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SA JOSE STATE CCLLeot
{iDUSTRIAL STUDIES DEPARTMENT
1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESEMTED BY: L. Russell Pickett
Hamlin Junior High School
Springfiled, Oregon

INSTRUCTIGNAL LEVEL: Jr. High, high School, Junior College
TITLE: Polymers - Acrylics

PRESENTATION TIME: Lecture-iemonstration 6 - 16, Student
Experiment 10 - 20 hours,

INTRODUCTION:

\crylic is the chemical name for one of several kinds of
plastics in the big family of thermoplastics. This plastic
material is probably the most familiar to most of us, because of
its various colors and textures when used in homes and purchasing
it at your local hobby shop. “ost of you will recognize some
of the trade names of this material: ~lexiglas, lucite, evr-
kleer, gerlite and polycast. ‘'uch of this material is used clear,
or is referred to as transparent,zlso much of the material is
translucent. :

OBJECTIVES: :
i. The student should be able to recgognize this material
as one in the family of tﬁermoplas%ics.

2. The student should be able, tc give two or three weys this
material differs from other tharmoplastic materials.

3. The student should become familiar with the physical
properties of this materiai.

4, The student should become acquainted with the industrial
use of this nlastic material.

INTER-RELATICN WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Polymers {(Plastics)

INTER~RELATIGN WITH OTHER SUBJECTS:

1. Tnis subject could be introduced as a short unit in
Woed, .letal or General Shop courses of Industrial Arts

2. Team teaching with the 8th grade General Science
teachoer would be possible, where he smpnasized the
theory and the IA teacher reinforced it with experiments
and projects in the IA lab.

3. Fits nicley under 9th grade IPS science orogram which
is based on chemistry, oxperimentation, ~nd properties
of materials.
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USE I INDUSTRY:

Applications in industry are aircraft olazing, internally
illuminated fluorescent Tights, zrchitectural panels, skylights
and demonstration models. :Icrylics are divided into three
main product groups: cast sheet, molding nowder and high-
impact molding powder. 111 moiding powders can be used in all
injection and extrusion equipment. The crystal clarity of the
acrylics, along with the ease with which they can be decorzted
by vacuum metallizing, spray painting, %ot stamping and other
methods are important characteristics for many applications.

This material is one.of the ecasiest plastic materials to work,
requiring a small amount of equipment. The material is one of the
least expensive plastic materials, which gives the students many
opportunities to find out the working properties of this material,
such as burning rate, iransparency, hardness, “ater absorption,
solvents and adhesives.

“ATERIALS AND EQUIPMENT:

acid swaps (one doz)

aeroscl spray paint cans (assorted colors)

eye droppers (one doz)

coloring dyes

holding jigs - thermoformed shapes (assortment)

strip heater

neat gun

bunsen burner

Tight source (flashlight or small table lamp)

six doz pint & half pint glass jars (wide mouth)

various samples of acrylic (cast sheet) materials, colors and
textures,

o or 6 solvents for this material - incli. acetone

5 or 6 adhesives for this material to incl. ethylene dichloride

oven, themostat contreiled

extrusion machine if available

air pressure forming machine if available

small sandblasting machine if available

injection molding Machine if available

assorted manufacturing samples: =auto taillights, metallized
components, tight fixture shades, etc.




EDUCATIONAL MEDIA:

1.

O
L ]

Films (for ordering information - zee appendix)

PLASTICS IS YOQUR BUSINESS

THE ®AGIC #0LECULE

THE COMPOSITION AWD PROPERTIES OF PLASTICS

THE SHAPE OF PLASTICS

WHAT CAN THE MATTER BE?

PROSPECT FOR PLASTICS

ORIGIN ANDR SYNTHESIS OF PLASTICS MATERIALS

NEW WORLp OF CHEMISTRY

PLASTICS, INDUSTRIAL PROCESSES AND PRODUCTS

METHQDS OF PROCESSIHG PLASTIC MATERIAL

MANUFACTURE OF PLASTICS

PORTRAIT I PLASTICS

WHC I THE WORLD IS SWEDLOW?

HERLON POLYCARBOMATE

CONSTRUCTION AND OPERATION OF PLASTICS SCREM EXTRUDERS

EXTRUSION STUDICS WITH TRANSPAFEHT BARRELS AND DIES

Transparencies

#1 - #14 - zttached to unit

fudio-Visual iaterials

overhead projector

8mm single concept projector

16 mn sound projector

drill size chart

tap and die chart

safety charts on machine tools

chart of extrusion machine illustrating the parts

chart of injection molding machire, illustrated
operations and parts

acrylic rod with knot tied in it for iicht transmission
illustration

molacular models

Single concept film 1ist - super & mm silent

(all instructor made or purchased commercially if

avaialble)

operation of a sandblaster

operaticn of shop designed air pressure forming machine

operation of extrusion molding machine

operation of the injecticn moldine machine

Slide series

The introductory group of slide needs %o be developed

hy the instructor or purchased from the following:
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Aruitoxt provided by Eic:

Kitco Division of the Henry Company

6405 East Kellog Street

Wichita, Kansas

Fiimstrip and record at $18.50 - INTRODUCTION
TO PLASTICS - 35 mm. film strip and accompanying
33 1/3 record, color. 20 minutes. .

| TILIZATION IN THE TEACHIMG-LEARKING ENVIROHMENT:
SAFETY:

1. Many of these materials are acid in nature and are
not easily removed from clcthes - wear shop coat.

2. When cutting or sanding wear eye and/or face
protection.

3, ost of these materials are very inflammable, use
use considerable caution when near heat. "0 NOT
WORK WITH THESE MATERIALS NEAR OPEM FLAME.

PRFSENTATION:  (Instructor)

Introduction -{importance of nlastic to our society today)
Transparency 1, Films 1 & 2.

Atoms & Molecular structure of Polymers - Transparencies
2, 3, &, 5, ‘olecular Yodels, “iims #, 4, 53, 9.
20lymerization - Demonstration on making simple nylon,
Transparencies 6 & 7, “olecular models, Films 7 & 8
plastic Families - Transparencies € & 9, a common
sample of each type of plastic, Film 9.

Acrylic Structure - Trans. 10.

Producing Acrylics - Trans. 11 % 12, Films 10, 11, 12.
Properties of Acrylics - Demonstration on Impact
Strength, Trans., 13, Film 13,

Light Transmission (Clarity) - Demonstration with
polished edge & carved letters in face of material for
edge lighting effect, irans 13, “crylic rod tied in a
knot - nolished at both ends.

Heat rorming (Plastic iemory) - Jemonstration on heat
forming a small project, “ilm 14,

Adhesion - emonstration of the various methods of
joining two pieces of acrylic.

Solvents - I1lustration of student experiment, Trans.13
Dyeing - Uemonstration on three types of dveing, Trans
12, samples of colored acrylic plastic.

futting-Shaping & Texture - Jemonstrations: hanc %
power tools for cutting, drifling, filing, sanding &
buffing, sandblasting, coating by paint. Charis on
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safe operation of power tools, Single Concept film on

Operation of Sandblaster, Shop color chart for available

colors,

N. Fabrication

1. Fasteners - demonstration on drillina and tappina of
acrylic material, Tap and Die Chart, and Drill
Chart.

2. Air Pressure Forming - Jemo. on making a small free-
form dish, Trans. 14, Single concept film on
operation of shop designed air pressure forming
machine.

3. Extrusion - Demc. on this machine, Chart on machine
operation and parts, Singie concept film on the
operation of Extrusion Molding Machine, Films 15 & 16

4. Injection Molding - demo on this machine, Chart on
parts of the machine and operational procedures,
Single concept film on the operatjon of the
injection molding machine.

PRESENTATION: (student)

topic student assignment student exj: -iment or project

A list piastic materials none
known, by uses

B review knowledge of construct other molecular
atoms and molecular structures from models
structure

C none construct other polymer

"mers" 1ith models

D list samples of plastic none
presented

E read about acrylics in none
ref & textbooks

F study production of none
acrylic resin

G find burning rate on test burning rate of
propaerties trans, various acrylics
% impact strength test impact strength

H find transmittance on expr. with different angles
properties chart - text of bends for light

transmission
I find correct temp twist or form sample pieces
for forming various when heated, then reheat and

thicknesses acrylics observe. small projects can
be made.
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J. 1list as many types of test as many as possible
adhesives as possible to fing the strongest

that will work on this and best. rroject work.

Tind solvents that will experiment with the solvents

work on acrylics and record results - expr.
with solvents as cleaners

L check out avaiiable experiment with 2 or 3 to

dyes find best fer your project
M. review safety rules, experiment with handsaws,

find best bandsaw blade,test erosion with disc

review operation sander, iest for light

of sandblaster transitissicn after sandblasting
N. review safety attempt project on one of

these machines
EVALUATION AND OBSERVATION:

STUDENT PERFORMANCE :
topic question tc be answered curing the unit

A. Are there only two or three plastic materials used
around the homie?

Why are plastics important to us as a society?

B. How do materials differ in molecular structure?
How are the fossil fuels important to polymers? |

C. ‘’lhat are the basic elements naeded for polymerization?
WHhat is meant by a "mer" in polymerization?

How many molecules are involved in pelymerization?

U. What is the difference between the two major families
of plastics?

E. How does the molecular structure of acrylic differ
from polystyrenc or another polymer?

F. How does a reactor cperate in making acrylic resin?

G. How do the promerties of acrylic materials compare
with polystyrene?

H. Is there a thermoplastic materiail that has better
Tight transmission qualities than acrylic, if so,
which one is it?

I. Why does this plastic material seek its original
shape when reheated after forming?

J. Ca# you describe the action that takes place when
glueing with a solvent type adhesive?

K. Which soivent worked the hest on this material, from
the results of your testing?
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s there a difference between transparaent and
translucent acrylic materials?

What should be done with the surface of acrylic
material before coating with a paint?

how many different machine processes can be used
with any form of this material in making useful
plastic items?

UNIT EVALUATIOW:

1. GObserve the students as they are performing the
experiments, for clues to futura nresentations
of this unit.

2. To measure to a slight degree the success of the
unit, you might assign each student a performance
typ e of test operation or a project to see if
they (individually) have gained knowledge of that
activity.

3. Fach student could have four or five samples of
plastic material (one - acrylic). By performing
any test they knew about and wished to try, identify
which one is ihe acrylic sample.

4; Determine the definite length of time by
presenting this unit. How many neriods for
instruction, experimentation, and student projects.

5. fach instructor should try experimental ideas
of his own, <o not let this cutline limit your
breadh or depth of instruciton.

DEFL;IITION OF TERMS:

Acrylic ester - of acrylic acid, or of a structurel
derivative of acrylic acid, e.q., methyl methacrylate
Compressive strength - crushing 1oad at the failure

of & specimen divided by the criginal sectional area
of the section.

Crazing - fine cracks which may extend in a network

on or under the surface or through a layer of a
plastic material.

Creep - dimensional change with time of a material under
load, following the initial instantaneous elastic
deformaticn. LCreep at room temperature is sometimes
called cold flow.

Crystallinity - a state of melecular structure in some
resins which denotes uniformity and compactness of the
molecular chains forming the polymer.
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6. Dimensional stability - ability to retain the precise
shape in which it was molded, fabricated or cast.
/. Llongation - fractional increase in lergth of a material
stressed in tension
8. Extrusion - compacting of a plastic material and the
forcing of it tarough an orifice in more or less
continuous fashion.
2. Flexural strength - strength in bending, expressed as
tensile stress of the outermost fibers of a bent
test sample at the instsit of faiiure.
i0. Hodulus of Elasticity - ratio of stress to strain in
a material that is elastically deformed.
11. Plastic deformation - change in dimensions of an
object under load that is not recovered when the load is
removed; oppcsed to elastic defcrmation.
12. Tensile strength - pulling stress, in PSI, required
to break a given specimen
13.  Yield Value/strength = icwest stress at which a
material undergoes plastic deformation. ~elow this
stress, the material is elastic; above it, viscous.

REFERENCES: (see references - cellulosics unit)
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THE PRODUCTION OF NYLON 6/6 Iff ILLUSTRATING POLYMEPIZATION

INTRODUCTION:
This is a simpiified version of the industrial application.

