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Classroom Analysis of Various Plastics

Abstract

In the junior high plastics course this writer. teaches, the students display more interest in the
manipulative activities of the laboratory than in the sit-down classroom activities. The results of this tend
to be a once-over-lightly treatment of the technical aspects of plastics and more hands on craft type
activities in the laboratory. To bring more balance to the program, an activity needs to be devised which
will have more industrial relevance. Such an activity should allow the students a certain amount of
freedom and still provide them with technical information and acquaint them with the properties of
various plastics. Such a program could be devised as a result of this study. The program would provide
the students with manipulative activities in examining and testing plastics and provide more of an
industrial approach in under;.. standing plastics and determining why some polymers are more practical
than others for certain job applications.
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CHAPTER I

INTRODUCTION

The Problem

In the'junior high plastics course this writer.  “
e teaches, the students display more interest in the manipu-
lative activities of the laboratory than in the s1t-down

classroom activities. " The results of this tend to be a

once-~over-lightly treatment of the technical aspectsoof

plastics and more hands on craft type activities in. the
laboratory. To bring more balance to the program, an -
activity needs to be devised which will have more industriai
relevance; Such an activity should allow the students a
certain amount of freedom and still provide them‘with tech-
nical information~and acquaint them with the properties of
various’plastios. Such a program could be devisgsed as a
result of this study. The pfogram'w0u1d provide the students
with manipulative activities in examining dnd testing plas—‘
tics and provide more of an industrial approach in under- |
standing plastics and determining why some polymers are

more practical than others for certain job applicatiOKs.

Limitations of the Study

u a:.‘ o

ThlS study is not meant to be an in depth research

of all propertles each plabt;o possesses. Rather, this

gtudy will be a search to‘l entlfy@%he most nromlnent pro— |




pertles of a select number of plastics so that these poly-
mers may be recognlzed by the beglnnlng student Accepted
testlng methods and standards will be noted and altered only
as needed tc.adapt to a,practical'ievel for the intended
'students. Test}ng>apparatus constructed'for student’use will
deviate from accepted standards, iffnecessary; to meet stu-
;dent needs or constructiOnWCdst limitations. Testlng appa—
ratus will be sufficiently sophlstlcated to give reliable.
results. This study will be further 11m1ted by the factors
of cost tncurred and timejinvolved'while'constrycting;appa-

ratus and'developing the student studyinnit.

specific O Jectlvee

The specific obgectlves of the study are: (1) to

inves%igate pertlnent llterature.for the purpose of learning“
the propertles each selected plastic resin exhlblts when |
'varlous experlments are performed on it: (2) to construct

- such apparatus as }s«neededsto supplement existing equip-
,fﬁent in the laboratory to perform‘ekperiments on plastics;
'(3)_to use!this equipment to determine:such properties as:
;Flanﬁability,*cdor, specific grafity,(chlorine content,

" tensile strength compressignVStfengtn‘ mar resistance,
and resistance of plastlcs to. chemlcal reagents; (4) to

‘develop a- unlt of study fOr Junlarahlgh students on iden-

tifying unknown

‘plgstlc reslns by the prOpertles they

exhlblt when analymedaand dete;w;ne whlch resins would be

most practlcal for a sp901f1c JOb appllcatlon.




Plan for Conducting the Study "’ -

- This study will begin with a thorough search of
available reference metefials to determine what properties
are exhibited by the selected plastic resins when subjected
to the various tests. Direct correspondence with industry
will be made when detailed information is not available
- from published sources. Experiments selected for the
student use will be conducted to verify both the practi-
cality of the test in identifying a fesin and the results
as indicated in the research materials. A procedure for
students to follow in‘performing the various steps of an
experiment will then be formulated. All this information

will then be arranged in an orderly scientific manner.

Definition of Terms

Crazing: Fine cracks which may extend in a network
on or under the surface of plastic material. Usually occurs
in the presence of an organic liguid or vapor (Baird, 1971,
p. 296).

Elasticity: That property of a material by virtue

of which tends to recover its original size and shape after
deformation (Baird, 1971, p. 299).

Elongation: The fractional increase in length of a

_material stresses in tension (Baird, 1971, p.' 299).

Flammability: Measure of the extent to which a
material will support combustiqn;QBéifdtﬁ1971, p. 300).
Monomer: A relétively‘simple ceh%bund which can

react to form a polymer (Baird, 1971, p. 305)4
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Polymer: A subgtance consisting of molecules char-
acterized by the repetition of one or more types of mono-
meric units (ASTM, D 882-72, 9.235f)Q_Ht

Polymerizationﬁ A'chémical reaction in which the

molecules of monomers are linked togetherkto form polymers
(ASTH, D 882-72, p. 351).

Resin: Any of a class of solid or semisolid organic
products of natural or synthetic origin, generally of high
molecular weight (Baird, 1971, p. 309).

Solvent: Any substance, usually a liguid, which

dissolves other substances (Baird, 1971, p. 311).

Stress Cracking: An external or internal crack in a
plastic caused by tensile stresses less than its short time
mechanical strength (ASTM, D 883-72, p. 352).

Yield Value: The lowest gtress at which a material

undergoes plastic deformation. Below this stress, the

material is elastic, above it, viscous (Baird, 1971, p. 313).

&




CHAPTER II

RELATED INFORMATION

Historical

An ivory shortage in 1863 prompted the flrm of Phelen
and Collander to offer an award for any satisfactory replace-
ment. Up until this time items such as bone, ivory, shells,
and wood were used for fabricating articles such as uten-
sils, buttons, ornaments, toys, handles, and musical instru-
ments. The challenge was accepted by two brothers who were
not chemists, but printers. John and Isaiah Hyatt of New
York reacted nitric acid with cotton to produce nitrated
cellulose (Milby, 1973, p. 2). Hyatts' product, named cellu- -
loid, though first intended as a replacement for ivory in
billiard balls, found use by 1868 in a variety of articles:
combs, brush handles, dental plates, and eventually auto-
mobile side curtains. This invention was the start of syn-
thetic plastic product making in the United States. However,
records can be found to sgowvtﬁat others were doing similar
things earlier in othef places . A Sw1ss chemist, Schonbein,
in 1845, nitrated cellulose by us1ng sulfurlc acid as. a
catalyst. J.: Cuttlng, of Boston, obtalned patents in 1854
to cover this use of gum camphor in collodlon for 1mprove-
ment of photography In- 1862 ‘an Engllshman A. Parkes

gtudied the re81due left after evaporatlon of the solvent



of photographic collodion%{célldioSe nitrate in an ether-
alcohol mixture) and called this proauct Parkesine, which

contained no camphar, the all 1mportant addltlve that made

the celluloid invention the flrst real synthetlc milestone
(DuBois, 1974, p. 21). | |

H. Goodwin in 1887 and H. Relchenback in 1889 inde- _ ;é
pendently developed solvent castlng processes for making “
flexible transparent nitrocellulose films for photographic
use. The succeSs‘of'celluloid proved the utility of plastics
and sparked effortg by others to develop plastics which
would have the virtues and none of the drawbacks of cellu-
loid (Park, 1969, p. 3).

