CHAPTER II

OVERVIEW OF WASTE AND PLASTIC RECYCLING

L o

Munigi c s is composed of a vast array of products
which have lost their uséfulficss & sen discarded. These wastes include

2.1 Waste

2.1.1 Munici

home wastes, commerci sies and ity wastes, While home and commercial
wastes are usually placed : fe dic removal by a collection
agency to a landfill or ingir erator, '_'. ‘- ¢ Wastes usually collect elsewhere and

require special ha.nd]mg and W \/ !

light bulbs, clothes, ml}er products, wond, and fmd items. If these products

are not scpanmﬁ.% ﬂs% wﬂ!ﬁ@,ﬁnﬂ Eq;ﬁ,ﬁc in the home, this

waste becomes Very hetemgenmus‘.

) 1 QS B ] G s
institution8 such as hospitals, banks, and schools. Although these wastes are
also heterogeneous, they contain high percentages of office waste and
packaging materials. City wastes include automobile bodies, large appliances,
tires, dead animals, demolition waste, street sweepings, crankcase oil, and
sewage sludge. A sample of municipal refuse is given in Table 2.1 (6)
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Organic wastes, sewage sludges, animal wastes, crop wastes,
and food wastes and high - nutrient mineral wastes must be returned to the soil, |
implying the displacement of synthetic soil nutrients. Metals must be returned
to the industries that generate them.

Materials made of natural fibers, wood, paper, paper board,

and some textiles, can be returned ta theip'originating industries, implying the
displacement of pulp wc ,*L.{f"“;" 7 vdol_eotton, and so forth. These and
synthetic materials like synthete textiles, plastics, and rubber can be converted

Glas i g \e wastes, and similar minerals must
v *. 1 an industry traditional
in its structure and . ew of total reclamation
possibilities in domestic afid gommerc 2 shown in Figure 2.1 (7).

Jif-’?ﬂ?ﬁ ,-*

move into constructiongmate

with questions of hﬂw t? safety and :ﬂ:‘ecuvely mﬁnage their municipal solid

waste. Most Wﬁﬁhﬁ i:wnﬂ ’q;ﬂ‘jﬁx solutions to the

waste issue and that the only real éoluncm is an integrated waste management

o RN GAVERH ) 1127 6 )

- Source reduction
- Recycling

- Incineration

- landfill
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Table 2.1 Typical municipal refuse

Paper Glass, ceramics, ash
- corrugated paper boxes Vegetation
- newspaper - ripe tree leaves

V/// flower g::dcu 8'w::llams

ﬂ‘lJEJ’J“fIEJVlﬁWEJ’]ﬂ‘i

tly about 80 percent of gt: municipal Hsh in the United
s ST DA Hebbd o e
recycled. "To conserve diminishing landfill space, many states now are
developing plans with goals to increase significantly the quantities of recovered
materials. For example, the U.S. Environmental Protection Agency has
proposed a national recycling goal of 25 percent by 1992. In addition, the share
of waste disposed of in waste - to - energy incinerators is projected to increase
to 20 percent. Incineration reduces the volume of municipal solid waste
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Sewage sludge Infectious refuse mf:ﬁ:mfg:ﬁ;::;':;::;- garden,
1
|
r Tt 1
Waste heat : Separation
Pasteurization incineration of refuse
1
Classification Composting
] . . . L
Sludge Waste Ash 5 ; \ i Gloss for Poper for  Compost
for soil heat for filling ! | i recycling recycling for soil
Improvement FECOVErY [P {&. & IMprovement
b9
Figure 2.1 An idealized : possibilities in domestic and
AL
commercial S (PP
LORINY
by about 75 % ; the- , oes to . The energy contents
of average composi mately 4500 BTUs/Ib (9).

Basmopemtmnufam reﬁ:scm::mmtnrarc wn in Figure 2.2 (7). The

e o Mﬁuﬂﬂ%‘m TR Trgs o s

problems of ashldisposal, global wmmmg carhon dioxide gases, and a large
e A A 9 g s o e

reliance on the incineration of municipal solid waste will detract from recycling
initiatives, because the technologies of incineration and recycling compete for
much of the same trash. Although both methods can considerably reduce the
volume municipal solid waste, recycling does so at much lower expense and

without emissions and ash.



20

Refuse

LA ] = T
|

..f.t:?r"" P S

i . ip!" ‘J"

F:gmzz Basic opt fr. 'l- dern refuse incinerator

Ash and
residpe quench

i

E 7
A ..-. , ....f. solid waste is
mcmerateﬂmEmpeJapanthnnmmeUmte tates. In West Germany,

s v o ) ST APY RO 2 0

incinerated in 42plants ( 10,11 ] andﬂmremmnder lslandﬁ]led. A higher
ey P TN FOLN FINY TRy =i
Netherlands than in West Gcrmany (10). In tntn], Western Europe currently
incinerates 30 to 40 million tons of municipal solid waste per year, or
approximately one third of the total generated. With little landfill space, Japan

has the best record of recycling. Approximately 40 percent to 50 percent of

municipal solid waste is recycled and 23 percent is incinerated.
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In the United States, the composition of municipal solid waste
is shown in Figure 2.3 (8). Paper products and yard waste represent 59 percent
by weight, with plastics, metals, and glass each falling in the 7-9 percent range.

Packaging, which has been targeted by several states in their
new waste reduction strategies, represents about 30 percent of the municipal

w}r 7 million tons in 1987.