“ATERIALS & EQUIPHENT:

¢.6 grams of 1,0 - hexanediamine
50 mills of HZO

2 mills of sebacoyl chloride

100 mills of carbon tetrachloride
1 - 500 cc beaker

overhead projector and s creen

1 pr tongs

8" niece of 1/2" dowel

UTILIZATION IN THE TEACHNG LEARNING ENVIRHOMENT
SAFETY:
1. Safety glasses required
2. Mix chemicais in well ventilated area - fumes
injurious to lethal
3. ring into classroom mixed - due to dangerous nature
of fumes
PRESENTATION:

i. lix the sebacoyl chloride in the carbon tetra-
chloride & put into a 500 cc beaker

2. o not pw otner chemicals into beaker until mixed
in a separate container

3. Pour tne 1,6 hexanediamine and water slowly into
the beaker of sebacoyl and carbon tetrachloride

4. These wiil form two layers of liguids with a
membrane in between,
?lace the beaker on the overhead projector and
project

6. ‘'ith a pair of tongs reach into the beaker and
pull up the membrane in the center

7. The membrane will become visible as it is pulled
away from the beaker walls

8. A strand of nylon will be drawn from the membrane

9. Place the strand of nylon on a piece of dowel and
rotate

10. The strand continues to be drawn as long as the

two solutions unite to form the strand.
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ATOMS, SYMBOLS,
VALENCE NO.& STRUCTURE

ATOMS SYMBOL VALENCE NO. STRUCTURE
Hydrogen H 1 -H
Fluoride F 1 -F
Chlorine CL 1 -CL
lodine l 1 -1
Bromine Br 1 -Br
Oxygen O 2 -0~
Sulfur S 2 -S-

|
Nitrogen N 3 -N-

I
Carbon C 4 -C -

Silicon Si 4 -S-




COVALENT BONDS

COMPOUNDS
Methane (Marsh Gas)

H

4H + C
H 2 C - H
/ OO
L
H .‘ Gogzgggtoélectrons
Water
- H,0 2H + O
o O

H
/ H
N Bonds of Covalent Electrons

Methy! Alcohol
o O o o H

CH O 4H + C .+t 0 00
0 H3 C2O_ H

00
) H
C/"" °\
"/” \ “H
H
Monomer Bonds of Covalent Eiectrons

¥ ERIC Ce




Formulas, Atoms & Structures

FORMULAS

1. Molecular — Indicate kind and number of atoms in molecule.

2. Structural — Also jndicate chemical bonds between atoms.

Water
H O Two atoms of hydrogen H—-0—H
2 One atom of oxygen |
Methane(Marsh Gas) H
CH Four atoms of hydrogen H‘|C"H
4 One atom of carbon '
\ H
)
‘ Methyl Alcohol H
C H O Four atoms of hydrogen i
4 One atom of carbon H-? - O0—H
One atom of oxygen H
Ethylene W H
Four atoms of hydrogen | |
C 5 H 4 Lo
Two atoms of carbon | |
H H
Ethane W
C H gix atoms of hydrogen [
2 6 Two atoms of carbon H= ? N C, —H
H H

Ethyl Alcohol

\;. , Cr H O gix atoms of hydrogen 7 ff
2 6 Two atome of carbon H-C—C—O“‘ﬂ

| |

H H

One atom of oxygen




POLYMERIZATION
Polyethylene

(MANY MOLECULES OF ETHYLENE JOINED TOGETHER)
(CATALIST) |

CH,=C h') (c,t/ ),,
n HEAT - LIGHT

PRESSURE

H 4 H H
| :
C C DCUBLE BONDS BROKEN C

I l

H

l
~C-
, /
H /h
BIFUNCTIONAL

TWG 'REACTION SITES
FOR OTHER MOLECULES

H H H H

Co Hot o

(=C-C=C g 5 -€-C=C-C-

| H
H

|
H H
I(—MONOMER —-)l Euem NER e

POLYMERS »——> MANY MERS

(o .




Types of Polymerization
ADDITION TYPE

~ Ethylene  Water Ethyl Alcohol

CH,=CH,+ HOH % CH,-CH,OH

Ethylene | Polyethylene -

CH,=CH, B> (CH,-CH)

2 fHeat- 1ight
Pressure

- CONDENSATION TYPE
~ Acetic Acid Ethylalcohol

CH,-COOH + HO C,H, »
Ethyl Acétate Water

»>> CH,C00C,H, + H, 0




POLYMERS
THE THERMOPLASTIC FAMILY

SIGNS AUTO TAIL LIGHTS

ACRYLIC o
CONTACT LENSES ~ CONTROL PANELS |

PACKAGING TOOTH BRUSHES

L CELLULOSIC |
| STEERING WHEELS EYEGLASS FRAMES

f POLYAMIDE | GEARS  FABRICS  SHOWER HEAD
| (NYLON) | vALVES PIPING

&

g SQUEEZE BOTTLES  PACKAGING
~ POLYOLEF IN
| roumee | INSULATING COVERS CONTAINERS

POLYPROPYLENE

FOOD COHTAINERS BATTERY CASES
CABINETS  INSULATION PIPING

FLOOR COVERING RAIN WEAR
SCREENING  CEILING FIXTURES

- POLYSTYRENE

VINYL

:
[y
i—©
g

ERIC




POLYMERS

THE THERMOSET FAMILY

DISHES COUNTERTOP MATERIALS

AMINO
| 'ADHESIVES  SWITCHES  SiZINGS

KNITTING NEEDLES ~ BUTTONS
DRESS BUCKLES ~ NOVELTIES

CASEIN

ADHESIVES  SURFACE COATINGS

EPOXY |
ELECTRICAL COMPONENTS

APPLIANCE HANDLES T-V CABINETS
DISTRIBUTOR CAPS  ADHESIVES

 PHENOLIC

BOAT & AUTO STRUCTURES  COATINGS

- POLYESTER |
| SPORTS EQUIPT. BUILDING MATERIALS

MOLD RELEASES  TAPE ADHESIVES
ELECTRICAL COMPONENTS

—————a

FOAMS  INSULATION COATINGS .
RUG PADS AIRCRAFT PARTS




(\e)

2

 SOITANMOV

SMIWATOd OILIHLNAS




THE CHEMICAL STRUCTURE OF ACRYLICS

IN Line CHART FORM

LIME COAL METHANE PETROLEUM
(CARBON) | | |

-1 |

[ CALCIUM PROPILENE

%tR%Iz.DE CH,CH =CH,

ACETHYLENE | _
HCECH T8OPROPYL I

l ALCOHOL
CHy CHOH - CH3

ACETIC ACID
CHy COOH l

ACETONE
_CH3' Co- CH3

ACETONE
CYANOHYDRIN

704
CHy C\CN CH,

METHACRYLIC
ESTER

=/ CH
HaC=C{ 3 .

POLYMERIZATION
POLYMETHACRYLATE O

ACRYLIC' | (pOLYMETHACRYLIC ESTER)

- ‘
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PRODUCTION OF

ACRYLICS

ACETONE

ACETONE
i CYANOHYDRIN

HYDROUCYANIC
ACID

|

i
| METHACRYLATE
MONOMER

1

POLYMERIZATION

BLOCK

MIRROR GLASSgl

CHAMBER

PIPES

BIYWING
INTO

MOL.D

DRAW MA%CHED VACUUM
DIE DEEP
PROCESS MOLDING | DRAWING
BLOW. *
MOLDING BEAD
POLYMERIZATION
T
BFAD
POLYMZIRIZATE COLORANTS
e INJECTION
EXTRUSION MOLDING DENTAL
COMPOUNDS
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: SAN JOSE STATE COLLEGE
g INDUSTRIAL STUDIES DEPARTMENT
N 1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED B8Y: Wayne A. bouglas
Central High 5chool
Akron, Chio

INSTRUCTIONAL LEVEL: High School - College
TITLE: Polymers: Cellular Plastics

Cellular plastics, also referred to as expandad or foamed
nlastics, are growing members of the plastics of the plastics
family. They are used in the making of insulation, as core
materials for load-bearing structures, or cushioning materials
used in product protection during shipping and for furniture,
bedding and upholstering. Among those plastics which are com-
mercially produced in cellular form are: cellulose acetate,
epoxy, phenolic, polyethylene, polystyrene, silicone, urea-
formaldehyde, urethane, and celiulose vinyl. (see transparency

.. no. 1, no. 2 and no. 3)

QOBJECTIVES:

1. To veview the various types of cellular plastics used
in industry.
To acquaint the students with the outstanding properties
and characteristics of foaming materials.
To raview the structural and chemical composition of
cellular plastics.
To understand the produstion methods used in producing
cellular plastics.
To demonstrate a few of the foaming processes.
To encourage the students to perhaps sezk a "better
way" and to always ask "why" when exparimenting with a
particular material.

u INTRODUCTION:

oo A~ W

INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Polymers

INTER-RELATION #ITH OTHER SUBJECTS:
Chemistry - organic
Physics
£conomics
Mathematics




YSE IN INDUSTRY:

Commercially, cellular plastics can be produced in the form
of slabs, blocks, sheets, molded shapes, extruded insulation and
sprayed coatings. In add1t1on several can be "foamed in place”
or "packed in place" in an existing cavity for potting of an
electrical component within a housing, and for providing thermal
insulation in a building or other structure.

Each of the nine major cellular plastics have specific
industrial applications. However, the uses fall largely into
the fields of thermal insulation, acoustical insulation, electri-
cal insulation, potting, structural reinforcement, cushioning,
floats, packaging, and displays. Transparency Ho. 1 will give
a féw)specific industrial examples. (sze transparency no. 3 and
no. 9

cDUCATIONAL MEDIA:

1. Charts
2. QOverhead transparencies
3. Films

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT:

SAFETY:

In most cases the blowing agents release only the
relatively harmless gas nitrogen, but in some cases other
gases which may be toxic may be given off; also, it should
be borne in mind that most blowing agents are highly
flammable, and may be explosive if proper precautions are
not obsarvad.

The user should be thorougnhly familiar with the chemical
behavior of the blowing agonts (1) its activation tempera-
ture; (2) its liability to bz activated by contact with
other chemical; (3) its possible interaction with the
material being expanded; (4) the rate at which it evolves
gas; (5) the nature of its decomposition products.

For more detailed instruction in safety procedurns consult
Plastics Enginegering Handbook, page 139.

PRESENTATION:
I. Classification of Family
A. Specific Family:

Various plastics are used in the making of foams,
both thermosetting and thermeplastic. In general,
the basic propertiss of the respective plastics
are present in the foamed plastics, except, of
course, those which are changed by the convarsion to
cellular structure,

e g
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B. Two General Types
The cellular plastics are of two general types
regarding structure, the closed-cell type (in
which each individual cell, mere less spherical
in shape, is completely closed in by a wall of
plastic) and the open-cell type {in which individual
cells are intercommunication).

II. Cellular Plastics
A. Chemical Types
The chemical types now in commercial manufacture
number a total of nina. The major types are as
follows:
callulose acetate
2poxy
phanel-formaldehyde
polyethylene
polystyrene
silicone
urea-formaldehyde
urethane
i. vinyl
B. Closed Cell Open Cell
Cellulose Acetate @  ===w--
Epoxy Epoxy
Polyethylene  <co===-
Polystyrene = -=-=--
Silicone = e=ewe-
Urzaa-formaldehyde Urea-formaldehyde
Vinyl Vinyl
Urethane Urethane
Phenolic = =we-m=-
(See transparency No. 2)
III. Structure and Composition
A. A cellular structure can be developed by several
methods.

a. air is whipped into suspension or sciution of
the plastic, which is then hardened by heat or
catalytic action or bcth.

b. a gas is dissolved in tha mix and expands when
pressure is reduced.

c. a liquid component of the mix is volatilized
by heat.

d. water produced in an exothermic chemical reaction
is volatilized within the mass by. the heat of
reaction.

e. carbon dioxide gas is produced within the mass
by chemical reaction.

ST ~h A O U W
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f. a gas, such as nitrogen, is liberated within
the mass by thermal decomposition of a chemical
b]oW1ng agent.

g. tiny beads of thermoset resin, hollow or
expandable by heat, are 1ncorporated in a
plastic mix.

To determine whether a foam will be f]ex1ble, semi-

rigid or rigid depends on the degree of crossiinking

that takes place. The cross-linking triggered by

the introduction of watar is controlled in most cases

by the molecular backbone which supplies the reactive

sites. Thus, a resin which is characterized by a

high degree of reaction sites will most likely

produce a rigid foam.

Size of Cell:

The approximate size of the cell structure may vary

from 0125 to 0.015 - in. diameter. This may vary

with method of production.

roaming Agents:

The cellular structurs of many cellular plastics

are developed by the release of gas within them.

The substances used as the source of gas are called

"blowing agents,” or "forming agents.” These are

of two general types, both functioning under the

influence of heat during the preparation of the
cellular plastic.

a. Liquids which ara volatilized without chemical
change.

b. Chemicals which decompese to yield gaseous
products.