It was not until 1909 that another snythetic mate-
rial appeared commercially. In that year Dr. Leo Baekeland
announced a new resin, phenol formaldehyde. This was the
beginning of a rapidly developing science of synthetic mate-
rials. As the years passed, new techniques along with new
scientific discoveries enabled chemists to introduce new
plastics with ever increasing properties. Table I is a
list of the first plastic resins produced éndfthe year each
was developed. Every year new plasfié materials are being
discovered and created as well as continued inovations in -

existing plastics.

Industrial-Geographical

The resin manufacturing industries are’ those con- i

cerned with converting raw materials into chemical compounds




TABLE I

DEVELOPMENT OF PLASTIC MATERIALS FROM 1863-1965
(Baird, 1971, p. 10)

Date Material

1868 Cellulose Nitrate
1909 Phenol Formaldehyde
1927 Cellulose Acetate
1927 Polyvinyl Chloride
1929 Urea Formaldehyde
1935 Ethyl Cellulose

1936 Acrylic

1936 Polyvinyl Acetate
1938 Cellulose Acetate Butyrate
1938 Polystyrene

1938 Nylon :

1939 Polyninylidence Chloride
1939 Melamine Formaldehyde
1941 Alkyd

1942 Polyester

1942 Polyethylene

1943 Fluorocarbon

1943 Silicone

1945 Cellulose Provionate
1947 Epoxy

1948 Acrylonitrile~Butadiene-Styrene
1949 Diallyl Phthalate
1954 Polyurethane

1956 Acetal

1957 Polypropylene

1959 Polycarbonate

1962 Phenoxy

1962 _ Polyallomer

1964 Tonomer

1964 Polyphenylene Oxide
1964 : Polyamide.

1965 Parylene

1965 : Polysulfone




which are processed into the varidﬁs plastic resins. These
resins are produéed in many forms, ready to be sold to com-
panies which will process them into finished products. The
majority of these manufacturing companies are made up of
chemical companies, who have the scientists and equipment
to produce plastics, and petroleum companies, who have the
raw materials and chemical laboratory experience.

The leading plastic producing countries are the
United States, Great Britain, Italy, Germany, and Japan.
Growth of a plastics industry is predicated on the avail-
ability of low cost materials; a plentiful supply of petro-
leum, natural gas, or coal is very essential to the making
of basic raw materials.

About half of the plastics industry in the United
States is located in the eastern section, thirteen per cent
on the west coast, thirty-four per cent in the middle west,
and the balance scattered through the southern section
(DuBois, 1974, p. 24). There is a fast growing tendency to
move the materials making facilities into the 0il producing
areas, where the refineries are located. The fabricating
and molding plants are located in the industrials areas,
where many industries can be served within a reasonable

distance. The petroleum product nations and the refiners

are taking over the resin making and the large volume Qonff ‘ f'

version into products at this time.
This writef was unable to locate any plastic reéigu,

manufacturers in the state of Iowa. sAccofding to the 1975~




1976 Directory of Iowa Mahufactures, there are presently

one hundred forty-one companies in Iowa engaged in some form

of plastics processing;

Field Trips

Because this paper deals with the testing and
analyzing of plastics this writer consulted a 1975 listing

of Industrial Résearch.Lébdratories in the United States

and found that there are only three laboratories in the
state of Iowa involved in plastics testihg. They were:
E.I. DuPont deNemours and Company in Clinton, working with
cellophane and polyolefins; Berkeley Company in Spirit Lake,
working with polyamides and polyolefins; and Eltra Corpora-
tion in Marshalltown, working with unspecified plastics.
Because of travel time and expense limitations involved in
this study this writer was unable to visit any of these
three establishments. However, this writer did visit one
commercial testing laboratory and four companies manufac-
turing plastic products.

The commercial testing facility was Corning Labora-
tories, Incorporated in Cedar Falls. The purpose for vis-
iting this laboratory, even though their area of emphasis
is water and air pollution testing, was to have a first
hand experience in witnessing scientific laboratory activ-
ities.

The four companies manufacturing plastic products
visited by this writer were: Gail Industries, Incorporéted‘

and Cryovac Division 6f W.R. Grace and Company both in
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Cedar Rapids; Robintech, Incorporated in Grinnell; and Hol-
land Plastic Company in Gilman. Two of these companies do
not have sophisticated laboratories or even some equipment
for the testing of their plastic products; but instead rely
on testing data provided by the producer of the plastic they
are using. If the data indicates that the specific plastic
exhibits the properties necessary for the forming operations
and will withstand anticipated forces encountered during
consumer use, that plastic is adopted without further testing
by the individual product manufacturing company. Quality
controls in these facilities consisted of only a visual in-~
gspection or a brief handling of the finished product.

The other two companies did use sophisticated testing
apparatus and constant monitoring procedurés in their pro-
cessing. One company conducted six laboratory tests on
twelve samples fromfeaéh rail‘car of material received before
consuming it in prodﬁétion. The other company used an elec-
tronic monitoring device<throughout the production process.
Both of these companies used individual inépection of the
finished productvin their guality coﬁtrbl departments.

On the basis of this vefy limited random sample it
would appear that fifty,per cent of the plastic product
manufacturing companies in the state of Iowa do not have
any type of research and development facility and have only
limited quality control checks. There is a need for further
study in this direction to determine why this condition

exists.



CHAPTER III

FINANCIAL AND CAREER INFORMATION

Financial Trends

One of the most reharkable ﬁhiﬁgs about plastics is
the growth they ha;é experienced‘in fhe paét few decades.
Plastic produc;ioﬁ‘grpwth in generalfhgglfar outstripped the
rate of growth of the gross natiqnalhprgduct (GNP). TFigure 1
is a line graph comparing plastics production in millions of
pounds and the‘Gvain billions of dollars. The lines shown
are the general trend line, disregarding year to‘year ups

and downs.

MILLION Ib per yr

PLASTICS
PRODUCTION
02 10

Bitliens of 1954 dollars

PROOUCTION

GNP

1930 1940 950 1960 1970

. Figure 1. Growth of plastics production
vs growth of GNP (Kresser, 1969, p. 7).
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One of the most‘significanf factors influencing the
future growth’bf piastics islcost. Up to this time plaStiCs
have been relétively expensive materials that have obtained
their markets because of their special properties or their
efficient processing. quking into the future of plastics
it is difficult to project the production costs. Prices
may be lower due to polymerization technigues which are
reducing polymerization expenses, but a world wide price
increase for petroleum may off-set these polymerization cost
savings. |

The plastics industry is continually reaching new
markets and expaﬁding;in a1l‘ready established ones. Nearly
all packagingvmakes useaof_plastic in some form. Markets in
the automobile ihdusfry a;e expected to increase because of
plastics' ability to be férm;d into complex shapes, and.it's
lightness savés weight in a finished automobile. Mubp;bf
the traditional ha?dWood‘frame of upholstéred furniture will
be replaced with structural foam. The ability to put fin-
ishes on this material that closely resembles traditibnél ’f 

wood finishes makes it very easy to produce an entire p133£164’ ¥1

frame at lower cost and wiéh better properties than wood,
In building construction, plastics are presently used;ésl
waterproofing membranes, Wiring insulation, pipe, siding,rif"
and thermal insulationQ This is only a beginning; it is -
anticipated that in the near future plastics will be used

on a large scale for interior trim, wall and ceiling pan4

eling, doors, and door ahd‘window frames. The greatest



i
#

advantage in cost sev1ngs Qould .come from preformed and
preassembled units, whlch would be 1nexpen31ve1y made by
mass production technlques., The appllance industry is
already using vlastics to a large degree in its manufacturlng
and this trend is§ expected to‘eontlnue on an ever larger
gcale. | 5 |

In the decade 1970—1980, it is exﬁected that the
volume of plastics used wi11~egpend>another eight-~hundred
per cent while theé use of steei products will inereaee only - .
fifty-six per cent for the same period. The graph in Figure
2 shows the rapidAgrowth rate of fhe piaStics ihdusfry; It
is anticipated that the volume of ﬁlastics used fer‘all
purposes will exceed the volume of iron and steel by 1983, y

placing the world in the Plastics Age.

