p
of feed, J of product, J/m
8 | | ', 25.61 0.96
R
8 .85 0.96

Average -_— | N 0.96

0

experimentally, p-value

Table 4.23 p-yatuefor P/t f q

Tensile stsess, MPa ¢ mpact strength, J/m
- " . 0 0 [ 1]" ‘3L
QB' ;!'v- 1[‘| ’ ,; c ‘ l’;“ ‘ Retvcled P

llets | pellets | ¢ vellets éts
m : | P e :
P 5. 23127 ¢ ' w ‘. ol (I 028’ o 0.42

PP 26.99 24.04 0.89 - - =
PS 34.29 28.22 0.82 33.43 26.20 0.78

* Blow molding grade only
** A good average value cannot be obtained based on Table 4.10
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4.8.3.1 Recycled Pellets from Drinking Water Bottles

According to Table 4.13 and 4.15, tensile stress of PE
product decreases slightly and remains essentially unchanged during repelleting
process. Table 4.14 shows that impact strength of product in a drinking water
bottle plant is lower by half; ol 7

as shown in Table 4.16. =

—

little during repelleting process
=
nsile stress._and impact strength for one
cycle of drinking wate; e fsd g coycled pellet process from 4.8.2.3
are 0.97, and 0.51 (o
pellets can be generated byt c i ) for vanious r. Their Ppixture /Po
and curves are shown igfTables *_ il 424004 B yures 4.29 and 4.30.

i Figires 4.29 and 4.30 show that their
properties will be decreas ;' ot of recycling process and have a
constant value at number of % Thesefore, the worst expected tensile
stress and impact stfgngth are 94.6 94 and 333 55 zespectively of the original

properties.

U
¢ o v/

) 6 PRI WL G e over
than that of recycled pellets made from drinking bottles (4.8.3.1), and further
more, p-value of two different samples are quite different. This may caused by:
a) No mixing of feed. Feed may consist of various grades of HDPE and LDPE.
Consequently, product composition may not be the same as feed composition.
b) Pigment is usually added in the case of recycled pellets from mixed bottles

which already contain pigment. ¢) Processing temperature may be set higher ;



Table 4.24 Ppixture/Po of tensile stress for recycled pellets from drinking
water bottles
T Pmixtlrre / Pg
n=1 n=2 n=3 n=4 n=5
0.967 | 0.967
0.1 0.970 \\‘i
0.2 0.9 "-..._ 05 - 0.963 | 0.963
0.3 0,976 ?” 63 0.958
0.4 U i’ /n' ' \ 0.952
0.5 ) j/ 1 0.946

Ne ’\\
Table 4.25 Prixture/o 0 pa : ecycled pellets from drinking

water bottle

0.1
0.2

Y
0.4

ol 1) 610 {1 &det]

n=5

00.458 | 0455

{1394

W 1 ,l-‘

03

an'ihl “bzs)

0.484
0.454
0.422

00.388

B
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Figure 4.30 Impact strength for drinking water bottle and recycled pellets
process generated by the model for p=0.51
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thus cause more degradation.

Minimum values of properties of recycled pellets from
mixed PE may be obtained from p- values in Table 4.23 which are 0.90 and
0.42 and can be calculated to be 82.9 % and 27.4 % of the original properties
for tensile stress and impact strength, respectively.

E n 422 degradation of PS
during repelleting proce 1//// u of PS virgin pellet may
be estimated from Table . : r€:0.82 and 0.78 for tensile
stress and impact strength, ctively | -w mum property values can be
calculated to be 70.9 % agll G M“' riginalproperties for tensile stress

. ﬁh )
and impact strength, respect 1@_

od P
)

:iucs of rec}red pellets from mixed PP are
presented in T . i ed by the same
factors as in 4.8.312 of recycled pcllets from mlxed PE. However statistically,
e A SN TR T ey s 0
cased of PE and PS. Degradation of PP virgin pellet may be estimated from
Table 4.23, and its p-values is 0.89 for tensile stress. Minimum property values
can be calculated to be 81.3 % of the original properties for tensile stress.



146

4.9 Uses of Recycled Resin and Plastic Waste

4.9.1 Presented Use

4.9.1.1 Local

R —

new products by proces ..r:lrﬂ'"« cribed m4.3. Recycled HDPE, PP are used

to manufacture washbg furiituce, rope, bags, egg cartons,
wood pallets, ring netg#r /@Q&\E\ for manufacturing tape

cassette. Recycled PV

4.9.1.2 Abfo: -ﬁ"&" \

,,.?‘J"'"'

! tope, and Asia has been recycling
plasticwasteisre —u ...... hefe/ are many products in
production or under .F?-- op ‘

- Wa]km%, shoes : Deja Shoe.s have uppers made from recycled

R ﬁ“ﬂ“ﬁﬂ“’?ﬁ HRFNEINT

scu]ptm'eos pmduced from Cylestﬂne a mixture of
e QR IR WV ERGE
- Novaphalt: a construction material of asphalt mixed with

LDPE for highway paving.
- Carpeting : beautiful carpeting in many colors made from

-~

recycled PET.
- Park benches and picnic tables : some made from commingled

plastics, some from 100 percent HDPE.
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-Containers, bins, trash cans, composters, shipping containers :
some with percentages of recycled plastic, some 100 percent recycled.
- Parking stops of 30 to 40 percent post-consumer plastic.
- Plastic lumber products : mailbox posts, fence posts,
decorative outdoor planters, and trash bins.

packaging.