Listed below are typical blowing agents:

a. Blowing action resulting from volatilization

of water.

isopropyl cther acetone
ethyl alcohol fluorinated hydrocarbons

b. Blowing action resulting from decomposition.
inorganic compounds ammonium carbonate
ammonium nitrate sodium bicarbonate
sodium nitrate nitroso compounds
hydrazides (azide, (N,4' - dinitroso-
teraphthalamide, pents - iMethylene
borohydrides) tetramine)

The temperature of decomposition or activation of
each blewing agent in uncompounded condition, in air,
is so much influenced by chemical effects of the
various resins, plasticizers, stabilizers, etc.,

e LA Tads € afad AL s 2.0




that such data would be of very limited value in
leading to even a preliminary choice of selected
temparatures for specific blowing agents. For

this reason, the advice of suppliers must be closely
adnered to.

The following properties and behavior should be
considered in choosing a chemical blowing agent:
a. it should release gas over a definite and short
range of temperature.
b. the rate of release should be rapid, but con-
trellable.
c. the gas, preferably, should not be corrosive
or explosive; nitrogen is the preferred gas,
Hut CO8 is acceptable in some cases.
W

d. the b18wing agent should disperse readily in
the mix, and preferably should dissolve.
. it should be stable in storage.
f. dits residues should be colerless and nonstaining.
g. the blowing agent, and also its residues,

should be nontoxic.

h. the decomposition of the blowing agent should
not develop a large amount of exothermic heat.

i. the blowing agent, and its residues, should
not affect the rate of cure of the plastic.

j. the blowing agent should function equally well
in closed and open molds.

k. the blowing agent should be inexpensive,

The above mentioned list of blowing agents may tend
to be rather confusing. At least it is on the part
of the author, so a simplified chart below will
attempt to clarify the type of blowing agent, and the
resultant foam structura.

Foam Name Blowing Agent Structure

1. Cellulose Acatate Super heated solvent, inert rigid structure
material (solvent) provides
nuclei for volatilization

2. Epoxy Polystyrana beads - exo- rigid structure
thermic reaction and endo-
thermic reaction




e

3. Phenolic Reaction batween phenol rigid structure

and formaldehyde, exothermic

reaction causes iiberation

of gas
4. Polyethylene neat liberatas inert gas-- flexible struc- ?
5. Polystyrene free-flowing beads heated,  ture; rigid i

beads expand and "puff,” some structure ’
nre-heated or pre-expanded--
this is used where density
is not critical.

Silicone biowing agent decomposes rigid & flexible
into nitrogen gas--another structure
2 silicone components plus
catalyst=hydrogen gas--
exothermic heat

AR T RS E RN TR e W e

7. Urea-formaldehyde mechanical mixing of air

plus heat to cure resin rigid structure
! 3. Urethane two types--mixing polyals flexible & rigid
: with a diisocyanate and structure

RFERE Tk Fand

water. Reaction between
isccyanate group and water--
involves volatilization of
blowing agent causing exo-
thermic heat

A TSRO R VR TR T T

8. Cellular Vinyls mechanical blowing (a plas- flexible & rigid

tisol plus carbon dioxide structure
E gas) plus heat. Plastisol
] plus blowing agent which

decomposes.

(See transparency No. 2)

IV. Properties
The outstanding properties of cellular plastics are
very wide and varied. To say that all have the same
definite properties would be most incorrect; however,
one might make some generai statements about their
properties. The student will need to review the indivi-
dual property charts of ecach cellular plastic for
additional and specific information. Several trans-
parencies No. 5,5,7,8, are provided for review.
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Propertias - General:

d.

Cellulose acetate

smocth dense skin, doss not tend to become
brittle or frangible, tolerate temperature up

to 350° F., good mechanical properties between
-70° F. and 77° F.

Epoxy

can be "pack in place” or "foam in place," high
compression strength 600 psi, flame retardent
formulation are available, long shelf iife,
resistant to alkalies, most acid, and solvents,
dielectric properties range from 2-7, heat
stability up to 600° F.

Phenolic :

very light weight, high degree of flame retar-
dance, outstanding tharmal insulation properties,
good acoustical properties, low flexual strengths
and thermal expansion, absorbs water rapidly,
good "foaming in place" characteristics.
Polyethylene

very low dielectric constant, good electrical
insultaion, Tow density, good moisture resistance.
Polystyvrene

very light in weight, used at relatively low
temperatures, good low-temperature insulation,
good buoyancy characteristics, low thermal
conductivity and water resistance, good pack- &
aging properties. |
Silicone

good vibration insulation, foamed in place,
thermal insulation, and cushioning around
alectrical components.

Urea-Tormaldehyde

good for floral displays and in thermal insulation,
poor water adsorption characteristics, won't
support combustion, in non-corrosive and non-
toxic, poor thermal linear stability, 130°

results in shrinkaga.

Urethane

good foaming in place characteristics, good
thermal insulation, good for high density
application, stable at high temperatures,
resistant to vibration and moisture, available

in fire-retarding formulations.




i. Vinyl
good buoyaricy properties, good high density
properties for electrical insulation, good
resilience and flexural characteristics,
nonflammability, low tendency to absorb plas-
ticizers from primary insulation, low in weight.
Industrial Production Processes
Two principal processes of foaming are molding expandable
polystyrene and casting polyurethane. Many variations
are used for other plastic foams, but these two account
for a large part of the foam produced and are ty¥dical
of the processes used.
A. Expandable beads
The styrene beads are pre-heated or expanded to the
desired density (usually from one to twenty pounds
per cubic foot). The pre-expanded beads are loaded
into a closed mold cavity by air pressure. The mold
is heated to about 275° F. to expand and fuse the
beads. Direct heat in the form of live steam is
also forced through small holes in the mold. After
expansion, the mold and part are coocled to prevent
further expansion and resultant distortion. This
cooling is done by circulating cold water around the
molds. The mold is opened and the molded parts are
ejected by forcing air or water through the steam
holes in the mold.

Equipment for experimental or short-run production
may be simply a steam probe which is inserted in
the mold, a steam autoclave (pressure cooker) into
which the entire moid is placed, or a jacketed mold
around which steam is circulated.

B. Casting urethane foam
This process consists of mixing the resin and the
foaming agent in proper proportions, changing them
into a closed mold, allowing them to foam and fi11l
the recesses of the mold, sometimes aiding the
curing acticn with heat, and opening the mold and
ejecting the finished part.

In some applications, the plastic is foamed in place.
One such application is for flotation compartments

in boats. The plastic is placed into a compartment
in the boat and allowed to foam and fill the woid.

It adheres to the walls of the cavity providing sup-
port as well as buoyancy. (See transparency flo. 4§
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Sinclair-Copnors Co., Koopers Bldg., Pittsburg, Pern. 15219,
Christuas Carrolis
Association Films, Inc., 347 iladison Ava., dew York, ‘lew
York 103i7.
Dairco One-shot Urethanc Catalyst
Houdry Process & Chemical £o., Urethane Chemicals Dept.
1528 Halnut St., Foiladelphia, Pﬂnnsylvan1a.
Fabrication Jachinery for Flexible and Rigid Foams
Falls Engineering & ilachine Co., Sales Dept., 1734 Front
St., Cuyaheoga Falls, Ohio.
racts aboui Foam
The Dow Chemical Co., Midland, Hichigan.
Feaman c for rHomamakers
i LaJ Chemical Co., Advartising Dept., Penn Lincoln
rkway Yest, Pitisburgh, Penn. 1520%,
Focus on Foai
Thue Do Chemical Co., Visual Aids Dept., “iidland, ilichigan
48640.
Form and Formula
The Sociﬂty of the Flastics Incustry, Inc., 250 Park
fvenue, Hew York, . Y. 10017,
Furs %o Feathers to Foam
viobay Chemical Co., Penn Lincoln Parkway Vest, Pittsburgh,
Penn, 15205,
Hagic violecule
The Society of the Piastics Industry, Inc., 25CG Pari Ava,,
rew Yori, . Y. 10G17.
hanufacbucﬂ of Piastics
The Scciety of the Plastics Industry, Inc., 250 Park ive.,
How York, w. Y. 10017.
f oew “or]d of L”’m1<tny
Reichhold Chemicals, th., Advertising Dept., 525 Horth
Broadeiay, hite Plains, dew York 10602.
Fhv ical Chawistry of Polymers ,
Ball Telephone Laboratories, Inc., Hurrvay Hill, ilew dersey.
Plastics, industrial Processcs and Products
Steut otaut Coliege, Audic-Visual Center, iienomonie, His.
Talkine Plastics
The Soczuty of the Plastics Industry, Inc., 250 Park Ave.,
paty York, M.Y. 10017,
ihat Can the Maticr Be?
fmerican Cyanamid Co., Public Relations Div., layne,
ew Jarsay,
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CEFINITION
1

o
e

TEZHS:
Autoclave HMolding - Hodivication of tha prossurs bag
gethod for molding reinforced plastics. Aiter lay=up,
entire essemply is placed in steam autociave at 50-16C psi.
collulose Acetate - ~n acetic acid ester of cellulose.

1t is obtained by the action, under rigidly cortrelled
conditions, of acetic acid and acetic aniydrice on
purifiad cellulose usually obtained from cotion linters.
Exctherni - (1) The temperature/time curve of a chenical
reaction giving off heat, particularly the nolymerization
of casing resins. (2) The amount of ficat given off.
The term has not beon standardized with vaspect tc

sample size, amdient tomperature, decree of mixing, ctc.
Foamed Plastics - Resins in sponge form. The sponge may
b flexible or rigid, the cells closed or interconnected,
the density anything from tuat of ihe solid parcnt aown

tg, in some cases, 2 li/pur cu. foot. Compressive strength
of ricid foams is stable cnough to make it uscful as

core materials for sandwich structurcs.

Foaming fgents - Chemicals added to plastics and rubbers
that generate inerti gases Ih heating, causing the resin

to assume a ceriuiar structurc,

Foam-in-place - Peters to tic deposition of feams wihich
recuives thet the foaming machine ke brought to the work
whichk is ™in place" as ~pposad to bringing the work to

the foaming machine.

Isocyanate fesins - Most applications for tiris resin are

ased on its combination with polyols, polyesters, poly-
ethers, etc. During tais reaction, the reactants are
joined through the formation of the urethane linkare -
and hence this field of technology is general 1y iown
as urcthane chemistry.
One Shot Heolding - In the urethane foam field, indicates

a system whersby the isocyanate, polyoi, catalyst, and other
zdditives are mixed together directly anc a foam 1S pro-
duccd immediateiy.

nadio Freque~cy Preneating - A method of preheating
used for mo). ng materials to facilitate the molding
operation or reduce the molding cycle,

Rigin Resins - One having & modulus high enough to k¢
of practical importance, 13,90C psi or arcater.
Steam Molding - Used to mold parts from pre-expanded
beads of polystyrene using stean ad a Source of heat
to expand the blowing agent in the material.

.
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2. Th;rma] conductivity - Sbility of a material to conduct

.ut, prvsical constant ’cr nLan+1L/ or .1eat that rasses
,nrougn unit cube of a sulstance in urit of time when
ditfarence in tomperature of j "o faces is 1°,
12, Urca :onrﬂldeh/dn - ivsyntaetic resin from the reaction

of area with formaidenyde or 1tu nclvmers.

R{ Fl.t'(t.l C :):

1. iiodern Plastics Encyclonedia, iadern Plastics, Vol.
&3, Ho. 14, 1265,
2

. Phillips Petreleun Co., Glessary of Plastics Terws

12D g
3rd Edition.
3. "Plastics Referenca issue," iachine i ’sian, Yol. 38,
14, Jiew York: The Punton Puhlishin a 0o., 1968,

TeACHER:

1. fmerican Society for Testing mut“r1”13, AST!Y Standards
on Plastics, F51]adLIDW1Q. siericen Society for Testing
materials,

2. Pandelzh, Alan F., Plastics Enginearing ondhook,
ilew York: o1nno]4 FubTlishing Ccro., quO

3. ”uatcr1als,’ Scientific fmerican, San Francisco,
tt, Froeman and Cvnoany 1967.

4. Parkyn, Brian and {1i{ton, B.V., Pciyesters,
vew York: fmcrican flsevier Publishing Cu., an., 1667,
5. Teach, "iliian €. and <1“*sl1r0 Georg C., Polystyrene,

flew York: Reinheld Publishing Corp., .JLG.

