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ABSTRACT

The paper reviews the kinds and their physical and chemical characteristics of various plastics, The nceds for recycling
of used plastics ure emphasized and problems and challenges associaled with treatments of such used plastics are
described Tt also makes various suggestions 10 meet and solve these problems.
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Table 1. Plastics versus comparative materials(sieel, aluminum. glass, paper, and lumber)
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Distinguishing Feature Advantages and Limitations
Plastics are synthetic organic materials
Melals are natural inorganic materials.
Structure Ceramics are natural inorganic materials with crystal strzcture.
Broadly speaking materials propertics and behavior is governed in purt due to the freedom
of the outermosl electrons of the atom
Density Plastics are lighter compared to metals or coramics.
Plastics have lower modulii(elastic tensile, or rigidity) than do steel, aluminum, glass,
carbon, and wood
Mechanical Plastics are superiot to metals or glass in impact resistance
charactenstics | FPlastics are more brittle than metals or woed but Iess than glass.
The ductility of plastics 1s pooter compared to metals.
Plastics are poorer in abrasion resistance than are comparable materials.
Thermal Plastics maximum service tcmperalure is lower than that of metals ar ceramics.
Properties behavior In general plastics have higher thermal expansion than do metals,
Eleciric Plastics have lower thenmal conduchvity compared to metals
Tesistance Plastics are poorer conductors of electricity than ate metals.
Plastics have excellent corrosion resistance but poorer stress cracking and permenbilit
p g p ¥
than comparable materials,
Other Plastics incorporate color at low cost.
. P
propezlics Mosl plastics are not degradable bul can be used in landfills and safely burned waith
proper incineration facilities.
Plastics are excellent materials for designing by synthesis and processing.
Prod gning by sy p g
roduciion Alloys, composites, and polyblends are available in plastics, metals, and ceramics.
related Plastics tequire hitle secondary finishing with respect to comparable matenals.
aspecis Energy efficiency of plastics 1s generally higher than compurable materials.
Plastics markets are diversified in surface, space, and medical application
The wholesale Price Index(% annual growth 1965-1975) for plastics, aluminum, paper
Marketing was the same(3.5) compared with glass(6.2), steel(7.2), and lumber(8.09,
The competilive edge between plastics and competing materials may depend more on
processing cosl rather than on specific propertics of a given matenal,
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Table 2. Thermoplastics versus thermosets

Distinguishing Feature

Thermoplastics

Thermosets

Linear plastics that soften under heat Nonlinear-cross-linked and rigid matedals
and can be remelted and remdlded. that are insoluble in the final state
g They are capable of undergoing They cure, set, or harden during
fructire indefinite elastic deformations below the cross-linking chemical reaction.
chemical decomposition temperature, The reaction can be brought about by
Allow the use of scrap. heal, pressure, catalyst, other chemical
Specific gravity n.91~22 011-2.6
Compressive strength )
(10° psi) 0 7~-80.0 0.9-50.0
Tensile strength L5145 402350
(10° psi) “' e
Impact strength
2
notched IZOD No brealk 02 20'9 0.2~200
(fi-o/notch) greater impact resistance than thermosets
Elongation (%) 3~300 <1~5
Praperties | Creep resistance Better than thermoplastics
Heat resistance (°F) 115~550 160~450
. Slow buming to self-extinguishing except o i
Flammability #or luorocarbons, which do not bum Slow to self-extinguish or nonburning
Electrical resistance Excellent Gond
Outdoor resistance Litile discoloration Discoloration generally
None ta low water absorption
Water & chemical Generally little or some solubility in Very low (o low water absorphion,
. o Generally little attack by solvents.
resistance certain solvents. ) .
Attacked by strong acids and alkalies. Attacked by strang acids and alkalies.
Bulk or mass, suspension. emulsion, and .
‘ solution polymerization Blulk OF TNiss pnllymerlzzltllon
Production Extrusion, mjection malding, Blow Liqud, Cnmprc_:ssm.n lmo!dmg, .
malding, 1otational molding, calendering transfer molding, injection molding
Acctals, acrylics. cellulosics, Aminos, casein, epoxies, phenoloics.
Major . , y
fluorocarbons, polyumides, polvolefins, silicones, polyesters, polyurcthanes
Producis . .
styrenes, vinyls thermoplastic polyester,
Packaging. construction, household and Houseware and consumers, construction,
Major congumer, transportation, textile transportation, industrial appliances
Markets
Market share {%) 83.3 117
Generally molding, secondary fiushing, | Ii molding cost can be reduced,
color cest, scrap use, and lower thermosets become more economical
specific gravity make thermoplastics than 1einforced or flame retardanis
Cost cheaper than thermosels Lthermoplastics
Price ($/1b) 0.31-0.45 (+38~]1 00
Competitive malerials | 1972/74=100 1975/77=100

Annual growth (%)

9.6{higher than all compeiitive materals)

10.4¢higher than all competitive matenals)
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Table 3. Recommended abbreviations for some commonly used plaslics