CUBIC FEET - B
MILLION T " AR

‘1983‘

10,000

o“ INIIDlla‘ITEEI‘:IIIICIIIlII

110
Illlllllllllllllll

1,000~

200

1960 1970 1980 1990

Figure 2 World consumption ofiruv materials
by volume (Milby, 1973, p« 5V
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Job Opportunities

The plastics industry is expanding at such a rapid
pacé that opportunities for careers in this field apvear to
be almost unlimited.' New and varied developments in plastics
processing continue to add to the long list of jobs requiring
the services of people interested, educated, and dedicated
to the field. These job opportunities extend across the
whole range of the plastics industry: such jobs might
involve either the converting of industrial chemicals into
resins, or processing those resins into finished products.

Job classifications in the plastic industry fall
under five main categories: (1) semi-skilled; (2) skilled;
(3) technical; (4) supervisory; and (5) professional (Baird,
1971, p. 265). A person interésted in employment in any
area of the’plastics indusfry éhopld'have a fundamental
knowledge of plastic materials and processes.

Workefs~Whose‘ jobs do not require extensive periods
of training or skill are Ciassified as semi-skilled. This
type of work usually involves only a few ﬁours of instruc-
tion to prepare thé Wérker for the task he is to perform.
Typical jobs for this worker might be semi-automatic or auto-
matic moldingfmabhiﬂe'Operator; assembling plastic’components
into a final pfoduct; bagging, mixing, or blending various
materials; or assisting skilled workers with inspection,
maintenance, and repair work.

, _Skilled workers in the plastics iﬁdustry afé‘often

journeymen machinists who have obtained,tﬁeir skills through
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apprenticeshiyp or trade‘training”p;ogréms. A knowledge of |
plastic materials and processes‘is a1so needed for these
workers, and usually this is‘obtaiped through.on-the~job
training. In the resin making field, the better jobs.include
chemical operator, evaporation men, millers, mikérs, stillmén,
and control men. In the resin processing field the better
jobs include machine set up men and inspectors.

Technicians play a broad role in the industry but

are usually specialists in some phase of it. Technicians

afﬁmust have knowledge of the total industry which usually

“requires at least two years of college with emphasis on math,
science, manufacturing processes, and plasfics technology.
As chemicals are processes; the technician may be the worker
‘who reads instruments that measure pressure, flow of mate-
rials, and other conditions or he may be responsible for
making technical reports, checking production machine oper-
ation, or be involved in quality control or testing.

About one out of four plastics workers holds an
administrative, clerical or othef non-scientific white
collar job. Most of these jobs involve dealing with pro-
duction and personnel. Being a foreman or supérvisor usu-
ally requires in depth knowledge df éll the necessary pro-
cessing steps as well as severa1 years of experience in
industrial production. Good preparation for this type of
position will include several yeafé of college in manufac-

turing processes with emphaSis’on plastic processing.

Chemists, chem;calpengineers, physicists, mechanical



" increase from six to twelve pef cent a year during the

16
and electrical engineers’do much of the research and devel-
opment work in the plastics industry so professional people
are continually in demand in this industry; and may be gen-
erally classified as those having at least four years of
college education. Depending on the background training,
the duties for these people might involve development of
new polymers, analysis of polymer structure, testing

machine and tool design, or gquality control.

Employment Outlook

The expanding plastics industry will provide many
job opportunities during the foreseeable future. The num-
ber of administrators, professionals, technical, and clerical
workers will grow faster than the number of plant workers
‘because of the industry's emphasis on research and devel-
opment. The largest increases will be for chemists, engi-

neers, and science and engineering technicians (Occupational

Outlook Handbook, 1974-75, p. 690).

It is estimated that there are fifteen thousand
processors of plastics throughéut\thé‘United States, and

there is a growing trend toward locating plants in the

smaller communities. 1In a recent forecast plasticse leads
all other industries in nrojected growth rate through 1980‘

(DuBois, 1974, v. 26). Plastlc gr@wth has been predlcted to

seventies. With thekplasticsfindustry expanding at such a

rapid pace, there appears to be almost unlimited opportun-
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ities for careers in this field in nearly every region of

the United States.




CHAPTER IV
TECHNICAL INFORMATION

Chemistry of Plastics

Plastics are synthetic materials, formed through
chemistry by taking apart ingredients such as coal, water
air, petroleum, limestone, and salt, then putting them
together in different, more desirable chemical combinations.
Taking a substance apart enables the chemist to analize what
it is made of; then by combining the parts in various ways
he may produce a completely new substance or materially
change a substance that is already available.

The largest volume of raw material comes from the
petroleum industry, usually in forms of liquids and gases
which contain two or more of the six most common chemical
elements that go into the building of a polymer. These six
elements are carbon, hydrogen, oxygen, nitrogen, chlorine,
and fluorine, of which carbon is considered the backbone of
the polymer because it is usually the element that links
together all elements in a formula to form a polymer. To
understand how plastics are formed it is necessary to know
how atoms of elements are‘c§mbined and the numbér of possi~-
bilities the chemist has for arranging them. Each atom‘can‘
combine with oﬂly a certain numberagf“other atoms and the _”

number depends on the combining power of an atom involvéd: R

18
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The combining abilit& of an atom to join with another atom
is called its "valence". Table II gives the valence ability
of the six most often used elements and shows how they would

be drawn to represent a diagram of a plastic molecule.
TABLE II

COMMON  ELEMENTS IN PLASTICS
(Baird, 1971, p. 17)

Element Symbol Valence Diagram
|
Carbon C 4 —?-—
|

Nitrogen N 3 -N—~
Oxygen 0 2 -0
Hydrogen H 1 H—-
Chlorine Cl 1 Cl-
Fluorine F 1 F—
Thermoplastics

Plastics may be classified into one of two groups,
either "thermoplastic" or "thermosetting". The basis for
this claséification ig the way in which the monomer was
polymerized. Addition polymerization produces thermosetting
materials. Thermoplastic polymers are characterized by
softening upon heating and hardening by cooling. Because
the giant molecules of these materials have no strong bonds
between individual atomg they can be softehed by heat and

remolded‘overrand over. Some of these polymers will burn
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freely when exposed to an open flame while others are self
extinguishing. There are more thermoplastic materials than

there are thermosetting materials.,

Thermosetting

The thermosetting polymers possess quite different
characteristics because of the irreversible reaction by
which they polymerize as they form a rigid, hard, infusible
mass during condensation poiymérization. The cross-linking
molecular structure forms double bonds which are so strong
that there is no slippage (softening) when'the material is
heated. Intensive heating of thermosetting plastic after
initial forming will cause bfeakége of the chemical bond
resulting in a charring of the material. Figure 3 is a
drawing which portrays the difference between flexible
bonding of thermoplastic to the irreversible reaction of the

thermosets bonding.