6. Dombrav, Jernard A, Pelyurethanes, .ow York: Dein-
hold Putiishing Corp., 1265,




The plastics
industry in 1967

Synthetic resins and cellulosics
production and sales, 1967

Production Sales 1
million Ib. million Ib. |

Market
Alkyd 588 300
Cellulosics 180 167
Coumarone-indene and petroleum
resins : 276 275
Epoxy 139 137
Phenolic 1,000 789
Polyester 480 443
Polyethylene, high density 1,100 1,032
Polyethylene, iow density 2,800 2,600
Polypropylene 645 641

_ Polystyrene and styrene copolymers 2,480 2.400
Polyvinyl chloride and copolymers 2,200 2.167
All other vinyls 516 480
Urea and melamine 642 559
Miscellaneous* 1,120 1,110
Total 14,166 13,100
a—Includes acetal, acrylic, fluoroplastics, nylon, pheooM polv- .
carbonate, silicones, urethane foam, and others. . ,
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URETHANE FOAM

Pattern of consumption

S ——————— - ——

- 1966 1967
Markst million Ib.  million Ib.

Flexibie foam | |
Bedding 45 50
Furniture 110 135
Packaging 7 8
Rug and underlay 9 10
Textile laminates | 40 45
Transportation “ 86 110

| Miscellaneous - 39 32
' Total " 330 390

| Rigid foam ;
Appliances _ 30 33 |
Building | 24 30 f
Industrial tanks -4 5 {
Marine flotation 7 13
Mine tunnel seals 2 2
Packaging 4 5
Transportation ! 3—3 i 35
Miscellaneous B - —2 é “

Total 106 130
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Toble 1-—Typical Properties of
Flexible Urethane Foam
(ASTM D1564)

——— Foam Type ——
Polyether Polyester

Density

(Ib per cu ft) 1.1-2.3 1.6-2.0
Tenslle Strength

(psi) 9-22 25-33
Ultimate Eloa- .

gation (percent) 222-310
Tear Strength

(1b per linear in.) 2-4

Indentation Leoad
Deflection 4-in. thick
sampie, Method A
(1b per 50 8q in.)

at 25% compr. 9-48

at 50% _ 12-60

at 6% 16-85

at 719% 25-150

Cempression
Deflectioa (psi)

at 25% compr. 0.15-0.6 0
at 30% 0.2-0.7 0
at 715% 0.4-1.6 1

Cempression Set,
}58 F, Methos B
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Table 2—Typical Properties of
Rigid Polyether and Polyester
- Urethane Foams

Density (Ib/cu ft)

ASTM D1622 - 1.5t0 2.0
Tensile Strength (psi) |
ASTM D1623 30--to 40

Compression Strength
at Yield (psi) ASTM D 1621

parallel to foam rise 20 to 45
perpendicular to foam rise 10 to 25
Compression at Yield (percent) 5 to 10
Closed Cells (percent)
ASTM D1940 | 92 to 98
Moisture Vapor Permeability
ASTM C 355
wet cup (perm/in.) 2to 8

Dimensional Stability
(percent volume change)

at 70 C, 100% RH, 2 wk Tto 15
at 100 C, 2 wk 5 to 10

at -—400 2 wk 0to2
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SAH JOSE STATE COLicSE
INDUSTRIAL STUDIES DEPARTHMENT
1968 MDER INSTITUTE IN INDUSTRIAL HATERIALS

PRESENTED BY: L. Russell Pickett
Hamlin Junior High School
Springfield, Qregon

IHSTRUCTIONAL LEVEL: Jr. itigh, Sr. !igh, Jr. College
TITLE: Polymers - Cellulosics

PRESENTATION TIME: Lecture-dDemonstration 3 - 8 hours, “tudent
Exneriments & Project work 6 - 14 hours.

INTRODUCTION :

Cellulosics are thermoplasticspolymers prepared by various
treatments of purified cotton linters or special grades of
wood celluiose. Cellulosics are among the toughest of plastics.
Rough use will not break cellulose parts, hut abrasives will scar
their surface. There are more than one type of celiulose polymer,
but this unit will study only cellulose acetate. *‘any consumer
items that we purchase are easier to handle, more attractive,
cleaner and healthier when this material is used for packaging.
It is also used for optical frames and pen barrels.

JBJECTIVES:

1. To acquaint the students with this plastic material as one
in the large family of thermoplastics.

2. The students should be able te use this material correctly
for their best specific physical n._jerties in oreduction
of products.

3. The students should become familiar with this material as
it is seen and effectively used in our society today.

INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: [olymers (plastics)

INTER-RELATION WITH OTHER SUBJECTS:
1. “lood - Metal - “eneral Shop
2. Lecture in Science Department, iab. in IA lab.
>, Use of science lab for chemical theory demonstrations

USE IN INDUSTRY:

The four prominent industrial cellulosics are: cellulose
acetate, celluslose acetate butyrate, cellulose propionate, «id
ethyl cellulose. "os of this cellolosic material are formed
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and fabricated industrially in the following manner: injection.
rolding, olow molding, extruding, film casting and thermoforming
by the vacuum forming process. The cellulosic material we are
interested in is cellulose acqtates, which are often used when
toughness, nermanence, flame resistance and transparency are
required at a moderate cost, :Zxtruded cellulcse acetate film and
sheet are used for packaging and thermoforming. [xtruded rod
stock is used for tool handles and machime parts. Extruded pro-
files are used for trim and wear strips on furniture., Other large
viaume products mde by injection molding include pen barrels and
caps, tool handles, brush backs, jewelry, hair ornaments, toys
and dolls. Flame-resistant a d self-extinguishing forms are used
in small appliance housings and various electrical abplications.
Cellulose acetate is available in pellets in injection molding,
cxtrusion and blow molding. ‘any types and sizes of sheet and
film are available, as well as rod, »ipc and tubina. The three
basic types of cellulose acetate are: {1) Medium properties
adequate for average use - good fabrication quaiities; (2) Hard
Superior heat resistance; and (3) soft, good toughness.

AATERIALS AND EQUIPMENT:

vacuum forming machine .

injection molding machine?

extruding machine ;- if available

blow molding machine

solvents: incl, acetone, sethyl-ethyl ketone, z1lcohol, henzene,
bensyl alcohol, and cyclchexene.

adnesives: incl. ethylene dichloride, polyvinyl chioride,
cellulose nitrate, 0% ethyl alcohol % 83% toluene and 5%
ethyl cellulese, 17.5% ethyl alcohol, nd 77.5% toluene.

neat gun

thermostat controlled oven

wnitney junior punch

clothes iron, with temperature control

electric soldering gun or wood burning pen

variable transformer

commercial heat sealer if available

silicon spray (meld release)

six spring clamps (sm. or med. size)

as many samples of plastics and commercial materials as nossible

4 or 5 packaging samples

bunsen burner

6 doz. »int & half-nint glass jars (wide mouth)

acid swaps

eye droppers (one dozen)

aerosol spray paint cans - assorted colors
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cDUCATIONAL MEDIA:
1. Films:
PLASTICS: TNDUSTRIAL PROCESSES AND PRODUCTS
ORIGIN AND SYHNTHISES OF PLASTIC MATERIALS ‘
BUTYRATE PEELABLE PLASTIC PACKAGING 3
HALF SCCOND BUTYRATE - A PROTECTIVE COATING FOR EXTERIOR 3
ALUMIKUM SURFACES ;
MODERN METHODS OF MAKING & APPLYING PLASTIC FILM
SHAPE OF PLASTICS ‘
2. Transparencies: :
#1 - #15 - attached at end of unit Y
3. Single concept film list - super 8 mm silent |
1. Operation of Vacuum Forming achine ]
2. ‘“peration of Extrusion ilolding Machine
3. 2peraticn of Injection Molding Hachine
4. Audio-Visual Materials
Overhead projector
omm Single concept projec top
Safety charts on cutting and punching with hand
toels
Zhart on the commercial producticn of Cellulose
Acetate
“iolecular Models
Chart on the replacement of punches and dies in
the Whitney Junior Punch
Chart on the Operation of the Vacuiin Former
Chart on the Operation of the Extrucion Holding
Machine
9, <Chart on Parts of this machine and operational
procedures.
10. Heat-"ealing Temperaturc Ranges for Plastic
Films Chart.

- L O =
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UTILIZATION IN THE TEACHING-LEAPNING ERVIRONMENT:

SAFETY:
1. This sheets of this material burn quite easily
2. “any of the solvents used will act as acids on
clothes and skin.

PRESENTATION:  (instructor)

A. Introduction to polymers (plastics) - Transparencies
1, 2, 3; samples of various kinds of plastics used
in the home, Film ).
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Atoms & Molecular Structure of Polymers - Trans.

4, 3, C, "'olecular {odels, Film 2.

Polymerization - Trans 7.

‘latural Polymers - Trans. &, 5, “olecular Hodels.

Thermoplastic family - Trans. 10, Film 3.

Cellulosic Structure - Trans. 11, “olecular fodels.

Producing Cellulose Acetate - Chart, Trans. i2, Film 4.

Properties of Cellulose Acetate - “emonstration on

tearing film, Trans. 13, 14, Films 5 & 6.

eat Sealing - emonstration

Thermoforming - Demo., Trans. 15.

Adhesion - Demo. cn the various warp and adhesives

used, Trams. 13.

Solvents - Demo., Trans 13

Cutting, shaping, iexturing - “emo: cutting, bending

without heat and textvring with 2 vacuum rormer on

film material, punching holes in film with Yhitney

Jr. Punch, Charts on Safe Operation of cutting tools,

Single Concept film cn Operation of the Vacuum

forming, Chart on replacing of various sizes of dies

and punches.

Fabrication:

1. Vacuum Forming - Demo. on macihine, “hart on
operaticn, Single concept film.

2. Extrusion Molding Machine - Demo. ~n machine,

Cutting operation single concept film on the

operation of the machine.

Tnjection Molding Machine - Zemo. on a machine,

Chart on Parts of this machine and Operational

Procedures, “ingle Concept film on the operation.

Ca
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EVALUATIOH AND OBSERVATION:

<TUDENT PERFORMANCE . (questions to be answered)
1.
2.

3.
4.
5.
b.
7.
8.

Name some heat sealable plastics

‘lame three methods of heating sheets and films for
heat sealing :

What is the burning rate of cellulose acetate?
‘hat is the impact strength of cellulose acetate?
hat solvent effects this material the fastest?
What tvpe of classification of plastic may be heat
sealed?

Is nitro cellulose a heat sealable plastic?

Which adhesive works the best on this material?
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hy does this plastic material seek its original
shape when reheated after forming?
siow do plastic materials differ in molecular structure?

DEFINITION OF TERMS:

1.

Amorphous phase - devoid of crystallinity - no definite
order. At processing temperature,the plastic js
normally in the amorphous state.

surning rate - the tendency of plastic articles to burn
at given temperatures. <Zertain plastics, such as those
based on shellac, .urn readily at comparatively low
temperatures. tnhers will melt or disintegrate with-
out actually burning, =r will burn only if exposed to
direct flame. These laTter are often referred to as
self-extinguishina.

Celluloid - thermoplastic material made by the intimate
blending of cellulose nitrate with camphor. Alcohol

is normally employed as & volatile solvent to assist
plasticizing, and is subsequently removed.

Cellulose Acetate - acetic acid ester of cellulose.
Obtained by the action under rigidly controlled conditions,
of acetic acid and acetic anhydride on purified
cellulose usually obtained from cotton linters. /11
three available hydroxyl groups in each glucose unit of
the cellulose can be acetyiated but in the material
normally used for plastics it is usual to acetylate fully
and then to Tower the acetyl vaiue (expressed as

acetic acid) to 52-56% by partial hydrolysis. ‘''hen
compounded with suitable plasticizers it gives a

tough thermoplastic material,

Degree of polymerization - the number of structural
units or mers in the "average" polymer molecule in a
particular sample. In most plastics the DP must reach
several thousand if worthwhile physical properties are
to be had.

Extrusion - compacting of & plastic material and the
forcing of it through an orifice in more or less
continuous fashion.

Pulp - form of cellulose obtained from wood or other
vegetable matter by prolonged cooking with chemicals
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The plastics

industry in 1967

Synthetic resins and cellulosics

production and sales, 1967

Production Sales
Market million Ib. million Ib.
Alkyd 588 300
Cellulosics 180 167
Coumarone-indene and petroleum
resins 276 275
Epoxy 139 137
Phenolic 1,000 789
Polyester 480 443
Polyethylene, high density l,lOO 1,032
Polyethylene, low density 2,800 ) 2,600
Polypropylene . 645 641 |
Polystyrene and styrene copolymers | 2,480 2,400 §
Polyvinyl chloride and copolymers 2,200 2,167 \
All other vinyls 516 480
Urea and melamine 642 559
Miscellaneous* 1,120 1,110

Total 14,166 13,100

a-Includes acetal, acrylic, fluoroplastics, nylon, phenoxies, poly-
carbonate, silicones, urethane foam, and others.
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COVALENT BONDS

COMPOUNDS
Methane (Marsh Gas)

_'H

4+ C 0 0
+
@) O
0 © H O C @) H
1 .00
» C —, H
H H Bonds of
Coxalenv Electrons
Water
N 09 00O
' H.O 2H + 0 O
- 2 A
* y o
(J ) O/ H
O /
BRo(H)
N Bonds of Covalent Electrons
Methyl Aicohol
0 O O O O H
| C-H4O 4H + C_+ O 20
1 ONO)
H
| C""—O\
; H ~ \ W
(. , H
' Monomer Bonds of Covelant Electrons

t




Formulas, Atoms & Structures

FORMULAS

1. Molecular — Indicate kind and number of atoms in molecule.

5. 8Structural ~ Also indicate chemical bonds between atoma.