1 o bottles. Plastics share of

of the materials used w
About 24 percent of this«f6

packaging and uses o / // \ g
(8). Plastics most used i / J: PE,) 0 %% PET, 10 % ; PVC, 5 % ;
PP, 3 % ; and others, 2 N

hown in Figure 2.4 and 2.5

lohe ¢erephihdlafe soft drink bottle and the high
density polyethylene milk, n.-- . Tuit juice jugs are the primary
se 55 pen:eni of the plastic bottles

beverage containers and rep
produced domestically ir k, 26 percent).
sownds of PET soft drink

bottles and 70 millic Ipounds anDPE from soft drink bottle base cups and
milk and other, W , fTﬁmﬂ:d States. This is
equivalent to 20qpercent ent recycle rates, respechvely, for these two

= RN TN TN



v 4 -ﬁ.. o
QRVANTTI Ul VI BV 2l

Sowscw: Franklin Assooalas

Figure 2.4 Plastics share of packaging
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Containers

Recycling Research (CPRR), in the USA position Tegarding the best way to

maximize the ﬁwﬁmﬂlﬂ %iﬁﬂlqﬂﬁct mixed recyclable

materials from Households on a re%plar basis. Eese multi - m:jerial recyclables
o QY O FRRES T 899 e oo
Newspapérs are bundled and set out at curbside, with the other mixed
recyclables placed in a special recycling container set next to the newspapers.
The recyclables are loaded into two separate bins on a truck, one for
newspapers and one for the other recyclables, and are taken to a Materials
Recovery Facility (MRF) for separation and preparations for distribution to
reclaimers (13). The truck is shown in Figure 2.6 (8).
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Collection Vehicle for Recyclables

Relative Volumes per Truck Load
(30 Cu. Yd. Capacity)

Figure 2.7 (13). Newsghpgrs/front flig/colléction Yehicles are emptied onto a
belt and taken directly tg'a baling ¢ and prepared for shipment. Mixed
.ai = "ﬁ L
recyclables are then empti€d pnto a belt which'leads them through a series of

separation steps. First, tin pla ¢l eansi(.and other ferrous materials ) are
remove via a I :_:1'-: a-;;Lf:::ia;:x—-:I;-" gimium ( and other non -
' nn step. Glass and
plastic containers are glen separated b{ldensity using a chain curtain on an

oo G454 S B 1 5 . g, e

brown. Plasticsre hand scparateg,mto three catcganes un Jlgmcnlacd HDPE

i 165 45 ) ) 6194 R0 1)t e curbi

tailing plﬁsties, which now are landfilled.

ferrous metals ) are remn



FROM SEPARATE Bl WITH EDDY CURRENT
ON TRUCK SEPARATION
4 4
RECYCLABLES
NEWSPAPER
s EDOY CURRENT
PLASTICS & GLASS
SEPARATED BY
DENSITY
OTHER SENT l
TO LANDFILL

1NN T

Uﬂ PIGMENTED

RN Ing 8

F1gure 2.7 Flow diagram of typical multi - material Material Recovery Facility
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2.2 Local Waste

2.2.1 Solid Waste Generation and Disposal Rates

Estimates of the amount of solid waste generated in the

Bangkok Metropolitan area are very difficult to arrive at because of the amount

of scavenging and recycling » hat oc a the points of waste generation
.J ¥ % .

and the disposal sites. Tiffle reliable mm:s available regarding the

quantity of material remuoved#foin the waste stieam by source separation and
recycling at homes and ¢6muf tabli
articularly from residences and
small commercial establish ly sold to street scavengers who
operate from door to do These street scavengers sell the
collected materials to localfecyclis s shops

Figure 2.8 (14) s & graph
waste tonnage disposed of pe th As shown in this Figure,
waste quantities nea l doubled t : ‘*‘“’_ of FY 1984 (October

: ohi : illﬁstratinn of the average daily

)..,_d“

I .
1983) and August 19 ﬁ'om an average of 2500 ! ‘4700 metric tons per day.

T o g VTR e o

sites during the @ourse of a given ym

RN URIAINYAY

2.2.2 Solid Waste Characteristics

Several studies have examined the characteristics of solid
waste in Bangkok. These studies reported analyses of samples from the mixture
of wastes that arrives at the disposal sites. Additionally, JICA reported analyses

from various sources of waste generation. The existing data base from these
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studies (summarized in Tables 2.2 and 2.3 (14).) has been useful in determining
technological issues for ultimate disposal of the entire mixed solid waste
stream.

The overall composition of Bangkok's solid waste as

determined in previous studies compares well with compositions determined

for urban areas found in middie-incor o de veloping countries, as shown on
Table 2.4 (15). Thailand isefficially defin€a-by the World Bank as a middle-

level of service and the sesvi '- pul 1 for each of the 24 districts through
ice population is expected
987 to about 7,522,000 in 2007.
As sho y : I’,l"r expected that the level of service
provided in the six mt}r mggmﬂw | temain at 100 percent through the

z-"-" ‘-"-n' e

the year 2007. As shoygl iu tils Tabiejfhe ¢ ‘
il L '. P — % 1 :

planning period. Thetefore. an increase in the level'gf service is not a factor in
projecting the future waste quan ' 2 '” " the disposal sites from
these districts.

ion is projected to
increase by abotut 354,000 people‘by the ymr 2007. An esnmatcd 90 percent of
v R AN DY R o me
anticipatéd that service will be extended to 97 percent of the population in the
next 20 years. The growth in population, combined with an improvement in the
level of service, is expected to result in an increase in the service population of

about 422,000 people.
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In the nine semi-urban districts, a population increase of
approximately 2,159,000 is expected by the year 2007. It isestimated that about
85 percent of the existing population in this area is currently served and that 89
percent of the total population will be served by the end of the planning period.
The service population is expected

tc) increase by about 2,051,000 people by

the year 2007. //

@um in the five semi-rural
districts currently lle ‘-_- The projected increase in
population in this aree of Jdrie and ¢ ¢ populatic density is expected to
remain relatively lows f, waste ol ices are expected to
increase only modestlyto abg Nz \of, e fe al population by the year
2007. This will result igfan ingrease on sefyice pepulation of approximately
180,000. 2

t_ representation of the waste
projections. As shown in rage daily tonnage of wastes
arriving at the disp Ssties 13 proy - 5e e approximately three
times the current to and re; | o nnﬂlﬂ'?ﬂ to 14,760 T/D by