- P e:‘
- Watch

PRI A 5 B A i e

worked togethe® to improve recycled plastic waste intotlﬁnisla product.
B QAR 4TI BRI )

Plastic Bottle Institute (40) revealed that ketchup and syrup
bottle made from polypropylene can be combined with HDPE from recycled
milk jugs without affecting the production of new bottles made with the
recycled HDPE material,
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Poly - Anna Plastics Corp. (40) have injection mold pails and
buckets made from 100 percent recycled plastic. They have even found a use
for colored laundry detergent bottles before they are color sorted. All the colors
are mixed together tocreatea special blend which is called " environmental
green ", Its blend is used to mold recycling bins for curbside use.

Dow Chemical Cana d Resource Plastics Corp. (41)
enh AT &of kilograms of recycled high

density polyethylene madc fior st-consumer container. Then,

Resource Plastics worked” i eonjf ‘ \ on with Rlax Inc. of Burlington to
produce a motor oil comfain -[- from N 11t post-consumer recycled
plastic. _ .- —

In China £42){ the reciamation and pelletizing of mixed plastic
wastes such as PE/PVC, BE , : h* as available technology on a large
scale. The Xingguang Plast s&@'@! 2 Factory in Shanghai has introduced a
reclamation line from Belgmgg@ “and. pellet ng tests using waste mixtures of
90% PVC and 10% P& fav us waste plastics can be
processed into pipes, sods, sheet, batltubs, shoes, washboards,
buckets, fruitpackaging xes, and many kinds of farming tools. Beside, China

e o e AL BRI B TR s s

blend of rubber dild plastic waste to, make ﬂu-m' tiles and soles

3 W HeF %Wqﬁr‘%ﬁﬂﬂﬁ‘ﬁ" i
new LLDPE materials for the production of trash bags, specially designed to
be mixed with post-consumer resin. The Dow product is octene-based LLDPE
material for mixing with 25 % recycled HDPE milk jugs and Quantum is
butene-based LLDPE resin containing 15 % post-consumer resin.
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Sonoco Products Co., Hartsville, S.C., (44) have produced
Edgeboard, a protective industrial packaging product from recycled plastic and
paper. Edg.ehnard comprises at least 50 % plastic by weight and provides
moisture resistance and better surface protection. It is used in the argricultural,
steel and aluminium , building materials, and rigid container markets to provide

edge or surface protection du “‘ /"

G 's liquid laundry and gleaging profiséts. Underthéiprogram, containers made
of HDPE will be collected cdrbside. aud il b reycled by Plastic Recycling

Alliance (PRA), a joint venflirg/iii North Afiléricd between Du Pont and Waste
Manager Inc. 7

The Tedhnical Cor ¢ Bottle Institute (PBI)
(47) studied recycled- polypropyl iners »ed for ketchup, salad

dressings, syrups and pi;rsnnal care, hu ehold and medical products. Test

results demunsﬁéumﬂva % 8 %%Qcﬂl part of the post-

consumer, high 1ty polyethylene stream d reused in @als of up to 6

e A A Wlﬂ’%‘ﬂ t18 e

The Dow Plastics Development Laboratory (48) in Tagerwilen,
Switzerland has an automative panel manufactured from 30 percent recycled
material. A core layer of recycled reinforced reaction injection molded (RRIM)
material is sandwiched between two layers of glass reinforced material.
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Vanguard Plastics, Inc., (49) is in the forefront of the grocery
sack recycling effort that has captured the attention and participation of
supermarkets and consumers throughout the country Van-guard works with
them to provide large bins on site for consumers to return their plastic sacks.
The sacks are shipped back to Vanguard, where they are processed and used to

make more plastic sacks. ,//

Plastipak
dressing bottles for

This is the first time reg : been |
than soft drink bottles® PlaStipaly’ worked with three other companies: Kraft
General Foods, of Glea¥iew. i { C &, ofiDundee, MI and Hoechst
Glowp. The e ttles are made with PET resin

amxfacmred 24-ounce salad
(KGE) that contain recycled plastic.