Water
H O Two atoms of hydrogen H—~0—H
2 |
One atom of oxygen
Methane(Marsh Gas) H
CH Four atoms of hydrogen H-'C-H
4 One atom of carbon '
H
Methyl Alcohol Y
C H O Four atoms of hydrogen {
4 One atom of carboi H -'C - 0—H
One atom of oxygen H
Ethylene H W
Four atoms of hydrogen / |
C 2 H 4 cC=C
Two atomes of carbon | |
H H
Ethane W
C. H gix atoms of hydrogen [
2 6 Two atoms of carbon H= ? - C' —H
H H

Ethyl Alcohol

C H O gix atoms of hydrcgen f :I
2 6 Two atoms of carbon H_c_c_o_.”
One atom of oXxXygen ,., I"/




OH H

CELLULOSE MOLECULE

CARBON CXYGEN HYDROGEN
COMPOUND
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THE CHEMICAL STRUCTURE OF CELLULOSE ACETATES

IN LINE CHART FORH

EﬁfLLULOSE L1NE COAL METHANE;

400D, COTTON mARB%P)
| CALCIUM
CARBIDE
. Ca C
CHEMICAL MODIFICATION a-z
0F CELLULOSE I
ACETHYLENE
He = CH

() _l
f ACETIC ACID
CH{;COOH

]

«?
{

]

CELLULOSE
TRIACETATE
SECONDARY
CELLULOSE
ACETATE

i( . —L
10 [CELLULOSE
ACETATES




ACRYLICS Pattern of consumption

1966 1967
Market million Ib. million Ib.
Cast sheet 135 141
Coatings 49 51
" Molding and extrusion powder 60 64
Miscellaneous 31 32
ol . 275 288

e NTTOURENY. DEn ,‘-<~ r TN
P
-

1. CELLULOSICS Pattern of consumption

1966 1967

Market ] million Ib. million Ib.

~ Continuous sheet: S

under 3 mils - 224 18
3 mils and over 49.6 46
All other sheet, rod, tube 8.0 6
Molding, extrusion materials 102.9 97
Total 182.9 167
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Table 2—Mechanical Properties
of Cellulose Acetate

R ——

ASTM
Test

S

Value

Tenslile Strength (psi) D638

Compressive Strength
(psi) D695

Flexural Strength (psi) D790

Impact Strength, Izod
(ft-lb per in. notch) D256

Flexural Modulus
(103 psi) . D790

Elongation (percent) D638

e

1900 to 8500

2200 to 36,000
2000 to 16,000

0.4 to 5.8

0.86 to 4
6 to 70

R




BASIC TECHNIQUES FOR THERMOFORMING SHEKET

1. STRAIGHT VACUUM FORMING 2.. DRAPE YACUUM FORMING 3. FORCE ABOVE SNERT
' £
-
B

]

4. VACUUM SNAP-BACK FORMING 5. PLUG and RING FORMING 6. FORMING INTO FEMALE WITH
"HELPEK AND AIR PRESSURE

1
i

X 3

E
|
B 8
Cl RAM ]
N
RING ALETTSSISISSSSY S5

\ >
Ay sy esony

T. PRESSURE FORMING IN THESE SIMPLIFIZD schematics of seven basic methods, letterc
indicate the following: A = Heater; B = Clamp; C = Plastic Sheet;
D = Mold; E = Vacuum Line; and F = Air-Pressure Line. The
methods (fully described in the text) are as follows: 1) Straight varuum
forming. Clamped in a statior ‘rame, the heated sheet is vacuum

(. drawn inte the mold. 2) Drape .um forming. Moveable frame or

: A clomp dropes the sheet, softened by heat, over male mold before
s . vacuum is pulled. 3) Force above sheet. Mold. descends onto heated
‘ D sheet, partially forming it; then the vacuum is pulled. 4) Yacuum
snap-back forming. Vacuum is pulled, drawing pre-heated sheet into

s cavity G. Male plug moves down until it reaches o predetermined
position, Vacuum is then applied through male plug. S) Plug and ring
forming. Heoted sheet is placed cver a ring ond clamped down. Mold

k mounted on ram is forced into it. 6) Forming into female with helper

‘ and air pressure. As press closes, cored plug pushes heated sheet into

o cavity. Air ptessure, introduced through plug, pushes sheet into female

mold. Holes in mold ‘=% air escope. 7) Pressure forming. After heat-
ing, framed sheet is formed between matched male and female dies.

courtesy .of Medern Plastics Encyciepedia




Shi JOSE STATE COLLEGE
IHDUSTRIAL STUDIES DEPARTHEAT
1968 HDEA ILiSTITUTE IN IMDUSTRIAL MATERIALS

PRESENTED BY: Joseph 3raco
State University College
Oswego, dew York

INSTRUCTIONAL LEVEL: College
TITLE: Identification, Classifications and Definition of Polymers
PRESENTATION TI¥E: 1 1/2 hours

[HTRODUCTION:

Today nolymers are accepted as hasic materials used by
designers and engineers. They play an important and vital role
in our society. Hith so many polymers available today, an under-
standing and identification of these various materials are a
must for the competent consumer.

The choice of a particular polvmer now includes thousands
of availabla tynes and formulations. It is casier to cope with
this diversity if polymers are not considered a singla family of
materials--like the steels-- but rather as a category of materials-~-
like the metals--embracing some 30 distinct families.

As in metals, new forms of polymers are created by alloying
or by varying processing techniques. The alloying elements may
be other polymers or non-nlastic polymers. Or they may be other
organic chemicals--dyes, iphibitors and plasticizers. Polymer
resins may be converted into solid ferms, foams, films or coatings.

Hew polymer materials may also be created by the addition of
fillers or reinforcing materials to the base resin. Uniquely, the
ranks of polymers have grown by synthesis of new molecules or
atomic rearrangement of existing molecules. (trans. A-1)

Q3JECTIVES:
Identification of various polymers
General understanding of pclymers
To Tearn how the main polymers are classified

LHTER-RELATION ‘IITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Polymers
INTER-RELATION “ITH OTHER SUBJECTS:

1. Uetals
2. Chemistry
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. Textiles

‘lood

. Curamics .
Electricity, Slectronics

yse I TDUSTRY:

Exneriences, such as ‘'orld Mar iI, have taught us the value
of concerted effort--the concentration of teaws of scientists,
engineers, etc. to tackle our comnlex problems. Identification ‘
and classification of our highly devaloved materials, such as ‘
solymers, piay a vital role in the systems of industry. ‘lithout
such data, we would still have the big gap from discovery to final ’
product as used to be the case years ago.

MATERIALS AnD EDUCATIONAL MEDIA:
Transparencies noted as noted (trans. B-2)
Samplas of the various polymers
Films - Kingdom of Plastics, Genaral Electric Company
Origin and Synthesis of Plastic flaterials, Visual
Education Jftice, U.S. Office of Education
Physical Chemistry of Polymers
Student Activity: 1. Build molecular structures
2. Identify various polymers visually
3. Make mechanical and chemical identi-
fication tests

OV W
[ ] [ ]

PRESENTATION:

Definition 1. Polymers is the name of a large and varied
group of materials which consist of or contain as an
assential ingredient a substance of high molecular
weight which, while solid in the finished state, at
some stage of its manufacture is soft enough toc be formed
into various shapes--usually throuch the application of
heat and pressure.

2. Polymers are a class of synthetic organic materials
(resins) which are solid in the finishad forn, but at
some stage in their processing, are fluid encugh to be
shaped by heat and pressure.

3. Polymers in finished form consist of long chain molecules
called "nolymers." Smaller building block molecules
often may be combined into nolymers by catalysis, heat
and pressure. Cross-linking of two or mure polymers, a
process analogous to alloying in metals, is known as
copolymerization. (trans. A-3)

4. Polymers come in many forms,such as liquids, films,
powders, pellets, bars and sheeting. (show examples

of the above materials)
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CLASSIFICATIOH:
Polymers can be divided into two major groups or families--
thermoplastics and thermosets.

Thermoplastics are those groups of polymers that become
soft vhen exposed to heat and hardened whep heat is removed.
They may we softenad and resoftened repeatediy without under-
going a change in cnemical vemposition.

Thermoset polymers are those groups of polymers that set
into permanent shape when heat and pressure are applied during
forming. These resins undergo a chemical change with the
application of heat and prassure and cannot be resoftened.
(Show samples of the two above)

The Society of the Plastics Industry {(S.P.I.) has
classified nearly all of the industrial polymers into a letter
and number system somewhat similar to the SAE system that the
steel industry uses. It is intended to promote and encourage
the intelligent use of polymers. The classification charac-
terizes the various molding materials, primarily in terms of
three physical properties usually believed to be of controlling
significance, such as heat distortion temperature, impact
strength and tensile strength.

An example of this is CP10502 (trans. A-4)

CP - means cellulose propionate

10 - the first 2 digits nean its heat-distortion temperature
at 264 psi stress which in this case is 100° F.; the last
digit is dropped.

50 - the third and fourth digits represent its impact strength.

2 - the fifth digit, 2, represents its tensile strength in
thousands of psi (2000)

IDENTIFICATION:
Some of the common polymers are as follows: (trans. A-5)

ABS Polyester
Acrylics Polyathylene
Cellulosics Acatate Polypronylene
Acetate, Butyrate, Nitrate Polystyrene
Epoxy Polyurethane
Fluorocarbons Silicone
Melamine Urea

Phenolics Vinyl
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DEFINITION OF TERMS:

Acrylic Piastics - polymers based on resins made by
polymerization of acrylic monomers :

Atkyd Plastics - polymers based on resins of saturate
nolymeric esters.

Catalyst - a substance which when added in minor propor-
tions accelerates a chamical reaction.

Cohesion - The forces holding a singla substance together.

Cross=-linking - The development of chemical 1inkages between
long chain molecules.

Uegradation - a deleterious chanae in the chamical structure
of a plastic.

Liastomer - a material which at ronom temperature can e
stretched repeatedly to at least twice its length and
return to original length upon release of stress.

Epoxy Plastics - polymers based on resins made by the
reaction of epoxides with other materials such as
alcohols, phenols and acids.

Ethylene Plastics - polymers based on resins made by the
polymerization of ethylene or copolymerization of
eiiiylene with other unsaturated compounds.

Inhibitur - a substance which prevents or retards a chemical
reaction.

Monomer - a relatively simple chemical which can act to
form a polymer.

Phenolic Plastics - polvmers based on resins made by the
coudensation of phenois.

Plasticize - to soften by addition of plasticizer.

Polyester Plastics - polymers based on resins of polymeric
asters.,

Polymer - a compound formed by the reaction of simple
molecules.

Polymerization - a chemical reaction in which the molecules
of a monomer are linked together.

Resin ~ an organic material which has an indefinite and
often high molecular weight.

Thermoelasticity - rubber-like elasticity exhibited by a
rigid plastic and resulting from an increase of
temperature.

Thermoforming - forming with the aid of heat.

Urea Plastics -~ polymers based on resins made by the con-
densation of urea and aldehydes.

Yiscosity - the property of resistance to flow exhibited
within the body of a material.

Yield Value - the force which must be applied to a plastic
to inttiate flow, also called yield stress.




REFERENCES:

1.

o OS> w N

An Experimental Resource Unit in Plastics, State

Education oepurtment of "ew York.
A Brief Descrintion of Plastics, G. K. Scriber.