Thermoplastics Thermosets

Figure 3. Plastic structure differences
(Dean, 1973, p. 29)
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Selected Plastics - ' ;' ¢

The plasticéQQHdSen for use in.thié paper are usually
readily available in the writer's classroom for student use.
Only those properties and characteristics deemed appropriate
for identificatién‘and testing purposes are shown. This
information is also arranged in a series of tables following
the descriptions, making individual comparisions of different

plastics less time consuming.

Acrylic

The term écrylic is descriptive of a large class
of resins, the most important of which is methyl meth-
acrylate. In 1901, Dr. Otto Rohn began working with
acrylic materials and in 1927 the first resin was announced
by the Rohn and Haas Company. The raw materials for pro-
ducing acrylic are petroleum based ethylene and propy-
lene. Acrylic is a thermoplastic which is crystal clear
in its natural state but is easily colored in all shades
from transparent to opague. It contains no chlorine atoms
and has a SpElelC gravity of 1.18. It has a low soft-
ening point, low scratch resistance, and can be affaéked
by some chemicals includiﬁg gasoline and cleaning,ﬁluidfquQf
Acrylic is strong, rigid, has good impact strengtﬂ‘aﬁd';%;
ha‘s the unusual ability to transmit light thmagi;aut its

internal structure (Milby, 1973, p. 299).

Acrylonltrlle-Butadlene-Styrene (ABS)

ABS is produced by polymerizing acrylonltrlle,




22
butadiene, and styrene and can be made by either mechan- -
ically blending styrene—acrylonitrile with nitrile rubber
or direct grafting of Styrene-acrylonitrile on a poly-
butadiene backbone. ABS is a strong, rigid thermoplas-
tic with a natural color of light tan, has a spécific
gravity of 1.04 and a moderate softening point. It con-
tains no chlorine, has good scratch resistance, is

attacked by ketones, and is flammable (Ziska, 1974, p. 8).

Nylon

Nylon is the generic term for a class of polya-
mides containing repeating amide groups connected by
methylene units in a polymer structure. Nylon is made
by condensing a - diamine With a dibasic acid, is a therm-
oplastic, is self-extinguishing, has a natural color of
off white and cdntains no chlorine. When compared %o
most other plastics, nylon has better heat resistance.
It has a specific gravity of 1.17 and is sometimes
referred to as a méchénicallor'industrial plastic because
of its high strength, all round toughness, and good resis-
tance to chemicais; whichdalibws it to‘compete with metals

in many applications (Simonds, 1963, p. 37).

Phenol Formaldehyde (Phenolics)

Phenolics, the oldest thermosetting plastic, are
made by combining carbolic acid and formaldehyde as a
gas in the presence of an acid catalyst. This formula

produces a Self—éxtinguishing, heavier than average, dark



23
éfayfproduct with high heat resistance, high mechanical
strengtﬁ, and a resistanee_to most common,solyents and
acids. Phenolics contain no chlorine and have a specific
gravity of 1.28 and are seldom used in molded products
w1thout some type of flller to improve their toughness

(Simonds, 1963, p. .40).

Polycarbonate

Polyoarbonates are considered to be special types
of polyesters.in'whioh groups of dihydric phenols are
linked through carbonated groups. Polycarbonate‘is con-
sidered one of the most important ihdustrial plastics
because of its excellent heat resistance, high impact
strength, abrasive resistance and has a spe01flc gravity
of 1.20. Polycarbonate is a self extinguishing thermo-
plastic which is clear in its natural.state’but can eas-
ily be colored. It can be attacked‘by some hydrocarbons
and can be dissolved in ethylene dichlori&e, ,Feﬁ;thermo-
plastics have the outstanding engineering pfopefties of
polycarbonate. It is used iﬁndirect oompetitiontWith

metals such as copper, zinc, and brass (Beird; 1971,,p: 39).

Polyester ER l" e e e
‘Polyester is produced from the polymerization.of “
certain alcohols and acids. Polyester can take the-

form of either a film or a llquld re81n to whlch a cat&#

ilyst must be added to complete the curing durlng moldlng

Polyester is a clear thermoset with a spe01flc grav1ty of i
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about 1.05. It contains no chlorine and has good mechan-
ical strengths when reinforced with cloth or glass fibers.
Polyester resists most solvents, acids, and salts and
probably is best known as fiberglass which is formed when
the resin is combined with glass mat or chopped glass

fivers (Milby, 1973, p. 59).

Polyethylene

Polyethylene is a member of the polyolefin group
of plastics. All members of this group are thermoplastics
which are milky white in color with a specific gravity of
less than 1.00. Members of this group contain no chlorine,
have moderate mechanical strength, and good abrasive
resistance at low temperatures. Polyethylene is made
from ethylene gas and is produced in two forms in terms
of density. Low density pplyethylene is produced by
making a short molecular'stfucture with side branching.
High density polyethyléneaiskproduced by making a long
molecular structurelwith very littie side branching.
Polyethylene is able ‘6" combine the properties of tough-

ness and flexibility (Park, 1969, p. 122).

Polypropylene“'

Polypropy;éhe is made froﬁ propylene(gas,. The
process isas;milar to the production of higﬂ denSity ‘
‘polyethylene. Polypropylene is also a member of the.
polyolefin group and as such 1t has properties very much ’wk

like polyethylene. In general polypropylene exhibits tpej';;
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same properties as those previously mentioned for poly-

ethylene (Park, 1969, p. 124).

Polystyfene

Polystyrene is made by forcing ethylene through
benzene in the presence of a catalyst to produce ethyl
benzene. This combination is converted into styrene by
splitting hydrogen away ffomfthe rest of the molecule.
Polystyrene is a nonfchlorinated crystal clear therﬁo—
plastic with a specific gravity of'slightly more- than 1.00.
It's characteristics inciude good abrasive resistance,
strong mechanical properties at low temperatures, but it
does stfess crack easily.w Softening or deterioration
occurs when used with ketones, hydrocarbons, and essential
01ls. Polystyrene can also be expanded with heat and
moisture to make an excellent packaglng and insulating

material (Du801s, 1974, p; 62).