the year 2007. The medijan of the high apd low projections is shown in Table

26 ﬂ‘LJEJ’J‘V]EJWﬁWEJ']ﬂ'ﬁ

able 2.7 (14) shews the projected breakdgwn of the waste

seam 69pihich binpdenis o vk 200d. 11 £)°) 1

Each district manages its own fleet of assigned vehicles within
the district. They are dispatched as early as possible in the morning to
commercial areas and later to residential areas. Each wvehicle is assigned a
collection area which is small enough so that it can be covered by the truck and
crew. The driver and crew often set their own pattern within the area rather

than follow a predetermined route. Frequently, it is necessary to double back
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Table 2.4 Patterns of municipal refuse quantities and characteristics for

low, middle and upper income countries

Low-Income Middle-Income Industrialized
Countriesd CountriesP Countries®

Waste generatiion 0.4-0.6 0.5-0.9 0.7-1.8
(kg/cap/day) - /
Waste densities // 170-330 100-200
(wet weight basis- —_‘ZJ
kg/cubicmeter) :
Moisture content 20-40
(% wet weight at
point of generation
Composition
(% by wet weight)
Paper 15-50
Glass, Ceramics 4-12
Metals 3-13
Plastics 2-10
Leather, Rubber -
Wood, Bones, Straw -
Textiles 2-10
Veggetable i g 20-50
Misc.inerts 7 M - 3 1-20
Particle Size, % mm 10-85
greater than 50 mn

s oAU S ANENS NUNA S e ncome

of 1éss than US$400 i 1983.

q PRt T AL rvm sl i

Countries with industrial market economies had annual per
capita incomes from US$4,780 to US$16,290 in 1983.
d This may be reduced in areas with household or commercial
garbage grinders which discharge to sewers.
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Table 2.7 Projected physical composition of waste stream

36

I. Waste Component Range in percent wet weight
1987 Sampling Projected year 2007

1. Combustible
1.1 Paper
1.2 Garbage
1.3 Textile
1.4 Wood and
1.5 Plastic
1.6 Rubber &

2. Non Combustibl
2.1 Ferrous Metals
2.2 Non-Ferrous M
2.3 Glassl-3 -,
2.4 Stone and CeFamics

3. Millcellaneous ﬂ

X

S
J

¢ wome D) 3 NN UGN
+ AAAAND IO UNAINY VN Y

12-22
20-35
6-9
8-15
12-18
1-3

1.7-2.2
0.2-0.3

3-5
4-6

52-56
s 12-20
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within the area for wastes carried out late for pickup. In some cases, a final
pass through the area is made before the end of the collection day.

Since crews actively try to recover recyclable materials, the
trucks also carry baskets for those materials. Sorting and separating recoverable
materials occurs as the truck is being filled and thus lengthens the time for

loading waste. In setting prioritie withiu signed areas, there is a tendency
to first service locations likely o contai argii-amounts of recyclable material.

districts go to one, two or all

three sites, dependin fistanc travel tme At the entrances to the

disposal site, collectiofi tyu€ké mill ab : \ off points of the recycling
businesses. There, baskets gto aterials z emoved from the trucks
and sold
2.2.3 Treatment a
s Garbage Disposal
Division currently opérates disp hree Bﬁaﬁun& : Nong-Khaem ,

On-Nooch, and Rmn - as shown ip Figure 2.10. The distribution of the

mmaﬂum%mmm@ iy, 1907 shown

in Table 2.8 (14)

o Vi) e SIB IR Bhoie e

c-umpnstmg facilities and small incinerators to burn materials rejected by the
compost processing equipment. Over 90 percent of the solid waste delivered to
the three sites is disposed of by open dumping,.
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Four primary composting plants were constructed at the three
disposal sites in the late 1970's. Two plants, each rated at 320 T/D input
capacity, were constructed at On-Nooch; one rated at 320 T/D at Ram-Intra
and one rated at 160 T/D at Nong-Khaem. All four plants were built by the
John Thompson Company and inclu shredding and classification steps
tation \ orey high, tipping floor type
fermentation barn. An inci BRI as gonEEACT s part of each plant to burn

the reject stream from aste G1ass pment.

4\\\\\.

\

sites

Month

Total
March 3669
April 4083
May 4258

w uﬂ%’iw'ﬁimﬁ% s
;HWEW’%’?H WETANEIA Y
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Nong-Khaem Disposal Site
The Nong- Khaem disposal site is located in Nong-Khaem

District in the westerly portion of Bangkok. This site has been in use since
1972 and encompasses approximately 370 rai (59.2 hectares). During the
period March to July, 1987, an averaga of 1,670 T/D of waste was disposed of

~Khaem include administration
scale house, truck washing yard,
the Fertilizer Enterprise
ne fa -.- in a number of large

The fa
and maintenance buildifigs,.
compost plants and an opefi day
operates compost screeuin
buildings on the southierlySide

A Flov
shown in Figure 2.11 (14

acilities at Nong-Khaem 1is

gcated in Phra Khanong

n."’:;’“”“ﬁm iﬁﬁzm{%"i‘ﬁ’
e 1 ﬁ%“’fﬁﬁ‘ﬁ“ﬁ?ﬁ‘i‘i‘ﬁ’ﬁ“ﬁ oo

The facilities located at On-Nooch include administration and
maintenance buildings, two separate truck scales and scale houses, truck
washing facilities, two primary composting plants with incinerators for
compost rejects and a large open dumping area. In addition, night soil treatment
and disposal facilities are located on the south side of the site and a compost

screening building is located in the south east part of the site.
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Figure 2.11 Nong-Khaem compost plant



42

The composting facilities at On-Nooch consist of two John
Thompson type primary fermentation plants with an input capacity of 320 T/D
each. Both plants were constructed to a common design between 1972 and
1978 and were started up by the Bangkok Metropolitan Administration (BMA)
in 1978. The flow diagram for the ? is shown in Figure 2.12. (14)

ed in Bang-Khen district in

the northern part of E in operation in 1972 and

NN
/ / ’ \\\‘\ hectares) of which 59 rai

cement with an adjacent

encompasses an area @
are owned by BMA ;