Engineering Properties and “npiication of Plastics,

Kinney, :liley and Sons.
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POLYMERS

THE THERMOSET FAMILY
) SISHES ~ COUKTERTOP MATERIALS
) ADHESIVES  SWITCHES  SIZINGS
| KRITTING NEEDLES  FUTTONS
CAS "IN
SRESS BUCKLIS  HOYTLTIES
| IDHESIVES  SURFALE COATINGS
EPOLY ,
ELECTRICAL COMPONEHTS
L APPLIANCE HAMDLES  T-V CABINETS
PHEHOLIC
JISTRIBUTOR CAPS  ADHESIVES
_ BOAT & AUTO STRUCTURES  COATINGS
POLYESTER |
SPORTS EQUIPT. BUILDIHG MATERIALS|
MOLD RELEASES  TAPE ADHESIVES
SILICONE | _
ELECTRICAL COMPONENTS
FOAMS  INSULATION  COATINGS
URE THANE

g PADS  ALRORAFT PAPTS




POLYMERS
THE THERMOPLASTIC FAMILY

SIGNS AUTO TAIL LIGHTS
CONTACT LENSES  CONTROL PANELS

ACRYLIC

PACKAGING TOOTH BRUSHES

CELLULOSIC |
STEERING WHEELS EYEGLASS FRAMES |

POLYAMIDE | GEARS  FABRICS  SHOWER HEAD
- (NYLON) | vALVES  PIPING

SQUEEZE BOTTLES  PACKAGING
POLYOLEF IN
sorremeve | [NSULATING COVERS  CONTAINERS

POLYPROPYLENE

FOOD COMTAINERS  BATTERY CASES
CABINETS  INSULATION PIPING

FLOOR COVERING RAIN WEAR
SCREENING CEILING FIXTURES

POLYSTYRENE

VINYL




POLYMER

LOCATION | €CHARACTERISTICS EXAMPLES USES
POLYETHYLENE Pails. pipes.
thin films
] € lexible and POLYPROPYLENE Steering wheels
Crybaa‘hzable chains POLYVINYL CHLORIDE Plastic pipes
and sidings
NYLON Stockings. shirts,
dresses. coats
PHENOL- Television casings.
FORMA! DEHYDE Telephone receivers
5 Cross-linked. amorphous CURED RUBBER Tires. transport
networks of flexible chains belts. hoses
STYRENATED Finish on automobiles
POLYESTER and appliances
POLYMIDES High-temperature
3 Rigid chains insulation
LADDER MCLECULES Heat shields
Crystalline domains TERYLENE (DACRON) | Fibers and films
A
0 @ viscous network CELLULOSE ACETATE | Fibers and films
NEOPRENE Oil resistant
B Moderate cross-linking rubber goods
with some crystallinity
POLYISOPRENE Particularly resilient
rubber goods
C Rigid chains. partly HEAT- RESISTANT Jet and rocket engines
cross-linked MATERIALS and plasma technology
Crystalline domains with MATERIALS OF HIGH Buildings and
D ngid chains between them and STRENGTH AND TEMP-| vehicles

cross hinking between chains

ERATURE RESISTANCE




AN JOSE STATE COLLEGE
INDUSTRIAL STUDIES BEPARTHENT
1968 NDEA INSTITUTE IN IMDUSTRIAL HATERIALS

PRESENTED BY: Wayne A. Douglas
Central High School
fkron, hio

INSTRUCTIONAL LEVEL: College cor high school
TITLE: rolymers - Polyester

PRESENTATION TI#E: Jr. tigh - 1 hr, Sr. digh - 4 hrs., Colleae
2 hrs.

INTRODUCTION:

The term'polyester”encompasses several nlastics. 710 be more
specific, polyesters may be classified as either saturated or
unsaturated. Both groups are however memebers of a family formed
through addition polymerization of dibasic acids with polyfunctional
alcohols. ost polyester resing are thought to be thermosetting,
but some haye the structure of a thermoplastic material. Hylar
fiim, and Dacrun are two exampies of saturated polyester resins.
Another polyester resin called alkyd is commonly used to refer to
those materials that have been modified with vecetable oils or
fatty acids. lhese materials are widely used in paints and otner
coatings. The most common polyestey resin is used in fibrous glass
reinforced plastics. This material is an unsaturyted thermosetting
polyester, 100% nolymerizable resin.

OBJECTIVES:

1. To review the various types of polyesters, nlacing major
emphasis on the unsaturated thermosetting polyester.

To acquaint the student with the various materials used in

reinformed plastics, particularly polyesters.

Ta veyview the outstanding properties and characteristics

of polyester reinforced resins.

4. ") acquaint the student with a few of the more common
v ;inforcing agents.

5, To provide the student with the opportunity to develop
nis own tests and investigaticn concerning the reiative
strengths of reinforced plastics.

6. To acguaint the student with technical data nertaining te
the unique properties of reinforced plastics.

7. To demonstrate the tensile and impact sirength of uni-
directional and random reinforced plastic test strips
through a series of comparative tests.
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8. To encourage the student to perhaps seek a hetter way
and to always ask why when experimenting with a particular
material.

INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Polymers (Plastics)

INTER-RELATION WITH OTHER SUBJECTS
Crganic Chemistry, Physics, Economics.

USE IM INDUSTRY:

Despite the present preponderance of unsaturated polvesters
going into reinforced application, thers are important indications
of significant growth in the area of non-reinforced uses. OCne
such example is the casting of imitation nearl buttons based
on polyester,

The construction industry utilizes the pure rasin in the
application of a gel coat to the mold surfaces pricr to applying
reinforcement and resin. Similar volyester formulations
either colored or pigmented, are finding increased usage as a
gtazed finish for concrete block and other masonry surfaces,

Special polyesters and techniques are being developed and
evaluated as both mortar and sealcoat type overlays for terrazo
flooring, table tops, concrete bridge decks and highway pavements,

The electrical industry is using a fair amount of polyesters
for casting and impregnation.

Une of the largest outlets for reinforced nolyesters is in the
transportation industry. The Corvette auto body continues to be
one of the largest single items. Pelyester FPR is receiving
increased usage in modern public rail and bus systems. nowever its
main use Ties in construction in the form of corrugated or flat
translucent panels for patio covers, skylights, and glazing.

UTILIZATION IN THE TEACHING-LEARNING EMVIRONMENT:

SAFETY:
Keep material or resin off of skin and away from eyes.
Work in well ventilated room
Keep away from open flame.

©
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INTRODUCTION:  POLYMERS - TOLYESTER
1. Classification of Family:
Thermoset: =& plastic material that underqgoes a chemical
polymerization reacticn, or cure, <hen heated or alcalyzed.
keheating does not reverse the process.
c. Structurec and Composition
A. Generally: Polyester is formed by polymerization of
diabasic acids with polyfunctional alcohols.
B. Saturated, !'nsaturated, - Alkyd Polyesters
1. Saturated: Racror, Mylar
This material is identified by, on the molecular level,
having each carbon atom within its chain surrounded by
a full compliment of nejghboring atoms. Since there is
no way for additional atoms to be added to the chain,
these molecules are considered to be saturated.
Molecules of this type possess strong intra-molecuiar
covalent bonds and weaker intermolecular van der Waals
bonda. They can be identified by tneir relatively low
melting points. The deoree of cross linking is also
very low,
2. Unsaturated: ‘esin in FPR
This type of mglecule is jdentified by double bonded
linear molecules that are not saturated with the maximum
number of hydrogens. In seeking to become stable,
considerable cross-linking and branching is likely to
occur. This material can be identified by its hioh
melting points.
3. Ailkyds: Ynamels, “arnistes
This material is identified as an unsaturated polyester
usually compounded with low volatility monomer and fillers
into a doughy or sometimes dry product which is used in
hot compression molding.
C. Degree of Functionality:
Basically the functionality of polymerization molecules
is exaressed as the number or reactio” points in a
molecule that can function in tying it to some other
molecule,
If the functionalities of either of two or more reacting
molecules is only 1, no polymer will be formed. Tf the
functionality of both constituents is 2, 2 thermoplastic
will result; if one reacting molecule has a functionality
of 3 or more and the other has a functionality o% 2 or more,
a cross-linked thermoset polymer can result.




. Inhibi .rs:
During the precatalyzed stage, the base resin monomer
combination is only a simple liquid mixture. ‘lowever,
some type of chemical inhibitor is necessary to prevent
premature polymerication in the cocking kettles. flso
some inhibitors are necessary to maintain stability of
the material in storage.
The actual mechanism of inhibition is not completely
clear. It js suspected that the inhibitors peact with
active polymer growth centers, preventing po{ymerization.
The inhibitors can be removed or at least their effect-
iveness can be terminated by heat, by promoters (catalysts)
or by other conditions which actually induce polymerization.
The inhibitovr in some cases is actually allowed to remain
in the monomer but should not be of the type to seriously
interfere with polyester polymerization.
[. tatalysts, Curing Agents, or Promoters
These are agents which generally trigger addition poly-
merization. Although polyesterification, the combining
of an acid and an &lcohol to produce the by product
H,0 takes place as a "condensation" polymerization
réaction, the ultimate thermoset cure of a polyester
essentially takes place due to "addition" rclymerization.
There are generally four ways to trigaer addition poly-
merization: thermal or photochemical means, which
require no chemical catalyst; free radical or ionic
means which involve catalysts.
Free radicals are essentially responsible for polyester
polymerization, and these are most generally supplied
from decomposition by heating of, or action of a
promoter or an organic peroxide.
The free radicals react with the chemical inhibitig.
dissipating it. They also Serve to open the seoluble
bonds in the polyester linear chain to set in motion
that portion of the polymerization process desianated as
initiation.
Reinforcing Materials
Reinforcements are those materials used to increase the
strength of plastics several-fold. Reinforcements differ from
fillers in that fillers are intended primarily to reduce
costs, although fillers often give a sligh improvement in
strength.
“any types and forms or reinforcements are used. Glass
fibers are of course predomindNt, although asbestes is
achieving substantial usage, especially in high temperature
applications.
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Many types and forms of reinforcement are used. Glass
fibers are of course predominant, although asbestos is
achieving substantial usage, cspeciaily in high temperature
applications.
Fibrous glass reinforcements are used as woven fabrics
of many types, nonwoven mattjngs, bulk-chopped and milled
fibers and unidirectional rovings, yarns, and beams.
ihe Fabrics range from 0.U02 - 0.200 in in thickness and can
be tight or open wover. ‘ost are "ialanced", that is
they have almost equal amounts of glass in each direction,
but some are "unidirectional" having most of the fipers
in one direction.
Parting Agents
It is of course important that from the beginning of the
lay-up of a molding that the surface be treated by application
of a substance which will prevent the plastic frem adhering
to the mold. ®ot only is the choice of parting agent
important, but also care must be taken in selecting the
method of application.
Considerations governing the decisicn are:
a. Type of mold materiai and its surface finish
b. Type of resin, ~igment, “iller, sclvent, and rein-
forcing agent
c. Surface hardness and finish required on the molded
article
d. Temperature and pressure during molding cycle
e. tase of application of narting agent and freauency
of recuired application
On porous molds, the parting agent should be a film or of
film forming type. On nonporous molds, the parting agent
may be a Tubricant.
The type of resin impregnant is a factor in the choice of
parting agent, since interaction between resin and agent
cannot be tolerated.
Solvents
Mix tanks and resin containers are usually cleaned with
solvents, .owever, Fecause of the potential vapor inhalation
and dermititis problem, the use of alkaline cleansers and
detergents are now recommended.
A common practice on the part of employees has been to
remove dried resins and other materials from the hands by
frequent washing in acetone. This has led to subsequent
dermatitis, sometimes followed by infection, :ecause of the
ability of acetone to defat and dry the skin. The use of
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solvents in large quantities to ck an molds shoyld be
avoided in order to 1imit solvent contact with the skin,
inhalation of the vapor or eye irriiation that may result
from this practice. Utilizing the smallest quantities to
do the job and hand applications where possible is much more !
desirabl- than using a solvent-soaked rag in contact with |

the hand. |
Common solvents used in industry are: »acetone, toluene, methyl i
ethyl ketone, methyl cellulose, e.hylene qlycol, diethylene |
glycol, ’ '*

v. Properties
In general, the important characteristics of polyester

i y2sins include good electrical and physical nroperties,

casy handling, s0lidifying without evolution of gaseous

or liquid by-products, =nd good dimensional stability,

sy addition of small amounts of other materials, polyesters

may also be made flame resjstant, heat resistant, corrosion

resistant, and stable against the effects of high heat and

weather, !

Although most thermosetting plastics are reinforced with *

fillers, whether in powder or fiber form, the term "rein-

forced plastics” is used almost exclusively to describe

- glass-fiber reinforced piastics. Some of the reasons which

X make polyester resins and glass fiber such an excellent
combination for reinforced plastics are: a. polyester resins
are liquid and will therefore flow and impregnate glass fiber
with 1ittle or no pressure, =. <lass fiber is one of the
strongest known materials and because it is glass, will not
deteriorate with time, c. glass fiber is easily crushed -
and polyester resin can be cured with little or no pressure,
d. fully cured moldings and laminates have excellent
physical properties and better strengtii-''eight ratios than
many metais. Good electrical properties and resistance to
corrosion as we+l.