Polyvinyl Chloride (PVC)

PVC is the largest single volume plastic material
in use in the world. Its deeireble properties include
self—extlngulshlng, good chemlcal ‘and abra51ve re31s~
tance, and good strength propertles. PVC 1s a thermo— &

plastic with a llght blulsh ‘clear natural color. and does Do

‘ _contain chlorine. The compounds can. range from soft _
" flexible films to rigid, hlgh strength products (DuBo&a,v
- 1974, p. 68)
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TABLE IIT

INSPECTION TESTING TABLE

. (Baird, 1971, p. 272, 273)

. Continuous Resistance =~ Compression Chlorine

clear

jfilastic Natural Specific
R Color Gravity to Heat in Degrees F.. Molding Content
; < ‘ Temperature '

1crylié ¢ :;&Crygtal clear 1318f'  180 325 ‘None
s A 1.04 200 350 None

“Nylon i Off white 1.13-1.20 325 500 None
Poljester . Clear 1.01-1.20 250 300 None
Polyethylene Milky White  0.94-0.96 250 300 None
Polypropylene Milky White 0.89-0.90 300 350 None
Poiystyréne Crystal clear 1.04-1.10 170 300 None
Polycarbonafe Clear 1.01=-1.20 2SO 450 None
PVC Light bluish 4 16_1,35 175 350 Yes

9¢



TABLE IV

DESTRUCTIVE TEST TABLE
(Baird, 1971, p. 272)

. Tensile Compressiohs Impact : .
Plagtic Strength Strength Strength St A S
Acrylict' ;9,000 .- ‘16,000‘ 0.33 Low Scratch resistance
’ g I Good wear and scratcn
ABS | s k7,000 10,000 4.20 resistance
Nylon : -~ 15,000 . . 13,000 - 1.50 High abrasive resistance
Phenol - Lo ?Vf' ' ) . ’
Formaldehyde 8,?90 | 34,000 » 4.00 Good resistance
Polycarbonate 9,500 - 12,500 8.00 Good resistance
Polyester' .30,000% 25,000 0.80 Fair resistance |
. _ ' : i ' Good resistance at low
P S5, : , , :
“olyethylene - 5,000 o 3,200 3.00 temperatures
' % v . Good surface hardness and
Polypropx;ene - 5,300 Aj,OOO 2.00 seratch resistance
Polystyrene * ° 7,000 = 15,000 0.70 Good resistance
PVC . 4,800 11,000 5,50 Good resistance

;Ten811e strength is the p31 force necessary to pull specimen apart.
Compression strength is the ‘psi force required to rupture or deform gpecimen.

Impact strength is the ft./1b. of mechanical energy absorbed by sample during fracture blow
.. __ from pendulum hammer.
y*Glass fllled polyester

A)
3




TABLE V

CHEMICAL SUSCEPTIBILITY TABLE

Plastic ‘ Agents

Acrylic .i Methylene chloride, ethylene dichlqride, gasoline, glacigl-acetic acid
ABS — | Methyl ethyl ketone, ethylene dichloride
Nyldn ~ , g Strong acids | |
‘,’ggiggidehzde Resists most common sélvents and“wegk acids
~Polycarbonate EthyleneVdighloride, methylene chloride
Pdlyeéter :  ResisfS‘mosf solvents, acids, and salts
Polyethylene .‘}Oils;;gasoline
Polypfﬁpyiené A,%JSome hydrocarbons, acetone, carbolic acid
Polystyrene , " Methyl ethyl ketone, methylene chloride, toluene, lacquer thlnner,

i glacial acetic acid, ethylene dichloride
- PVC ', ; 8 “ Tétrahydrofuran cyclohexanone, methyl ethyl ketone, isophorone»




CHAPTER V
THE PROJECT

Reason for Testing Plastics

Until the past few years, the ?ublic'skacceptance of
plastics has been very slow due to inappropriate uses of
plastic in product fabrication which has produced a poor
image of the plastics industry. The results of poor fabri-
cation was a product which did not function as it was
designed to and the public to become skeptical of ény pro=-
duct produced from plastic materials. Failure of these pro-
ducts proved to be very poor'publicity)'leaving the general
public with an assumption that plastic was an inferior mate-
rial. Changing the attitude of the consumers who experiencéd
the frustration of a plastic product which failed has been
a major task for the plastics industry. However, in recent
years the image of plastics has changed to that of a miracle
material. This is due largely to the research that has
taken place to develop‘an”understanding of the properties of
each individual plastic (Weede, 1974, p. 2).

When a new prodﬁct is considered for market, studies
are undertaken to select £he best possible material. 'Ques-
tions must be answered as‘tQ howvthe_product will perform
under mild ofﬁrugéed cOhdit;ons of serviée,.then tests?afe'
conducted - to approxig%té7aégﬁegf}ﬁfagkpdsSiblg the actﬁal

;
4
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service enviroment. The purpose of méchanical tests is to
learn how a material will react when forces are applied.

The factors of cost and method of processing must also be
considered. Often the question of how a product is to be
made determines the type of material to be used. The more
rigid the specifications covering the end use of a product,
the easier the selection of an apprbpriate plastic becomes,

if enough research has been done on the resins.

Identifying Plastics

It is difficult, even by experience to identify more
than a few plastics by visual inspection or simple mechani-
cal test so a systematic chemical analysis of plastic mate-
rials is.probably the only method of true identification.
However, it is possible to do a number of quick, very simple
tests and get a tentative answer to the kind of plastic
being tested. The best results are obtained when the
unknown plastic is ofka‘simple type,and not a mixture of
several polymers. t -

The first stéé in analysis is to determine if the
unknown sample is a thermoset or a thermoplastic. This can
be accomplished bykpressihg a hét,glqssﬁstirring rod or
soldering iron firmly aga&ﬁét %he séﬁple. The hot glass
rod or soldering iron will indent the plastic surface if it
is a thermoplaétic, but will not¢30ften a thermoset.

The next test used in identifying different unknown
plasties is to bﬁrn'them by exposing them to an openkfléme.

A small propane torch, Bunsen burner, or alcohol lamp can
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be used for this test. Hold the unknown sample just to the

edge of the flame until it ignites. Note the odor, color of&u”ﬁ5

flame, and behavior of the material. Because of possible
hot dripping plastic, smoke, and fumes, this test'shouid be
condﬁcted over a piece of sheet metal or asbestos in a well
ventilated area.

By using Table VI it is possible to identify the

selected plastics.

Tengsile Strength

Tensile properties refer to the behavior of a mate-
rial when it is subjected to forces that tend to pull it
apart. Tensile testing is one of the most common tests used
for determining the following mechanical properties of mate-
rial: (1) proportional limit, (é) yield point, and (3) ulti-
mate tensile strength which are the most important indica-
tiong of strengthbip a material.

The American‘Society for Tegtingrand Materials
(ASTM) test D 638—72»(1974,‘p. 186)'gives the specifications
for doing tensile t€$¢;§g of’plaéﬁic maferials. Tensile
tests can be conduéfe5 oﬁ>various Shaied samples but the
preferred shape is theﬂQmebell or dog boqe.v Care'ﬁust ﬁé
used in preparing the sﬁécimens fo'ﬁfé&éntESCratches, nicks,
or irreguiarities which will allow stress concentratioﬁé‘and'
premature failure. Fillet size in the necked-down portion |
is also an importantkconsidération. Thé samples may,be‘
molded, caéf; sawéd,>milled, routed, or die cut from éheet

stock with a;minimum of five specimens to be tested. For




TABLE VI

BURNING IDENTIFICATION TABLE

Chlorlne

edges,-white smoke

(Baird, 1971, p. 70)
Pl ; Self
astic Extinguishing Odor Nature Behav1or of Materlal
. - . . - Blue flame, yellow Softens, ‘usually no
Acrylic No Fruit like top spurts drip, little char left
s . Bursting yellow ~Softens, usually no
. »*
ABS B No ‘ Characteristic flame, black smoke *drlp, cﬂars —
Nylon * Yes Burned wool ‘ Eige flame, yellow fMelts, drips, frdfhs
o ~ : Yellow, 1little black Cracks badly, chars
Phenolic Yes Burned Fab{}c smoke,'sparks swells ‘
_ ' 4 o - Yellow, dense black Softens, spurts, chars
Pglyggrbonatev Y?S Sweet carbon smoke, carbon in air decomposes
CEae g . Yellow, black smoke Softens, no @rips,
Polyester - No Burning coal burns steadily “continues to burn
Y ap ke e i e Blue flame, yellow . Melts, drips - -
P°1Y9thy1¢n¢ No; BPrﬂing paraffln top may burn, swells
‘ i i . Blue flame ellow L
1v 1 , . v 'y ¥ . :
Po ypropy gne - yo“ Burning paraffin top, some white smoke Melts, swells, drips
C o I Orange-yellow flame
Polyst ge=y
 ¥§ yrene : No‘ Illumlnatlng gas dense carbon in air 4‘Softens, bgbbles
PVC “VYi* ‘Yﬂydrochlorlc acld Yellow flame, green