19 l (]

land owner. / i
qrf!
The comipo plgﬁ{ﬁ .issimﬂartuthoseaiﬂn—
Nooch and was designed fC i 1D 3 thput of €t metric tons in eight hours at
the receiving pit, 1%200§1?_ mmentation barn and 120 to 160 T/D at
the incinerator. No :f-,--;---'-—-m..—l—--'--— acthities-wete ever constructed at the

site,andtheprimary— plang has always been placed in

the open dump or given away without scrgenin

ﬂ‘lJEJ’WIEJﬂﬁWEﬂﬂ‘ﬁ

2.3 Managgmeut of Plastic Waste

ARIANN I URNINYIAY

Alﬂmugh plastic constitute only a minute fraction of today's
municipal solid waste, their amount is expected to rise rapidly in the future and
they do present a troublesome disposal problem. Plastics can be recycled into
useful products.
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Figure 2.12 On-Nooch and Ram-Intra compost plants



2.3.1 Type of Plastic Waste

Waste plastics consist of plastics resin or product that must be

reprocessed or disposed of.

i 'Waste is a plastic waste generated by

various industrial sectorsy menconsume &' which includes waste from
\ " e ——

molders, converters, in manufactirersyand so on. Normally this

\; & source, can be processed

on traditional moldi ! nen| ,i nay oe ommiing ed. Some G].Bamﬂ.g may

NGV

Cogsumer - Plastic_Waste is any plastic that has been
Syl i

used by the consumer ant 3 to an individual plastic or to a
mixture of plastic. It could b s of plastic, such as HDPE milk jugs ;
two types of plashcjﬁuch as PET be rage bottles with HDPE base cups ; or a

' y& a mixture of two plastics

or a variety of plastics#PET and PE, thg focus of most post-consumer plastm

wast callecih prdne) &mm&a “Pommingled" also

used to dr.scnbc post- consumerdplastic waste, that includes,a mixture of all

types mma& i iy erdal priked, Tomiatedgpitea, pigmented,

painted, ur modified forms.
Contaminated _Plastic_Waste may have nonplastic material

enclosed, such as paper foil, wood chips, floor sweepings, lunch bags, product
residue, aluminium closures, wire reclaim, fiber waste, magnetic strips, and

plating.
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Nuisance Plastics are waste plastics that cannot be
reprocessed under the existing technoeconomic conditions.

Scrap _ Plastics are waste plastics that are capable of being

reprocessed into commercially acceptable plastic products.

232 M—@W/é/z_,

- e —— -
The floy "cs p -\ awell as plastics waste 1s
shownin Figure 2.13 (16)" Lis€ s€<iti manufact 'i upplies the fabricator and

compounder with raw ; ~ u > resin manufacturer are
sold to the reprocessor £Or #proge r u\i‘ bricator as second - grade
resins. g

The fabrigatg 15D the converter, packager,
assembler, or consumer. SCrap pla ¢ ielrecycled within the fabricator's
plant or sold to a rcpwccs 0! _ _> 1S gan come from the resin supplier
or compounder (vi ‘E— ' i< essed scrap) , or
converter (scrap plastlcﬂ.

The oonymunder buys sms from the resin manufacturer,

ot b G ) B0 . e

plastics can be ?éproccssed in the cnmpnnndg‘s own pla:bor sold to the

eoces) WIANTI ITU ANTINE TR E

The converter purchases a semifinished plastic product (e.g.,
plastic film ) and converts it into the finished product (e.g., a plastic package).
The plastic scrap generated by the converter goes to the reprocessor or
fabricator. The packager, assembler, and distributor purchase finished products
from the fabricator or converter, assemble and package them, and sell them to

the consumer, though not necessarily directly. This segment generates nuisance
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Figure 2.13 Flow of s products and plastics waste
plastics, but virtually l| SC Iﬂ
The reg ocessor purchases scrap plastic from various industrial

s o S P ) ey S s o

lastics gefierated by the are recycled in plant.
scrap plastics g by Teprocessor ;ecy p'u

N WTRAFOENTT VE PRepgoces v

nuisance plastics, which eventually end up together with nuisance plastics
generated by the industrial sector in landfill or an incinerator.



47

2.4 Waste Separation Processes

2.4.1 Separation of Components of Municipal Refuse

Municipal refuse can be treated as a potential source of raw
materials. Not only do the individ ~ have some economic value,
but the municipal refuse, | J ﬁ of without the recovery of
of raw materials and the
concern about enviro; ¢ safel disposal of gefuse have added a nmew
dimension to the 10 Tecyt -,- { wastes. Although plastics
constitute only a smail 1 ot municipal refise, the actual quantity is
nicipal refuse, they must
sxperimental processes are
aration plants consist of two

first be separated ;
available for this purpose/"Most.of
main stages : preparation of m@{

sduction ), and separation.

Size reg,ucuun of mumc: al suhd refuse is the mechanical

e T

mechanical foréés of tension, cnompressmn, and shear appli lied by crushers,

s GA R FRA IS -

and hamnfermill

Separation Method
The method used to separate the indiv707069696969nts of

solid waste are based on differences in their physical properties. The following

properties are widely used as a basis for separation processes :



43

1. Particle Size
Since such properties as ductility, strength, and impact
resistance vary from one material to another, the components of municipal
refuse will vary greatly in particle size following the reduction stage. If a given
component has a particle size considerably larger or smaller than the others, it

ed from refuse using magnetic
separators. The principle isWidely lised bécause of its simplicity.