Resin Fuli-name Resin Full-name
ABS Acrylonitrile-butadiene-styrene PMMA Polymethy] methacrylate .
CA Cellulose acctate POM Polyoxymethylens(polyformaldetyde; acetals)
CAB Cellulose acetate butyrate PP polypropylena
EP Epoxy PS5 polystyrene
FEP Fluorinated ethylene propylene PTFE Polyietrafluoroethylene
ME Melamine-formaldehyde PUR Polyurethane
PA Polyamide(nylon) PVAC Polyvinyl acctatc
PC Polycarbonate PVAL Polyvinyl alcohol
FPE Polyethylene PVYC Polyvinyl chloride
FET Polyethyiene terephthalate FVDC Polyvinylidence chloride(saran)
FF Phenol-formaldshyde SAN Slyrene-acrylomtrile
_ MMORPHOUS, GLASS-LIKE  CRYSTALLINE. FIBER-FORMING
Source Malerialy
Matural Gas  Petralesm  Coal T Polymethylchloracryluie Falylttmfluoroethylene
Refining ]
Feedatocks g
Monomers (small mofecules) §
2 Poly{Vinyl Acetate)
Polymerizahon k=3 5
= Paly(Methy! Acrylate) <
Polymers é_ Paly(n-Butyl Acrylate) §
Resint (giaal molzcules) z £
ari F .E Gutia Fercha
ing F
! £
Blow moldipg Molding Extraman | IRREGULAR N REGULAR
Hollow abjecis \_ Sabd obj:r.u Flat, tolled & tubular shupes § coprone
—E Butyl Ruhiber ;::Lral
er
Products Products Products E c Polyisabut
Botiles, milk jugs, Apphance housings, plastic fikm 2nd bags, "o °p“1'y:m Siytsamitens
Aodm bonles, CDs, toys, mpe, = r7“lua,-_.
drum contamers mrcrafi, baals I Vioyl siding i

Fig. 1. Schematic diagram for production of plastics.
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Table 4. Growth of plastic production in USA

Year Characlenzaton of plastics

Nylon stocking debut at the World's Fair, later to creale stocking riots of the 1940s.

1930s 1939 World War Il specds plastics development with plastic bugles, canteens & navy dinnerware
among the multitnde of new uses.

The christmas tree in Rockefeller Center is lighted with specially designed plastic omaments,
replacing glass ornaments from Europe.

1940 Polyvinylidene chloride is named Saran-first nsed 1o make suspenders, by the mid-1950s
1940s more than $-million mll of Saran Wrap were sold each month.
Earl Tupper produces a 7-ounce polyethylene tumbler, the furst of many items later available
1946 from Tupperware Home Parties Inc., nylon zippers & acryl dentures are introduced
1950 Plastics expand in packaging application.
1955 The Corvelte is first car to use plastic for body panels,
19505 Monsanto's House of Tomorrow opens in Disneyland with walls, roof, floors, tugs, and furniture
1957 made of plastics
Invention of Hula Hoop crcates surge in demapd for polyethylene
1964 Michelungelo's “Pieta’ cushioned in plastics for shipment from Vatican 1o the 1964 New York

World's Fair.

19608 “T just want to say one word to you ... plastics’ -busincss advice to Dustin Hoffman's character

1967 m “The Graduate”.
1969 Man and plastics land cn the moon,
1976 Plastic microwave cookware available 1o consumers.
19705 1979 “T-shirt” style plastic grocery bags test marketing proves lo be successful.
1982 Dr. Robert Tarvik designs the artificial heart made largely of plastics.
19808 1983 Microwave ovens open a new markel [or plastic packaging.
The flight of voyager demonstrates the capabulities of advanced plastic composites when the
1986 2,600 pound aircraft(includmg pilots) successfully flics around the world without refueling.
1,876 curbside recycling programs accept some plastics, mostly PET.
1990s 1991 Coca Cola Co. & Hoest-Celancse Corp. introduce first plastic soft drink bollle incorporaling
recycled plasuc
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{total weight 284.9 millon tons)

Metals 3 3%
{23.6 million tons)  ga0d 6 794
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Other 12 6%. q ||||mm]

(35 9 milhion tons)

Yard Trimmugs 15 9%

(45 3 muliion tans) (167 1 nuutlion tons)

Fig, 3. Matcnials recovercd in percent by weight of total re-
covery m 1993,
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Table 5. Examples of polymer products in USA

Polymer
v— Symbol Primary product markets Producls example

Polyethylene ) Soft drink battle, other beverage, X-ray

terephthalate Packaging and photographic film, food &

(PET) consumer products medicine containers, magnetic tape

High-density

polyethylene Puackaging Milk and detergent botiles. heavy-duty films

(HDPE)

Polyvinyl L .

chloride Packaging Cooking @il bottles, phona records, wall covering,

(PVQ) building & construction flooring, meat wrap, construction pipe

Low-density Refuse b d i

polyethylene Packaging efuse algs coated papers, wire an

(LDPE) cable coatings

. Yogurt and margarine tubs, syrup bottles.

Folypropylene o Packagmg‘ ‘ fish nets. dnnking straws, auto battery

(FF) fumiture & furnishings cages, carpet backing, office furniture

Polystyrenc Packaging Disposable foam dishes & cups, egg cartons.

(PS) consumer products jjssettc tape cases, take-oul contamer
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Fig. 7, U.S. demand recycled resing by type in 1988 to
1993.
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