Sbftenslg

despribe BUt.repbgnizable--use known;Sample.
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pressure reading on the gauge. The material has then
reached a stage where it can no longér(return to its original
shape even if the stress is relievéd. Ifmfhe test sample
does not separate~during the test the amount of elongafion
can be determined by measuring thé.hew distance between the
gauge marks and comparing it with the original distance prior

to testing.

MOVEABLE
_ HEAD

Figure 6. Gpuge markings on tensile specimen
prior to testing (Beck, 1970, p. 394).

Compression Strength

The ability of a specimen to resist forces that tend

to crush or compress it is called cbmpression strength.

"Ductile materlals do not fail suddenly under compre931on‘

loagd, but they gradually bulge and 1ncreasu in area.‘iTﬁ

increased area is then able ~to support an’lncreased loa&~

Brittle materials do fall suddenly when thelr ultlma,e
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strength is exceeded.

ASTM test D 695-69 (1974, p. 236) is used for com-
pression testing of plastics. The test specimen can be
either a cylinder or prism in shape, with the diameter or
principle width half the iength to prevent buckling, see
Figure 7. Specimensyshould be carefully made by molding or
laminating so that the stress may be ébsorbed uniformly.

See figure 8 for a photograph of the steel injection mold
used for making compression strength specimens. The spec-
imen is measured for width and thickness to the nearest .001
inch and placed in the testing machine. The stress should
be apvlied at a fixed rate of .05 inch per minute. The
formula for finding the ultimate compression strength (CS)
of a specimen is:

os = L (load to cause failure in 1b.) ;
- A ({minimum cross-sectional area in sqg. 1n.

COMPRESSIVE STRENGTH

ugi

SHAPE OF TEST SAMPLES{

i

Figure 7. Shape of samples for compression
strength test (Beck, 1970, p. 397).

The Vega Non-Metallic Tester works well for comprééé

‘sion testing. Because of its expense, this writer modified










39
dﬁre for doing impact testing of piastics. There are two
types of impact testing aprnaratus, the Izod type and the
Charpy'type. The Izod type tester‘uses a pendulum striker
that is swung from a fixed height and strikes a test speci-in
men in the form of a notched bar mounted as a cantiliver
beam. After breaking the specimen, the arm follows fhrough
in the same direction and moves a pointer that gives a

reading in foot-pounds, see Figure 10.

Point of impact

Figure 10. An Izod type impact strength
tester (Milby, 1973, p. 484).
| The Charpy type teé¥er ﬁses a test specimen in the
form of a beam supported at both ‘ends. The beam is broken .
by a blow delivered midway between éubports. The result5,> 
are reported in f;ot-bOuﬁdS’ﬁer ihch' see Flgure 11. | .

In both the Izod and Charpy type teeters the spe01-g'ﬂ

men may be notched..  On the Izod tyne the notch is p051-1'“
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tioned to be on the struck surface. On the Charpy type the
notch is positioned opposite the impact side (Kazanas, 1974,

p. 37).

Pomnt of Impact

Figure 11. A Charpy type impact strength
tester (ASTM, 1974, p. 85).

Both the’Izqd and Charpy tyve tester are expensive
to purchase. Thiskwriter congtructed an impact tester
similar to the Charpy fype tester after reviewing an article
by Neher (1976, p. 212),‘§ee Figure 12. The procedure begins
by mounting thg‘specimen between”fhe supports. The pendulum
is drawn to the first calibration and released. If the
specimen withstands the iﬂpaéf; tﬁe‘pendulum’is drawn -back
an additional calibration and released.. Thié procedure)ié

repeated until the specimen fails, %The last reading is the
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Instead of duplicating this apparatus, this writer
felt the same effects could be obtained by using a piece of
six hundred'gfit silicone carbide abrasivé paper gently rub-
bed on the suffaée of the specimen. A very gentle pressure
on one forward and backward pass aéross the specimen ére

sufficient to show the mar resistance of each specimen.

Chemical Resgistance

The resistance of a plastic to attack by chemicals
must ‘be considered when selecting the proper plastic for
any product. Each plastic will display different reactions
when chemicals make contact with it. Solvents, acids, salts,
oils, and water applied separately to a specimen may cause
some of the following effects: (1) no change, (2) a‘change
in color, (3) a swelling or shrinking, (4) a surface deter-
ioration, (5) a loss of strength or stiffness, or (6) a
change in weight due to absorption.

ASTM test D 543-72 (1974, p. 154) states the proce-
dure for doing this test. This procedure will be modified
to the extent that instead of soaking the svpecimens in
beakers of the specifié agent, an eye dropper will be used
to place a small amount of each agent on the specimen and
any reaction noted. The testing agents used include watef,
acetone, gasoline, lubricating oil,‘hydrochloric'acid, sul-
furic acid, glacial acetic acid, ethylene dichloride, meth-
ylene chloride; téfrahydrofuran, cyclohexanone, and lacquef

thinner.




CHAPTER VI

INSTRUCTION UNIT

Objectives

At the conclusion of this activity the Student will
be able to accomplish the following: (1) demonstrate his
knowledge of the two classifications of plastic materials,
(2) identify a minimum of eight types of plastic by com- ; %
pleting the worksheet, (3) identify the properties of tensile
strength, compression strength, impact resistance, mar
resistance, solvent resistance, and specific gravity, (4)
list two product applications for the eight types of plastic
identified, and (5) identify five methods of processing

plastic into finished products.

Safety Procedures

The gtudent will be expected to observe the fol-
lowing safety precautions while performing this activity:
(1) wear safety glasses, (2) hold burn samples with a spring
clamp over the drip sheet while performing the burn test,
(3) when detecting odor of burned.samplesgfsmell only for a

short time and indirectly by'waving a hand gehfly through 1

the vapors toward oneself, and (5) only one person operate

the hydraullc jack to avoid plnchlng flngers.

45
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Student Procedures

Part I - Identification

The burn test is one of thé‘moét reliable tests’
to determine the type. of an unknown plastic. The test
involves hoiding the unknown plastic above a flame and
observing if the mafepial burna affer it is removed from
the flame, identifyiné the odor given off, noticing the
color of the flame, the presence of any smoke, and ény
dripping of the material.