Y ]

f“it components of solid

wastehasbeenacntgrmnformany ears in hand sorting. Automated

spion meﬂawr}%ﬁ@%a i, They

ideally suited for the segregation of matenals as glass a&} for the further

sepat TP GALEK TP %ﬂ@sﬂ e e

The preceding fundamental material properties are the basis of
the following separation methods :
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1. Manual Separation
Manual separation is the oldest technique still used in less

affluent societies. It is of little importance in modern separation plants. The
method is sometimes used at the incoming feed belt to scavenge easily
separable items. Hand separation of paper, cardboard, glass containers, and so

for gravity separation are
vibrating tables, ballisti yors for removal of stones

and other heavy particle

ir classification :size, specific

gravity, and shape. Genera]l}rm T §i 0 ar - shaped columns are used. Air

--r,—v.f
enters at ﬂ]ﬂ bﬂttﬂ .!L‘!. i) 1 mn and the , 0 bE Sepafated m thﬂ

X
middle. A series of ,' et es or flow rates will

l 'ﬂ'm

{
produce several grades uf materials. U.'i'.uzillj,r the light fractions at the top are

collected in cﬂoﬁﬁ:d}tﬁ mWﬁ?m returned to the

column. Instead of a vertical cuhmm sepmt{}r a vortex c]asm.ﬁer may be used
v IR AFI] 41909 Y110 3y o OB
types of air classifiers utilize horizontal air flow, rectangular chamber with
zigzag baffles, a rotary cylinder and a current of air, and vertical vanes. The
choice of a specific system depends on the type of feed and the desired degree
of separation. Air classification is the most widely used technique for the
separation of solid wastes. The various arrangements for air classifiers are

shown in Figure 2.14 (17).
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4.

EE YT SNy e ot o

ferrous metals. 9Separation is ac}mved by:eahanims il;ﬂh as magnetic
e QR YRR A W)

5. Electrostatic Separation

Electrostatic separation is somewhat similar to magnetic
separation. It relies on the ability of some materials, such as plastics or paper,
to acquire and hold an electrostatic charge. The particles are attracted to a
charged roll or belt, or are deflected in an electrostatic field.
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6. Color Separation
Optical separation has found an application in the sorting of

glass according to color. It may find a similar application in the separation of
different colored plastics.

Processes for separ: ' ?‘J ts of solid wastes may be
classified as wet or dry. Dry pre '_ Aﬂl‘uﬂv simpler, require lower
ﬁ )

iromuental problems. Wet processes

energy input, and have fgy :
are usually capable of protuet Ch & -:.;:-n:--' more uniform products. Dry
and wet separation teghfugacs may be used as parts.of the same process. The
Black - Clawson and Glakt& . f which follow, illustrate the

principles of the wet and'c

Black - Clawsos Hydrasposal/Fibreclaim Process
Figure 2. ISW s a flowsheet of the Black -Clawson
. I — | sustem. B _...:.t.—_._...—.—..?z.;_k is mn\re},red to a

H}fdropu]per, where iﬁ convert: d A ]j
containing paper, food ¢ Waste, plastlcs s, and small metal pieces,

et V4605 W WA e Lo i

are ejected thrmﬂh an opening near the hott and remuvcvom the system

o » oI PRI WD Vo B ke v

washed u? a rotary drum washer, and the ferrous metals are removed by

in water. The slurry,

magnetic separation. The slurry from the pulper is pumped through a liquid
cyclone to remove inorganic materials. The reject residue contains about 80 %
glass and some aluminium. The next step is to reduce to discrete fibers any
paper that has not disintegrated thus far, and to screen out such materials as
plastics, wood, and leather. This is accomplished on a so -called VR Classifier,
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a heavy screen plate with 1/8 - in. diameter perforations, and a high - speed
rotor operating against it. The pulsating action of the rotor prevents the
screenfrom plugging. Objects larger than 1/16 -in. are removed in a second
stage of screening, while small slivers and fine dirt are removed in a second

stage of centrifugal cleaning.

After leaving the centifngal cleaner the slurry is pumped over

an inclined screen with horizonral ¢ - ___...—; % of the water goes through
the slots, carrying with 1 ebris, clay, and food particles. The
recovered fibers are g equipment for the first
stage is an inclined ftt ed cylinder set at a 600
angle within which rg nveys the pulp through the
perforated cylinder andfc lo a cone press where it is
dewatered to approxima in product from the Black -
Clawson process is pulp of pz 1g ¢ drawbacks of the
system are high power dmﬁ%ﬁ iT 7 e essity for extensive wastewater

2 e -

cx_

treatment.

Flaktlaste Recovery System
S YR Y o A s

Flaktfabriken is"d good example og a dry sel:pamhon system. Flgm'e 2.16 (19) is
b VP FIETIR YR PR i pmssin o
shredder { which breaks the plastic bags in which the refuse is packed, thus
exposing the material) and a rotating trommel screen (which separates out
excessively large items). From the trommel the material is moved by rotary
feeder into a zigzag type air classifier. Closed - circuit air circulation is
employed and only a small portion of the circulation air is filtered and
discharged. The fan motor provides heat, which helps to dry the material being
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separated. The light fraction is discharged through the cyclone ( Figure 2.17
(19) ) onto the rotary feeder and into the secondary shredder The purpose of
the secondary shredder is to liberate the entrained impurities and to achieve a
more uniform particle size. The light fraction consists of moist paper, some
plastic film, and textiles. The fine impurities consisting of wood waste, sand,
rotating trommel screen. The

dust,andsuun,arescpmte »\
pneumatically conveyed materi t\ om
partially contaminated by 0rgaime matter. Soi Tv?l*” fic film and textile remain.
The pug t further purifications of
the paper product and r n-?a ««\&\*w ble . This purification is
achieved by drying " . The dryer is divided
into two stages :

'B is a mixture of moist paper

Tl | e W Wy o iy — | —— kL L

awﬂﬁﬁ%mwnwmaa

Figure 2.17 Arrangement of vertical air classifier
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heat treatment

watl air

from secondary cyclona
rotating trommal
screen | ]
e —
pldstics paper
D
in the first the materi} is dried and the humid ai iseharged ; in the second the

¢

material is heat - a'f"-'v

heavy material with entrained paper is separated out :
¢ o Q/ ;
The reject cunﬁ , ' the second stage is

separators. In the firsi

used to destroy) bacteria in the J:aper plasu:: 18 cnnmdered an impurity.