7. Industrial Production Methods or Processes:

nyremixing

contact molding - trans. 13

Vacuum-bag molding - trans. 14

matched die molding - urans. 15

pressure-hag molding - trans. 16

flexible-~lunger molding - trans. 17

molding compounds - trans. 18

SOMMOcC O
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PRESENTATION:

A. Overview of plastics - thermoplastic & tnermoset
trans. 1, 2: samples

B. Structure of Plastics - molecular chain, polymerization,
catalyst-promoter, cross-link; trans. 3, 6, 7, 8, 9,
10, molecular models

C. Polyester Resin - thermoset family, 1ist industrial
applications, forms: 1liquid, ~ranuai, ~eags, "ellets,
types: saturated & unsaturated; trans. 11, 19, 7,
-:0lecular models, samples.

5. Properties - complete list; trans. 5 & b, charts

E. Reinforcing Materials: rope, paper, vood,wire, glass,rock

F. Specific Reinforcing Materials: mat, cloth, rovings,
chopped; samples

G. solvents - types: acetone, lacquer thinner, release
agents: PVC, raste wax

4. Safety - keep away from skin, rroper clothing, keep

away from open flame

I. .ethods of industrial Application - 7ist; trans. 12,
13, 14, 15, 15, 17, 18, Nemo. hand lay-un, ~atched-cie,
drape of contact, casting; oroperty test. - flexural:
use 4 samples (1/8" x 1" x 7") 1-clear, 1-7at,l-cloth,
and 1-chopped fibers of fiberglass. Attach spring scale
to samples to measure stress, this will give a student
a comparative figure to apply to samnles.

<TUDENT WORK EXPERIENCES AD EXPERIMENTS:
A. Prepare strips of equal size and the same amount of reinforcing
material by weight. Subject these test strips to simnle
test whereby weights are placed on one end. This is a com-
~arative test and accurate data can not be cathered, “ut will
give the student some insight as to which samples will in effect
hold the most weight - due tc reinforcing material.
Encourage student to experiment with a variety of materials - and
vary pressure vs. non-pressure to give some jdea as to the differtsnce
between high and low pressure laminates.
B. Encourage student to collect commercially fabricated pieces
of reinforced fiberglass and run comparative tests.
C. A simple chemical or solvent test to show the effects of
thesé materials on polyester resin
n. The effects of temperature - fire is also an interesting
experiment. By adding difterent fillers and reinforcing
agents the student can also gain some insight as to how the
engineer can change the physical properties of his material.

ERIC

Full Tt Provided by ERIC.




N

-8—

E. Let the students compile 2 list of where reinforced
fiberglass is used in the home and industry. Examples

of other tises of polyester resin, cther than in reinforced

fiberglass, should also be gathered. The students may be

surprised to find that polyester is a rather versaiile

material.

F. Take the above list and try and determine which of tae
industrial processes vigyld most Tikely be usad in its

production.

¢. Try and develop & mass--roduction project using this material
and one of the industrial production processes.

H. Experiment with different release agents and which should
be used with certain molds.

1. Encourage students to experiment with their own molds.
Let them design and develcp them from scratcn.

J. £ncourage the students to build their cwn molding devices,
such as flexible-bag, pressure-iag, and contact moldino.

They will in turn understand more of the limitations of the

material in which they are working.

DEFINITION OF TERIS:
A. Catalyst - substance which markedly speeds up the cure of

a compound when added in minor quantity as compared to

the amounts of primary reactants.
8. Cross-linking - applied to polymer moiecules, the setting-up
of chemical links between the molecular chains. Unen
extensive, as in most thermosetting resins, cross-linking
makes one infusible super-molecule of all the chains.
aardener - a substance or mixture of substances added to
plastic composition, or an adhesive tc promote or control tae
curing reaction by taking part in it. ierm also used for
substance added to control degree of hardness of cured film,
?, Polymerization - chemical reaction in which the molecules of

a monomer ave linked together to form large moiecule

S
-

REFERENCES:

STUDERNT :

1. Modern Piastics Encyclopedia, _odern Plastics, vol. 33,
no. 14, 1965

2. Phillips Petroleum Co., ~lossary of Plastics Terms,
3rd edition

3. ‘.wanson. “obert, Plastics Technoiogy

.. plastics Reference Issue, Hachine Design, Vol. 38
no. 14.
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1. ASTM Standards on Plastics
2. Oleesky, 55, =nd dtohr, “J. Handbook of Reinforced

Plastics
Randolph, . F. flastics Enaineering Handbook
"Materials" Scientific American

Parkyn, and Clifton. P"olyesters

‘oore, W. 7. “n Introduction to Polymerr Chemistry
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LIQUID MEASUREMENT:

110 drops - 1 tsp

3 teaspoon - 1 tbsp

2 tablespoons - 1 ounce

4 " - 1/4 cup

16 " -8o0zor 1l cup
2 cups - 1 pint

2 pints - 1 quart

4 quarts - 1 gallon

RESIN PER SQUARE FOOT (APPROX AMTS)

gel coat .010 to .020 - 1/2 - 1 oz
finishing mat .010 to .030 - 1 - 2 0z

2 0z gloss cloth 003 - 1 oz

10 oz gloss clotn .C13 - 3 - 4 oz

10 oz woven roving .J16 - 3 oz

35 oz woven roving .J34 - & - 10 oz

3/4 oz chopped strand mat - 2 - 4 oz

1 - 1/2 oz chopped strand mat - 4 - 6 oz
3 oz chopped strand mat - ¢ - 10 oz




THE THERMOPLASTIC FAMILY

POLYMERS

SIGNS AUTO TAIL LIGHTS

ACRYLIC ,
CONTACT LENSES ~ CONTROL PANELS
PACKAGING  TOOTH BRUSHES
CELLULOSIC i
| STEERING WHEELS EYEGLASS FRAMES
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i SQUEEZE BOTTLES  PACKAGING
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FLOOR COVERING RAIN WEAR
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SCREENING CEILING FIXTURES




POLYMERS
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AMINO
ADHESIVES  SWITCHES  SIZINGS
KNITTING NEEDLES  BUTTONS
CASEIN |
DRESS BUCKLES ~ NOVELTIES
ADHESIVES  SURFACE COATINGS
EPOXY |
ELECTRICAL COMPONENTS .
APPLIANCE HANDLES  T-V CABINETS
PHENOLIC
| DISTRIBUTOR CAPS  ADHESIVES
BOAT & AUTO STRUCTURES  COATINGS
POLYESTER
SPORTS EQUIPT. BUILDING MATERIALS
MOLD RELEASES TAPE ADHESIVES
SILICONE
ELECTRICAL COMPONENTS
| FOAMS  INSULATION COATINGS
URETHANE

RUG PADS AIRCRAFT PARTS




THERMOPLASTIC
Chain-like

THERMOSET

Cross-links
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POLYMERIZATION
Polyethylene

(MANY MOLECULES OF ETHYLENE JOINED TCGETHER)

(CATALYST)
) (uv2 CH) (CAIZ-C”Z),, i
HEAT - LIGHT

PRESSURE

H 4 / H H \
[ | — I
C=C pousLE Bonps BROKEN | ~ C ~(C —
I

H

)

[
H H H /h ;
2
BIFUNCTIONAL |

TWO REACTION SITES
FOR OTHER MOLECULES ;

| ﬁ' i oW e
(‘: =C -~ C C -C - |
H H !4 H
,(—-— MONOMER —->, €= MER  re——p
|

POLYMERS »——> MANY MERS




ATOMS, SYMBOLS,
VALENCE NO.& STRUCTURE

ATOMS SYMBOL VALENCE NO. STRUCTURE
Hydrogen H 1 - H
Fluoride F 1 -F
Chlorine CL 1 -CL
lodine | 1 - |
Bromine Br 1 -Br
Oxygen O 2 -0 -
Sulfur S 2 -S-

|
Nitrogen N 3 -N-

|
Carbon C 4 -QC -

Silicon Si 4 -S-
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REINFORCED PLASTICS

Pattern of consumption®
1967 1968

Market million lb. million Ib.
Aircraft, aerospace - 47 45 :

1 Apphiances 16 20
Boats & accessories 110 120
Construction . 105. 110
Consumer products 55 58

| ] Containers, trays, industrial

{ housings 22 24
Electrical 25 30
Pipes, ducts, tanks 40 47

: Transportation 110 122
Miscellaneous 30 35
Total 560 611

_—'

a--Table includes, for the first time, glass and resin for both
thermoplastics and thermosetting composites.
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SA.1 JOSE STATE COLLEGE
[USTRIAL STUDIES GEPARTIMEXT
1958 4DEA L.!STITUTE I# I:DUSTRIAL MATERIALS

PRESENTED 3Y: Joseph Sracg
State University College
Oswego, iew York

[HHSTRUCTIONAL LEVEL: College
TITLE: Properties of Polymers
PRESE-TATICY TI¥E: 1 1/2 hours

INTRODUCT1O:L.

1. Plastics hava proved to be the answer to many engineer-
ing problems because of their outstanding favorable prop:rties.

a. Self jubricating bearings in foods and textile

machincry.
Grit-resistant bearings in rock crushers.
Tubing which is flexible at cryogenic temperatures
Lightweight, high-strength films ir space satellites.
High-strength radomes produced virtually vwithout
tooling.

2. ?lastic parts require 2 minimum of finishing after
Drocessing.

3. They can have: integral color, glass or textured finisn
imparted during molding or forming.

4. A single plastic molding may replace an assembly of
several metal parts.

5. 3ecause of their combinations of properties, plastic
parts may provide several tunctions.

0. As a result, the cost of a plastic part tends to be

lower than a conparative per pound or per cubic inch price
would indicate,

03JECTIVES:

1. T aunderstand the qeneral nronerties of polymers,
Tensile strengths

Thermal pronerties

Zlectrical properties

Physical properties

Chemical vroperties

2. To show the general relationship between plastics and
metals.

fDL‘.‘L.O.U'
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INTER-RELATION UITH CTHER SUSJECTS:
URIT SUSJECT AREA: Polymers

I{TER-RELATION "IITH OTHER SUBJECTS:
Chemistry, Physics, Social Sciences

HMATERIALS AND EDUCATIONAL MEDIA:

General! Qutline

Transparencies

Charts

Samples

Yovies

a. Plastic Tooling and Pattern-making with Epoxical
Resins, U.S. Gypsum Company.

b. Origin and Synthesis of Plastics Haterials,
Visual Educational Department, U.S. Office of Educa-
tion.

6. Experiments

a. Check hardness of various polymers

b. Check tensile strengths of polymers

c. Check heat and electrical conductivity

d. Pour various mixes using varying amounts of
plasticizers.

Take field trips to neinhborhood plants

Study the noiymers utilized in car construction

. Have quest speakers in to talk about this field

. dork with the chemistry department

. Hand out ditto sheets, "Properties of Polymers"

WD —

- OO O~
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1

PRESENTATION:

Synthetic polymers now available already possess several of
the properties required of a structural material. The major
drawback has to do with costs. Time will tell if these polymers
can be made inexpensively enough to compete with the traditional
materials such as wood, metal and ceramics.

Some of the proverties of polymers that make them so
desirable are:

Physical Properties
leight - relatively ligh., some float {(trans. C-1)
2. Hardness -
a. Yot very hard. Hardness comparable to brass
and aluminum.
b. Thermosets are harder than thermoplastics.
c. Temperature arfects hardness - high temperatures
soften most plastics.




10,000 p.s.1.

c. Some polvmers stretch five times their normal
length before breaking.

d. Steel elongates only .1%.

4. Compressive strength -

a. Polyesters resist forces up to 70,000 p.s.i.

. Typical values are ahout 20,00C to 25,000 p.s.i.
c. Aluminum has 12,000 and steel has about 50,000

p.S.i.

Impact strength - Epoxies and polyesters have
higher impact strengths than steel.
6. Creep and cold flow -

a. All polymers exhibit some creep.

h. Thermoplastics creep at a greater rate than
thermosets.

7. Dimensional stability -

a. Polymers do not generally expand and contract
with the addition or loss of moisture as does
vood.

b. Host polymers exhibit very high dimensional

L stability.
8. Damping - Polymers are guite vibration absorbent.

About 10 times more than steel,

9. OCptical Preperties -

a. The majority of resins are clear, transparent
and colorless in their natural state

b. Acrylics and polystyrene possess greater clarity
than most glass, transmitting about 90% of
the licht falling upon them.

8y

J
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3. Tensile strength -
a. Polyesters reinforced with fiberglass go up
to 199,000 p.s.i. (trans. C-2)
b. Many unreinforced nolymers reach 5,000 to

T

Electrical Properties (trans. C-3)
Dielectric strength - Nearly all polymers when dry are
excellent insulators.
Dielectric Constant - Most polymers are very high.
With air as 1, most polymers range between 2.5 and 7.
Arc resistance - Ho organic polymers are exceptional
in this area. !lhere severe arcing is likely to occur,
other naterials are used.