A burning identification table (Table VI on page
32) has been provided to assist in identifying the sam-
ple's burning characteristics. When a sample has been
identified place the correct name'in the answer sheet
and indicate if it is a thermoset or a thermoplastic.
The- plastic sample will have a code number on it. 7Place
the name of the plastic opposite the code number.

Step 1. Select a sample.

Step 2. To determine if the sample contains any
chlorine; heat a copper wire until it is bright red and
touch tﬁé wire to the plastic in such a way as to retain

gsome of the plastic on the wire. “Rétﬁrn'the wire to-the

flame, a green color flame indicates the presence of - o °

chlorine. PVC is the only sample which contains this *
element in the selected samples. - e s
Step 3. Hold the sample by the spring clamp over - |

the alcohol lamp. Observe the burning characteristics
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and determine the unknown sample's correct name and
record.

Step 4. Using a soldering iron, determine if the
sample will melt. A thermoplastic will melt but a therm-

oset will not.

Part II

Research and Development Project

One of the most impdr%ant’aspects of industrial
design is the production of é prodﬁct which will perform
the function for which it was intended. If a new pro-
duct fails to meet this fequirement it is of no value.
New products w111 qndergo ahgreat deal of testing by a
producer before maés production begins so that the con-
sumer will have a product which;does'serve the intended
purpose well. | H

This process of searching for improved produc-
tion methods and more satisfactory materials is called
research and development. In an industry fabricating
products from plastic, the selection of the appropriate
plastic is of utmost importance. In the research and
development stage of material selection, the materials
being considered are tested under all of the anticivated
conditions to which the product will be exposed. Suf-
ficient testing must be done to insure the strength and
durability of the material finally selected. Additional
considerations are costs of materials and production as
well as forming methods to be used (Weede, 1974, p. 3).

The assignment for Part II is to select and
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- design a produCt that will be made of plastic.‘ Groupsg
 6£ four,studéhfs will make up the members of research
»éhd developméht teams for a plastics manufacturer. Tﬂé
employer*Wénts‘each feam to design and test a new pro-
duct made of plastic which will'then‘be produced and
sold by the company. As part of the research, each
groupvwill be expected to do as many of the following
tests that are appropriate for the oproduct selected and
to determine which plastic best fits its requirements:
tensile strength, compression strength, imvact resis-
tance, sbecific gravity, mar reéistance, and chemical
resistance. These teét*results will become part of an
orderly written paper iﬁ4which a specific product is
proposed, theﬁ researched and deQéloped. Such items as
the reason for the need of this,péw product, forming.
processes used, list of equipmentvneeded for proCéssing;
method of distribution 6f-%he product, and the possible
cost of each finished artiqle should be included in the
regearch paper. At the ena é%%gstwo week period’the
members df the research tééﬁAWiII give.an oral presen-
tation to the class'and pfeséht the written paper to the
teacher. 4

Each student W1ll bg evaluated on his contribu-

tion to the team effort as well as the team's ablllty to

develop an original product the dggree Qf thought

ﬂ~1nvolved the neatness of the flnish’ :per, and the

' _manner in which the oral preéentation¢is made.: Suggested

RS
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resources for the student use are listed under the

heading Reference Books.

Student Test

10.

1.

12.

Define the following:
Thermoplastic
Thermoset
Compression test
Tengile test
Impact resistance
Specific gravity
Mar resistance
Solvent resistance
Answer the following:
What is the best way to identify a plastic?
Name eight plasticé worked with in class and indicate
which classification each fits into.
From a research unit, recall five methods of forming
plastics into finished useable products.
From a research unit, recall two product applications

for any eight of the ten:plagtics tested.

S

Instructor Information | RN o e égﬁﬁa*;g;o&ﬁ

Audio Visual

Appendlx A has some tranqparen01es tak'
the Secondary Exploration of Technology Ikogram
There is a transparency series avallable fromﬂDCA"

‘tional Products entitled ”Piastics Technology" foréﬁréz
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available through Brodhead-Garrett Company or Paxton/

Patterson.

Industry,

By writing the Society of the Plastics

Incorporated a free pamphlet can be obtained

listing a large selection of free films dealing with

several areas of the plastic industry.

Reference Books

The following printed publications should be

available for student and instructor use in teaching

this unit:

Title:
Author:
Publishing
Date:

Title:
Author:
Publishing
Date:

Title:
Author:
Publishing
Date:

Title:

Author:

Publishing
-Date:

Title:
Author:
Publishing
Date:

Title:
Aﬁthor:

- Publishing
" Date:

Company:

Company:

Company:

Company:

Company:

Company:

Plastic Progects and Techniques,

Gary Weede and Wayne Zook

Industrial Plastics
Ronald Baird
Goodheart-Willcox
1971

Cope's Plastics Book

Dwight Cope

Goodheart-Willcox
1960

General Plastics

Raymond Cherry
McKnight
1967

Plastics Technology
Robert Swanson
McKnight

1965

Alvin Lappin
McKnight
1965

Plastics and Plastlc Produ?
Testing

Vega Enterprises
1974
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Suggested Equipment

1 Injectron injection molding machine or egual
for making tensile and compression testing specimens.

1 Rockwell/Delta combination milling machine or
equal for making steel or aluminum molds for tensile
and compression testing specimens.

1 Wells soldering gun for plastic identification
test.

1 Vega Non-Metallic Materials Tester or egual:
if this is too expensive an adequate substitute can be

made by using a hydraulic jack in the laboratory.

Supply Information

The plastics and many of the solvents used in
this research project can be obtained either from
Cope Plastics or Industrial Arts Supply Company.

Addresses for these suvpliers appear in Appendix C.

Cope Plastics
1/8" Nylon sheet, $1.89 pef‘squére foot
1/8" Acrylic sheet, $1.93 per square foot
1/16" Polystyrene sheet, 50¢ per square foot
Ethylene dichloride as #1 cement, $1.10 per pint
Methylene chloride as #3 cement, $2.10 per pint

Glacial acetic acid as CD-94 cement, $3.10 per pint

Industrial Arts Supply Company
ABS pellets, $1.20 per pound

Phenolic granules, §$1.00 per pound
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1/8" Polycarbonate sheet, $§2.80 per square foot
Polyester resin, §1.95 per pint
High Density Polyethylene pellets, 99¢ per pound
Polypropylene pellets, 95¢ per pound
PVC powder, $1.25 per pound

Gasoline and lubricatiné”;il can be obtained at
a local gas station. Sulfuric and’ﬁydrochloric acid can
be obtained from a school's chemistry department‘and
most hardware stores carry acetone, 1aéquer thinner, and
some brand name of PVC'pipe solvent which contains tetra-
hydrofuran or cyclohexanone.

If a laboratory testing device is constructed,
the necessary items are a hand operated hydraulic jack
(three ton is fine), about eight foot of three inch
channel steel for a frame, and a two thousand pound pres-
sure gauge, and some brass fittings. All of these items
can be purchased from local auto parts suppliers with
the exception of the channel steel. Most local steel
product fabricating companies will have this item in
stock. If difficulty is experienced in locating a large
enough pressure gauge locally, the Mueller Sales Corpo-
ration handles the necessary item in a variety of face
sizes and pressure ranges. Their address can be found

in Appendix C.