S LN LI £ IR 1 ML I

one, a ceftain amount is entrained with the paper. Under the action of heat, the
flakes of plastic contract to small balls which can be separated out
aerodynamically. This separation is achieved in the last heating tower, which is
equipped with a special separator.
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2.4.2 Separation Processes Specific to Plastics

Separation of Paper/Plastics Mixtures

Mixtures of plastics and paper are a common product of

ty of plastic film and paper.
Three main principlcs have BESi sug u is of separation methods :

action about the heated cy T and the heated cylinder rotate in
o fbe heated cylinder at the
bottom. There is a t '-'-"-h' connect ' e blade. Material is fed
into the drum throug} a sheet metal tubc inserted at the entrance. Plastic

et conff D912 ) Syt g e ot

the doctor bladé) Removal of over 90 % of plast:cs from th c paper can be

s A B ) TR o o

contamindnts can be achieved.

opposite directions. /
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_ , Black - Clawson
Fibreclaim, Inc. (21), 1s apphcable to the rmvﬂy of plastics from the light

fraction obtmneﬁﬁ H:WWE’ GTﬁlﬁfunn a basis for a

complete wet separation process. ‘,ﬁ conveyor delivers waste material to

mmahmaﬁ@mﬂﬁﬂmwwmawﬂ e
light fractibn from the air classifier comprises approximately 60 % paper, 20
% plastics, and the balance rags and vegetation residue. The light fraction
is transported to a pulper equipped with rotor and extraction plate having
relatively small perforations. Pulped paper is capable of passing through the
openings. Plastic particles retained in the tub are discharged from time to time
through a separate outlet provided with a shutoff valve. The plastic - rich
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fraction is transferred to a dewatering device and then to an air classifier.

(3) Electrodynamic Separation

Figure 2.20 (23) is the schematic for the electrodynamic
separator. The mixture of plastics and paper is fed into the separator by a
vibratory feeder. The material fz otating ground drum and is carried
into the corona formed bety \“\lﬁ ANEC ciech‘ude and the drum. The
paper is drawn toward } clecirode while hie plastics adhere to the drum. As

the drum rotates, the plas nshg \ he bottom. Good separation of

e /’7// T —
* \\

kV at a spacing of abo

R\ 2
AUEINYNINGINT
AT TINIENAE

Figure 2.20 Schematic diagram of electrodynamic separator :
(1) combination 4-in. aluminum electrode with wire electrode;

(2) vibratory feeder; (3) grounded rotating drum; (4) brush;
(5) adjustable stream splitter
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Separation of Plastics from Plastic - Coated Fabric
A large amount of waste PVC - coated fabric is available,

mainly from companies involved in its manufacture or conversion. All
processes developed for the separation of PVC from fabrics involve solvent
extraction of the polymer. (24, 25)

i of a process developed by

Fiber Process, Inc. Materials-arriving a af are cut into sizes suitable for
hand sorting of the vario Thé soried tefial is dried and loaded into
a jacketed vessel, which issffcasealed au sit gas introduced. The vessel
is filled with a solvent | ),.and the agitated mixture
is heated to a tempera ot ' ling point of the solvent. The
resin dissolves in the i, transferred to the storage
tnk. A total of three wihgh % Gseisd ompletes extraction. Solvent
trapped in the fibers is drivén off <l Mhcen. The dry fibers are then
baled and wrapped for ahlpngfﬁmg polymer solution may be filtered to

preconcentrator, us =‘ v.a vertical - . THe output contains 30 to
40 % solids. The final dryi um in a spray dryer. The

dryer yields a ﬁlﬂﬂ mﬁﬂwd of the original

formulation. Solvént 1s condensed and returned to the process

ammmm URIANYIA Y

Separation of Polymer from Polymer-Coated Wood Fiber
Polymer coatings now constitute an obstacle to paper recycling
efforts. They also constitute a potential source of recycled plastic which could
be reused in the same. Two separating techniques are described : the wet

pulping and solvent extraction processes.
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Figure 2.21 Fib LSS, C recovery system

:
Felton 926) describes vannus wet pulping paper recovery

it s ﬂﬂWﬂ"ﬁWﬁl ok e

suspension, whilé the coating rem?ns in the form of large shccts or particles.

S‘-"“‘“‘@W‘Tﬂ“ﬂﬂ?‘ﬂ%ﬂ%ﬂq@ 6T i i vy

relatively ¢lean, but the plastic portion tends to contain some paper fibers.

2. Solvent Extraction

The schematic of a solvent recovery system is given in Figure
2.22 (27). The process is designed to treat material such as coated kraft
wrapping and packaging papers, plastic - coated food board, oil - saturated
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Figure 2.22 Riverside reco : ces olver-dryer; (2) solvent storage
tank ; ' 3) flash evaporator;
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separation is acfieved by multiple washing of the wastepaper stock with hot
it QSR FOUEH AR 1 B e o
fiber after the final wash. The process is comprised of the following steps :

- air - dry waste material is charged into the dissolver - dryer.

- solvent extraction is carried out.

- residual solvent is removed from the clean material by steam

evaporation.
- steam - dry material is ready for pulping.
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- steam is condensed and the solvent decanted.
- solvent is distilled, recovered and reused ; the coating,

adhesive, or impregnating polymer is recovered for possible

reusec.,

as mixtures of generic ics. ‘The following separation techniques
have been investiga htsinl s, (2) processes  utilizing
differences in surfac i gd (3) Jvent:. extaction. These processes
have the potential for sépaiting simpl ptwo- or e - component mixtures of
industrial plastic |
post-consumer plastic

the separation of a complex

nable. Thus far, none of these

Ats '. municipal solid waste -
polyolefins, PVC, and I:S have slightly d.lffe:rent densmes polyolefins are 0.90

to 0.96, PVC lﬁZ‘H ﬁWﬂﬁ f§ wgﬂ ﬂl% density differences

can be used to Séparate a mixture of plashcs into genenc groups using a
ns QAR HITHUHAPRBAGY b o= s
Bureau of Mines, is given in Figure 2.23 (28). The separation is achieved
using four liquid media : water (p=1 g/m3), two water alcohol mixtures
(p= 0.93 and 0.91 g/m3 ), and an aqueous salt solution (p = 1.20 g/m3 ).
Figure 2.24 shows the schematic of an experimental hydraulic
hydraulic separator using only water as a separating medium : it is a
combination of float/sink and elutriation separation. A mixture of chopped