2d in food containners other

ical . Company ' (51), the world's largest
manufacturer of polyester plastics for packaging, announced that it has received

s no-objecion lonég i e ood ind Drug Administration

x non quantities of PET with
recycled content for use ‘m ackagmg apg.l}catmns that include beverage, food,

wud toiltries ﬂ‘lJEJ’NﬂEJWﬁWEJ’]ﬂ‘ﬁ

The National Association fﬂr Plastic C er Recovery
ovrc TN S I e s o
recycling of Penn tennis ball containers made of PET plastic. All Penn tennis
ball containers are made with a minimum of 25 % recycled content. The
company encourages tennis players to return their containers for recycling
through local collection programs. PET plastic tennis ball containers can be
used to make new soft drink and tennis containers, along with more than 50
other products, including fiberfill, industrial strapping and polyester carpet.
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Five Penn plastic tennis ball containers produce enough fiberfill to fill a ski
jacket.

The Pepsi-Cola Company (53) said that it has achieved an
environmental breakthrough the use of recycled piastic in its soft drink bottles.
Pepsi planed to introduce the first beverage containing recycled PET into the
market place in 1991. The developmentiarked the first time recycled plastic
would be used in direct contag \ ol-fepackaging. Total recycled bottle

Hoechst Celanese
i1 -ever plastic soft drink
bottles made with a bl ycled platies. They have been in contact with

U.S. Food and Drug Admingsty g the process.

PET plastig ycled in the U.S. (53) were
used to make carpeting, fi for, jackets and comforters, lumber,
piping, patio furniture and non-foog

Retedh2 4 wmit of a(.;, \l“ 's recycling company
Reko bv. (54) has rec Al PET the Benelux countries,
West Germany and Austnn Re-tech technolugy enab es the company to obtain

s ol A A PTG TR o ot of s

be used as material for films, blister packs and bottles for the non-food sector.

Pemande VPP HE e A PR i b

ARCO Chemical Company (55) has announced commercial
availability of a grade DYLITE expandable polystyrene (EPS) resin that
contains 25 % recycled material. It is expected to find widespread use in
industrial and consumer packaging applications.
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Lin Pac Plastics (56), the main supplier of expanded PS trays to
Mc Donald's in Europe, has set up a recycling scheme in the U.K. Trays are
separated from other materials at the store, and returned to Lin Pac's plant. The
PS can be reused in such items as insulation board, coathangers, and loose-fill
protective packaging. The cups are take to a plastic recycling company,
' . The recycled material is slated

ts, flooring, and other non-

Thermoplastics Compounders,

ids (57) has recycled Low
Density Polyethylen LDPE, s nainly from agricultural
and horticultural film old-we '_ i verted into granules for
production of refuse i

Himont the polypropylene resins
(50 imillion pounds of battery case

. Approximately 40 % of this

used to make battery c ¢
polypropylene are recycled m—ﬁg‘:ﬂ &’

g =

recovered PP was thes ..--a-----.-;-..i.-i..:_.::._.A.,.v*w eries.
\‘
Coors Hrewery it .'ﬁ(ﬂg) extrudes its own

polypropylene slip sheess used in pla{:e of wood pallets to hold beer cases,

with up to 93 pﬁr% m d/nfebial ‘i’h%’]:ﬂﬁlmﬂ about 2,000

Ib without brealrmlg or cracking, and are dlmlﬂhed to prnwdengushmnmg from

socis. WIANNIUNUTINETR E

Lever Brothers (60) has announced that it will commit to using
at least 10 million pounds of recycled plastic annually in its household product
bottles. Its agreement with Sonoco Graham Company, one of the largest
producers of high density polyethylene bottles is expected to accelerate that
company's efforts to develop nation wide plastic bottle recycling and to
produce more of its bottles with recycled plastic. Lever is assured that virtually
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all of the bottles Sonoco produces for the company will soon contain recycled
plastic at levels between 25 % and 35 %.

N.E.W. Plastics Corp., Luxemburg, WI, USA, (61) recycles
clean HDPE post-consumer milk and water bottles and industrial scrap into
conventionally extruded plastic "lumber" and sheeting,

( W/mnufacmd polyethylene bags
=

| first commercial product
resulting from the plasti€S 4€ufeling developmentipartnership between the

Department of Transposfai 11
Resources, and Du Pouf” Safefy Cade-ismannf ture from about 100 recycled

4.9.2

rﬂkc ordinary products in
local markets such as waahbasms pails, b ckets, baskets, etc. Since the impact

Siengfhof f‘ﬂ"%ﬂ"% %%Wﬁ AP rosin, the sbove

mentioned produdf will break after a short peng of service. Thus, the broken
produts QU R i T ot v
the waste p?ubl:m.

To lessen the waste problem, it is recommended here that the
recycled pellets be used in one of the following manners

1) recycled pellets should be used to make permanent products.
For example fence posts, and pallets.

or 2) recycled pellets properties should be improved. For
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example making polymer blend and composite.

AULINENINYINS
ARIANTAUUNINGIAY
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