CHAPTER VII

SUMMARY

Review of the Project

This paper discusses some of the more common charac-
teristics of ten plastics: Aérylic, ABS, Nylon, Phenolics,
Polycarbonate, Polyester,}Pdlyethylene, Polypropylene, Poly-
styrene, and PVC andﬁhow‘theseAplaétics can be studied in
an exploratory manner by a Jjunior high studenf. Through a
serieg of éxperimenfs Fhe"stﬁdent'éan discover how to ident-
ify unknown plastic spéciﬁens and proceed to classify them.
In the second partvof.jhe étudy'unit, a Jjunior high student
has the opportunity to do }ole playihg as a member of a .
research and development team which plans, tests, and selects
a plastic for manufacturing;ihto a conéumef product, using
testing apparatus built for that purpose to assist in making

a proper selection of material.

Conclusions

This project doeé accomplish the purpose that was
established in Chapter I in that a unit of study for junior
“high exploration into identifying and testing of selected
plastics has been created. The unit will be used in the
following term to establish how well it accomplishes the
intended task. If necessary, modifications may need to be

undertaken if unforeseen problems arise. Due to the time -

53
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limitation a field test of the instruction unit was impossi-

ble.

Recommendations

The study units set forth in this research paper will
need further field testing in thé classroom situation to
determine what revisions may be required. This investigator
has found that as of this date, the first unit on identi-
fying various plastips works well as a learning tool for
gstudents in making them aware of selected plastics and their
properties. The second_ﬁniﬁlsnkstudent role pléyihg will
reguire some additional informatighﬁto’make it more meaning-
ful. One suggestion would be a géries of discussions about

industries' research téamsyand theirvrole in product design.



55

BIBLIOGRAPHY

1973 Annual Book of ASTM Standards, part gl. Philadelphia:
American Society for Testing and Materials, 1973.

1975-1976 Directory giilowa Manufactures. Des Moines, Iowa:
Towa Development Commission, 1975.

Barid, Ronald J. Industrial Plastics. South Holland, I1li-
nois: Goodheart-Willcox Co., 1971

Beck, Ronald. Plastic Product Design. New York: Van Nostrand
Reinhold Co., 1970.

Dean, Harvey. "Materials Analysis and Processing Systems,"
Secondary Exploration of Technology. Pittsburg, Kansas:
Kansas State College, 1973.

DuBois, Harry. Plastics. New York: Van Nostrand Reinhold
Co., 1974.

Industrial Research Laboratories of the United States. New
York: R.R. Bowher Co., 14th ed., 1975.

Xazanas, H.C. and D.F, Wallace. Materials Testing Labora-
tory Manual. 7Peoria, Illinois: Chas. A. Bennett Co.,
nc.’

1974

Kresser, Theodore. Polyolefin Technology. New York: Van
Nostrand Reinhold Co., 1969,

Milby, Robert. Plastics Technology. New York: McGraw-Hill,
1973.

Neher, Lloyd D. "Saving ¢ For the Laboratory Teacher," Man/
Society/Technology. Washington, D.C.: American Indus-
trial Arts Association, 35:7, April, 1976. '

Park, W.R. Plastic Film Technology. New York: Van Nostrand
Reinhold Co., 1960.

Simonds, Herbert. A Concise Guide to Plastics. New York:
Reinhold Co., 1969.

U.S. Department of Labor. Occupational Outlook Handbook 1974-
5. Washington, D.C.: U.S. Government Printing Office,

1974.

Weede, Gary D. and Wayne H. Zook. Plastics and Plastic Pro-
ducts Testing. Decatur, Illinois: Vega Enterprises Inc.,
1974. .




56

Ziska, James. "ABS," Modern Plastics Encyclopedia, 1974-1975.
New York: McGraw-Hill Inc., 1974,




APPENDIX A

Overhead transparencies taken from Secondary

Exploration of Technology Program.
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' APPENDIX'B

Student answer sheet for Instruction Unit, Part I.
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Sample

Jdentification Worksheet

Plastic's Name

Name

62

Any Chlorine

TP or TS

10.




APPENDIX C

Addresses for equipment and supply houses.
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Brodhead-Garrett Company
4560 East T1st Street
Cleveland, Ohio 44105

Cope Plastics
1111 West Delmar Avenue
Godfrey, Illinois 62035

Industrial Arts Supply Company
5724 West 36th Street
Minneapolis, Minnesota 55416

Mueller Sales Corporation
1119 Wenig Road N.E.
Cedar Rapids, Iowa 52402

Paxfon/Patferson
5719 West 65th Street
Chicago, Illinois 60638



APPENDIX D

Addresses of Book and Audio Visual. publishers.
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Goodheart-Willcox Publishing Company
123 West Taft Drive. ‘
South Holland, Illinois 60473

McKnight Publishing Company
U.S. Route 66 at Towanda Avenue
Bloomington, Illinois 61701

Vega Enterprises, Incorporated
Route 3, Box 300B
Decatur, Illinois 62526

The Society of the Plastics Industry
250 Park Avenue
New York, New York 10017
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A sample letter.
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orporate Headquarters
7034 East Court Street
Davison, Michigan 48423
Phone: 313/744-4500

 July 1, 1976

Mr. Paul Harrinaton
Mt. Vernon, Iowa 52314
Dear Mr. Harrington:

Thank you for your letter of June 21st on the subject of testing plastics, and
PVC in particular.

By far the most aggressive solvent for both PVC and CPVC (chlorinated polyvinyl
chloride) is tetrahydrofuran. Our solvent cements are predominantly THF, with
cyclohexanone and methyl ethyl ketone acting as evaporation rate retardants.

Cyclohexanone, tetra hydro furan, methyl ethyl keton and isophorone are all active
PVC solvents, but they dissolve it so slowly that it would take many hours to
effect the test. Dimethyl formamide is active too, and comes nearest to tetra-
hydrofuran, but it has toxicity problems, and it can be absorbed through the
skin, so we do not use it.

Applying a match to PVC will cause it to decompose so long as the flame impinges
on the specimen. The resultant odor is characteristically hydrogen chloride,
causing telltale irritation in the nostril.

I do not regard tetra hydro furan as particularly dangerous in small quantities,
excepting only the low flash point. A 50/50 mixture with isophorone is much more
stable, ?isophorone has the highest boiling point of all of the solvents) yet it
would greatly facilitate detection by dissolution.

I hope that these comments prove helpful to you.

I
K. V. Pepp

Vice Presiﬁidti- Operdtions

Very truly y,
GENOVA, Iqu

KVP/mh

Plant Locations:

300 Rising Street . 500 N. W. 12th Street Forest Rood .
Davison, Michigan 48423 Faribault, Minnesota 55021 Hozleton, Pennsylvania 18201
Phone: 313/653-4181 Phone: 507/332-7421 Phone: 717/459-1436
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Children...eicerecosersonsnccess

Education... .

Present:Position..;.......;..
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Paul D. Harrington

Towa
Digne Marie

Julie Marie,
David Adam,

Marshalltown Community H. S.
Marshalltown, Iowa
Graduated 1965

Marshalltown Community College
Marshalltown, Iowa
1965-1967 AA 1967

University of Northern Iowa
Cedar Falls, Iowa
1967-1969 BA 1969

University of Northern Iows
Cedar Falls, Iowa
1971-1976

. Lisbon Community Schools

Lisbon, Iowa

1969~
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