Waste
plastics
mixture

— PP’

Water-alcohol
d=0.91

Figure 2.24 Hydraulic separator
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plastics is fed into the sink/float separator where the polyolefins are floated
off and the other components sink. The heavy fraction is transported to the
elutriation column where the PS is carried with the water current and the PVC
sinks. The segregated fractions are caught on screens while the water is
recycled to the main reservoir. To test the separator, a plastics - rich fraction

from Black - Clawson process from 14 % plastic to an almost

all plastics mixture. Table /float analysis of this mixture
Polyolefin (PO) and PS fract taminated compared to the
PVC fraction. Most of i s remain with the heavy
PVC fraction.(29)
Table 2.9 Analysis o alic separation of
upgraded Black-Clawson process
y density, g/cm3
Fraction
>1.5
s ﬂ B 53’.] | ﬂﬂ
32

ama\m‘sm w'nmnaﬂ

2. Separation Using Selective Wetting Characteristics

Although plastics are generally hydrophobic, their wetting
characteristics can be selectively adjusted by the addition of surfactants. Figure
2.25 shows a typical set of contact angle curves. The contact angle decreases as
the concentration of wetting agent increases. The effects of wetting agents are
quite different on different plastics. The effect on PP is slight, but wetting



increases on PE, PS, and PVC (in that order). Because of the lower density of
plastics, considerably larger particles can be floated. A flotation cell for plastics
must satisfy the following conditions : (1) air bubbles of the most suitable size
for the flotation of plastics must be uniformly generated; (2) agitation is

necessary to avoid sedimentation of large particles ; (3) there should be no

'#/);and (4) the water surface must be
S

=

turbulent water flow in the sef
smooth and stable. (30)

7
L ‘f [ =

CONTACT ANGLE,

agent and o

i .

3. So |13:!'-t paralion
ﬂlﬁﬁjb ﬁﬂ &J“ﬁ 'T ly soluble in one
another. When tWo chemically different pohrm;rs are mixed E’e}r usually form

o QAR PR O RV VIR ot ot e

plastics, sfich solutions are not miscible. If a mixture of plastics is dissolved in

a solvent, the several phases will contain solutions of almost pure components.
Sperber and Rosin (31) studied the separation of a mixture of polyolefins
(PO), PS, and PVC in various solvents. They found that a mixture of
cyclohexanone and xylene makes an efficient solvent system. Table 2.10 shows
the results of their experiments, which indicate that the major thermoplastics in
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a waste mix can be successfully separated. The effectiveness of the process is
influenced by the following factors : composition of the solvents, temperature,
type of waste feed, and the solvent/feed ratio.

2.5 Plastic Recycling

2. Secondary Refycling ;?‘il ion of plastic waste unsuitable for
direct reprocessing with r processing equipment. Feedstock
includes post-consumier plastics waste i lastlcswaste discrete
industrial plastics wasfe

is capabl: of:rqﬁugmm mmpounds out of :s;urTo?::::
mmammm*ﬁmw YN

4. Quarternary Recycling : The reduction of combustible waste,
which may or may not be accompanied by the generation of energy, to inert
residue by controlled high - temperature combustion.
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Prima clin

If refuse is not possible, then primary recycling is preferred. As a
general rule, scrap plastic must be used in an end application that can tolerate
lower performance specifications than the product yielding the scrap. However,
there are a few instances where. \\‘-- | be recycled hac!( into the same
product. Much of the recygling that o : icator’s facilities is primary
recycling. A flowsheet of & i
Figure 2.26 (16). Conyertifige€qiupma \ feed material consisting of
virgin and recycled plastics 4 / roduct ¢ is also produced, most
of which is recycled % geran \ N- .wwaste may have to be
discarded. After one cygl tiff i 6t Shteam \ s of the material that has
undergone one and the malitigl ti5as ANEF: }\ o processing cycles.

ing process is shown in

_r“:'ﬂ-__— |

F N U T U BT
RINNTUUNIN Y
Figure 2.26 Diagram of recycling process

A major requirement for primary recycling is a very clean stream of
scrap, thus if the fabricator is careful, he can recycle much of his own scrap.
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One intriguing possibility for the primary recycling of consumer scrap
is the possibility that the individual plastic milk cartons used in schools or other
institutions, if collected, could be granulated, washed, and reprocessed into
new polyethylene milk containers. Under these controlled environmental
conditions, severe contamination of the plastic containers is very unlikely.

_—

Secondary
reprocessing using standard ! o equipment. There are four main
i 03) AR\ Pstics tend to be highly
5, Sd d) posing a danger to the
processing equipment; (2)vz ; * ! r ent in the waste mixture used as
feedstock might be mu ampatible, -
mechanical properties ; (3)_a-foedstock With. a consistent and reproducible
composition is not 'z \ dccric watttaty and (4) in order to be economically

unsuitable for direct

reasons for its slow

contaminated with nonpl#

fgsulting in a product having poor

Plastic wastes ty' various ungms can be cuns,idemd potential feedstock

for secondary rﬁr%ﬁ@%ﬁ%%ﬁ‘%wm these wastes

can be classified'fo ur ways.
POanIUNIINEY |
Refuse.
This consists of a relatively consistent mixture of generic groups of
plastics with a large nonplastic component. The majority of work on the
utilization of plastics from municipal solid refuse has employed simulated

plastics mixtures ( mixtures of virgin resins having the same composition as
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plastics in the refuse ) or actual plastics waste handpicked from refuse. It is
rarely mentioned that this approach is only of theoretical value, as most.

techniques used to separate plastics from refuse result in a plastic fraction the
composition of which is considerably different from that of the plastics in the
refuse. Most dry separation methods, for example, result in a plastic fraction

< bottles. This material
consists usually of only P 7 s only small amounts of

“J”I
.u""f_w ¥/

45
'-F'

_._.,......= g plastic waste from a
number of industrial ‘Sources. Va: e present in the mixture, and

the amount of nonplas c matcnals is sma]l The omposition can vary with

e ﬂ‘LlEJ’mEJﬂTWﬂWﬂ‘ﬁ
qmwmﬁwm%m of Plastie:

Usually plastic waste is too contaminated with nonplastic materials or

too degraded to be used in primary recycling.
Japan is probably the leader in secondary recycling technology,

followed closely by the countries of Western Europe. Various technical
approaches to secondary recycling are possible, including :
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1. Reprocessing using slightly modified standard plastics
processsing equipment. This has the advantage of a ready availability of
equipment but the disadvantages of frequent production problems and poor
product properties.

2. Reprocessing using specialized prncessing equipment. The

3. Chemical m
product with good mechatiical piro : tage is that material

costs are increased wi

4. Use of pl fadrd in” virgin plastic ( i.e. as a
core in sandwich struc ) " the age that good products can be
manufactured at low matgfial co: gﬂtf vantage that only certain types
of relatively uncontaminate " aste

ez -
5. Use of plastic wasgﬁlg;‘ r plastic or nonplastic materials

.---k- and types of potential
products are limited. :

¢ OFIMANEN S g v o o

filler. The advantage is that plastlc waste acts only as a bmdcr the mechanical

o IR 08 1 T 4) s i

the applications and types of potential produts are limited.

Out of the six approaches just listed, only number 2 , reprocessing
using specialized equipment, 4 , the use of plastics waste as a core in sandwich
structures, and 5, the use of pulverized wastes as fillers in plastics, have been

commercialized.
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A demonstration plastics recycling plant capable of processing about
10 tons of plastics waste per week was set up in Japan by Japan Steel Works
Limited (32). Figure 2.27 shows a schematic of that process.

Tertiary Recycling

Chemical from He. W : @s. Pyrolysis is defined as the

physical and chemical decomposition of ofgame.materials caused by heating in

an oxygen - free or oxy®

capable of producing sitr / ical compon dS"Gut of mixtures of waste
materials which would#ot € ;-- ted or disposed of by
landfilling. The productgfof \' 1 ed as commercially useful
chemicals or as fuel * * "'

The following adviintages 2 = pyrolysis

1. Most mummpal mﬂ’_— onverted into an economically
viable form. 7

2. The volume of wast: 'y 90 % or more.

3. The pyrolysp rocess is mmed and thus does not cause air

petic. ﬂ‘LJEJ’WIEJWﬁWEﬂﬂ‘ﬁ

4. Becithise the process is nonpolhﬁng and I‘EQIE.:‘FS little space,

QAT AR HH Y o
3! The process is a net energy producer.

6. The energy produced is in a convenient form, i.e., gas oil, and char.

7. The process can be set up so that any valuable chemicals can be
recovered.

8. Since little oxidation takes place during the process, metallic
components can be recovered after the waste has been pyrolyzed.
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The main commercially useful product recovered in the pyrolysis of
municipal solid waste is fuel gas with rather low BTU content, while the
pyrolysis products of plastics can be use either as fuel or as feedstock for the
chemical industry. Polymer decompose into smaller molecules, or monomers
depending on their structure and the condition of the reaction. Polymers that

]
Incineration o r:fuse may be deﬁned as thcareducnun of combustible

wastes to inert ﬂ ﬁ:ﬂv Wlﬂ?rﬁ- Wﬁwbmm The main

reason for incinéfation is n:ducn%p in the volmne of waste Incineration is
i G A FHED 484 6 B i e by ove
90%.The 4sh that remains goes to landfills. Because of their high energy
contents, plastics are particularly suited to waste - to energy plants.
Polyethylene, polypropylene, and polystyrene have energy contents of 19,900,
19,850, and 17,800 BTUs/Ib, respectively (9). In comparison, the energy
contents of wyoming coal, newspaper, wood, and average composit municipal
solid waste are 9600, approximately 8000, 6700, and 4500 BTUs/Ib,



Figure 2.29 Union Carbide's apparatus for the
continuous pyrolysis of plastics

i



78

respectively. Waste plastics can be a valuable source of energy. Although the
standard incinerators are capable of handling municipal refuse containing
plastics, they cannot usually handle pure plastics waste. The following
problems are associated with the incineration of plastics.

Toxic gases : When PVC is burnt, HCl gas is generated, and

urethane generate HCN. /
Soot : Imperfcc n@pmdune soot.Plastics require

3 to 10 times more combias oo ‘ .' etage municipal refuse. If they

are burned in conventia ‘a shortage of oxygen.

Disposal salts are used as PVC
stabilizers. They will
disposal problems.
Disposal of w, )
is absorbed in water or b : ls. Acidified water cannot be disposed of

without proper treatment.

temperatures gcneratetfj:l ng the f 1‘. are much higher than

those generated durm&. the cumhusu ~ of municipal refuse. The high

empertur o b i ﬂ%@%ﬂ gIN3

Im:meﬂtnr damage due,to an msn‘lﬁ:t&ﬂt oxygen @pply : Most of
e cons@Fe T bR e e o
of air for gumpl:tc combustion of plastics. During the incomplete combustion,
soot is produced which will stick to the pipe walls of the heat exchanging unit,
affecting the performance.

Corrosive damage : Combustion products such as HCI, NH3,
SO9, SO3, NOy, and RCOOH are corrosive and will cause damage to the
components of the incinerator. If the waste contains water, it will accelerate the
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corrosive action of the gases.

Example of incinerator suitable for plastics waste is shown in Figure

2.30 (35). Itis suitable for the batch incineration of plastics. Waste plastics are
fed through the feed doors and deposited on the fire grate. The gas ignited on
the furnace floor is mixed with primary air. The gases produced during the

P A
RINNIUANIININY
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