Thermal Properties
7. Thermal Conductivity -
a. Copper transmits over 200 times as much heat as
most polymers. Cast iron 250 times; wood about
twice as much.




4.

b. This property makes polymers pleasant to the
touch, even cn hot pans or on refrigerator
units.

2. Thermal Expansion - Generally very high for most
polymers.
3. Heat Resistance -

a. Generally, polymers are quite low in heat
resistance.

b. Some epoxies and silicones will withstand
temperatures around 400 to 620° F.

c. Some phenolics can go up to 5000° F. for brief
periods of time.

d. Usually polymers are ruled out where high
temperatures are required.

4. Fire Resistance -

a. Hany oolymers can be ignited with an open
flame.

b. Some burst into flame with just an elevated
temperature.

c. Few polymers are used where they come intG
direct contact with fire,

5. Resistance to cold -

a. Polymers, generally have very good resistance
to cold temperatures.

b. Some fluorocarbons can be used at minus 300° F,

Chemical Properties

Resistance to Acids -

a. Most are exiremely resistant to acids.

b. Almost none are affected by fruit and vegetable
juices.

c. The fluorocarbons are the most resistant to
the effects of acids.

2. Resistance to Alkalies -

a. Most polymers are very resistant to alkalies.

b. About half of the polymers are completely resis-
tant to the very strong alkalies.

c. The cellulosic, melamines and casein polymers
are decomposed by strong alkalies.

UNIT EVALUATION:

W —

Short tests on the various properties

Experiments on the oroperties

Class discussion and general interest

Jehavior chanaes that actually take place with each
individual. Ex: He talks, discusses, reads, experiments
with these properties.




DEFINITION OF TERI'S:

1. Compressive Strength - the ability of a material to
resist crushing.

2. Creep and Cold Flow - change in dimension when material
is subjected to stress. Cold flow is a form of creep
which occurs at room temperature.

3. Damping - the property of resisting the transmission of
vibrations.

4. Dielectric Constant - the measure of a materials useful-
ness as an insulating element in a capacitor.

5. Dimensional Stability - general properties which covers
shrinkage and warpage.

6. Fatigue - the general behavior of materials under constant
cycles of loading and unloading.

7. Hardness -~ the resistance to the breaking of a surface
with a given load.

8. Impact - ability to resist sharp, sudden blows or shocks.

9. Cptical Property - ability to allow light rays to pass
through a material.

10. Tensile Strength - ability of a material to resist a
pulling force.
11. Thermal Conductivity - a measure of its ability to
conduct heat or cold.
12. Thermal Expansion - the increase in size, length, area
or volume during temperature rise.
REFEREVCES:

1. ASTH Standards, American Society for Testing Materials.

2 Plastics Technolooy, Swanson, McKnight and ficknight.

3. Etngineering Haterials Handbook, Mantell, McGraw-Hill.

4, liodern Plastics Encyclopedia, Breskin Publication,
Boistal, Connecticut.

5. Scientific American

6. The Story of the Plastics Industry, The Society of
the Plastics Industry, New York, New York.

7. iiachine Design (Plastics Issue), Penton Publishing Co.




L : POLYMER \
NUMBERi CHARACTERISTIC | EXMPLES lISES
; i f Polyethylene rails, pioes,
E i flexible and ‘Polypronylene thin films,
S crystaliizable ‘Polyvinyl Chloridej<teering wheels,
chains Nylon plastic nipes,
: ~tockinos, shirts,
; : clothina
i Phenol Formalde- {television
' cross-linked hyde cabinets, tele-
| - amornhous networks Cured rubber rhone receivers.
P2 of flexible chains Styrenated tires, hoses,
‘ Polyesters balts, finish on
; aytos and aonli-
e ances
H ' hiah temper- |
| . rigid PoTyamides ~ture insulation, ;
i 3 | chains Ladder heat shields
; molecules |
: JoiT-resistant
§ crystalline domains Neoprene rubber,
4 in a viscous .Polyisonrene particularly
network , resiliant
rubber aoods
?191d chains “heat
3 partly cross- cresistant jet and rocket :
| Tinked ‘materials parts o
7 T crystalline domains b
with rigid chains 'materials of buildines and J
i+ & ! between them and hich strenath buildina material
i cross-linkine ‘and temnerature  |and vehicles t
- between them resistance i
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SAIL JOSE STAT: COLLEGE
I 'DUSTRIAL STUCIES DEPARTH™HT
1968 4DEA ITISTITUTE 14 IYDUSTRIAL YATERIALS

PRESENTED BY: Joseph 2raco
State University College
Dswego, liew York

INSTRUCTIONAL LEVEL: College
TITLE: Structure and Comnosition of Polymers
PRESENTATION TIvE: 1 1/2 hours

INTRODUCTION

Our modern society depends fundamentally on organic polymers,
which provide our necessities of life. In order to have a basic
understanding of this important material, a study of what makes
up these polymers is of paramount importance. Every use of
materials, no matter how trivial, involves selection. It is
possible through understanding or experiment to maximize any one
property but in no application is it possible to select a
material for one property alone. It is the balance of one
factor against another that the material's engineer finds his
challenge and his satisfaction.

1t wr» not until the Twentieth Century that some of the
powerful ynstruments 1ike the ultracentrifuge, electron micro-
scope, viscometer, osmometer, diffusion cell and x-ray diffraction
apnaratus were used to reveal the polymers in all their intricacy.
The molecules were discovered to be ircredibly large. The mole-
cular weights ran as high as miilions of units, whereas simple
organic substances such as sugar and gasoline have molecular
weights in the range of 50 to 500 units. The giant molecules
turned out to be composed of a large number of repeating units.
They were consequently given the name "nolymen" from the Greek
words "poly" (many) and "meras® (parts), and the building blocks
were called monomers. fost polymers were fcund to have the long,
flexible chains. Packed side by side in a bundle, the molecules
formed a regular array with a crystalline structure. Examination
of natural polymeric materials showed that their structure was -
partly crystailine and partly amorphous. If tha crystailine
structure predominated, the material was relatively strong,
rigid and resistant to heat and dissolution; if the substance was
amorphous, the substance was soft, elastic, absorptive and
permeable to fluids. (trans. B-1) .




linking and crosslinking.
2. To have an understanding cof polymer composition.
3. To understand the structure of polymers.

INTER-RELATION YITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Polymers

INTER-RELATION WITH OTHER SUBJECTS:
Chemistry

Electricity, Electronics
“oodworking |
Textiles |
Metals
Ceramics

_ .
OBJECTIVES:
1. To have a basic understanding of what is meant by

A WHN —

USE IN INDUSTRY:

In a Tittle over a half century, our world and society-has
baen transformed from a horse and buagy era to our highly tech-
nclogical society of -today. #uch of this has been possible
because of the research and developments in the study of struc-
ture and composition of matter, which polymers have played a
vety important part in.

MATERIALS AND EDUCATIONAL MEDIA:
1. Transparencies as noted (tran.. B-2)
2. Hodels of basic structures (styrofoam balls)
3. Films
a. Physical Chemistry of Polymers
b. Design of Molded Phenolics
4. Samples of various polymer materials
a. Construction type foam
b. Regular styro-foam
c. °Phenolics
d. Vinyls

THINGS TO DO: .
Examine polymer structures under microscope.

Experiment with plasticizers to get varying degrees of
flexibility.

Watch films on this subject.

Do additional readings.

Take field trips.

. Examine products made from polymers

o sWw N =
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7. iiame as many nolymers as you can.
8. Ask parents about clcthing made from the poiymers
materials.

PRESEITATION:

The structure of monomers are basically guite simple, but
become very complex when different materials are formed by
polymerization (trans. 2-3)

In synthesizing Tong-chain molecules, man imitates natural
polymers such as cellolese. Today nature is being outdone, and
nolymers are evolving that may be rigid enough to serve for

?eagy construction. (show example of construction foam; step on
t.

Thermosets set or hardened under heat into a permanent
shape produce an irreversible chemical reaction called cross-
Tinking (polymerization). The reaction lirks the resin chains
inte what might be called one giant three-dimensional molecule.

Thermoplastics soften when heated and harden when cooled.
Thus for all practical purposes, the major distinction between
the two groups is the ability of one material to be formed over
and over, while the other can be formed only once. (trans. B-4)

The Thermoset Polymers - The thermosetting materials are
aenerally made from the phenol formaldehyde and phenol furfural
materials, the urea formaldehydes, the aniline formaldehydes,
the melamine formaldehydes, and to a smaller extent the polyesters
and the alkyds. Some of the common thermoset polymers are as
foliows:

1. Phenol Formaldehyde. This phenolic molding material
contains phenolic resins, combined with various fil ers which
embrace wood flour, cotton floc, chopped paper, fabric, asbestos,
mica, silica and glass.

2. Urea Formaldehyde. These usually use alpha celiulose
fillers.

3. ilelamines. These are usually compression-molded. They
usually contain a variety of fillers.

4. Aniline Formaldehyde. These are commonly made without
fillers.

5. Furangs. These are commonly made with asbestos fillers.
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The Thermoplastic Polymers - The thermoplastic materials
normally require plasticizers, which may run from 10 to 70% of
the total weight. Some of the most common ones are as follows:

1. Cellulosics. Strong, good alectrical insulator,
tasteless, non-toxic, full range of colors.

2. Polyamides. Transparent, light diffusion, weather
resistant, non-marring, machinabie polymers.

3. Vinyls. Easy to form, wear resistant, flexible material.

4. Polyesters. The polyester materials in the uncured
state are mixtures of polyesters and nolymerized monomers.
These polyesters are esters of unsaturated polybasic acids.
Tnese esters are discersed in monomers such as styrene or
related materials.

5. Styrenes. These are made from either styrene monomers
entirely or copolymerized with other monomers.

6. Polyethylene. These are made by tha copolymerization
of ethylene under careful controlled pressure and temperature.

Polymer Composition - lost pelymers are produced by synthesis
from such natural resources as water, air, coal, salt and
natural gas. From these are derived the various chemicals and
ases which are combined to produce the polymer materials
?trans. B-5)

As an example, the raw materials for making polystyrene,
one of the most important of the polymers, are coal and petro-
leum or natural gas. By a process of distillation, benzene is
extracted from the coal; from the petroleum or natural gas is
taken the gas ethylene. These two materials are linked together
to form ethyl benzene which is dehydrogenated to form styrene.
With the aid of catalysts heat and pressure, thousands of styrene
molecules polymerize, or link together, to form long chain-like
molecules that clump into small granules of crude polystyrene.

These grains are hot worked and cut into small pellets called
molding powder, the most common form in which polymers are
supplied to fabricators.

liodification of Polymers -
Before polymer products are processed, most basic
polymer resins can be combined, compounded with any one of a
large range of modifying chemicals or reinforcing materials in
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varying proportions 0 achieve 2 given end result. Such
additions can take the form of plasticizers (which soften the
polymer to make it more flexible), stabilizers (which prevent
deagradation in the polymer when it is exposed to heat or light),
fillers {which add bulk and reduce over-all costs), colorants
(which add integral color to the processed polymer end product)
and reinforcing fibers (which improve impact strength, electrical
properties, etc. of finished products.)

2. Solvents are used to give polymers the degree of
temporary fluidity necessary to such operations as dipning,
brushing, spraying, etc. and catalysts are added to speed up
the cure or hardening of the compound.

3. After compounding, the resultant polymers are
supplied in convenient liquid, aranular or powder from to
processors.

3asic Polvmer Structure -

A monorer (mono - single, mer - part) is a one
part, single molecular unit. Basic building blocks (molecules)
joi?ed end to end form polymers. (Show on chalk board or trans.)
B-6

H
i

Xe— )

|
H

2. A polymer (poly-many, mer-part) .is a giant molecule
made up of many parts (single molecules)

3. Polymeriz.tion is the act of comhining two or
more motecules of a monomer into a singie large molecule, thus
creating a different substance called a polymer. (Show on chalk
board or trans. 3-7)

H H H H H H

3 | l ! | i
—C === YC ~—~C —C —C —

| i i ! |

H H H H H H

4. A catalyst is a chemical substance which is used in
assisting chemicai reactions without combining chemically itself.
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5. Thermoplastic - long chain-1like structure.
(trans. B-8)

0 /0\

07 o0

6. Thermoset Polymers - cage-iike molecular structure.
(trans. 3-9)

S
9 -0 -0
i)
9= 0-—p-

DEFINITIONS OF TERMS:

1. Acetates - The name applied to esters of acetic acid
such as ethyl acetate, cellulose acetate, vinyl acetate,
etc.

Arorphous - ilon crystalline and without any long range

order.

Alloy - A material or substance containing two or more

elements.

Amides - Organic compounds derived from ammonia and

organic acids.

Casein - Product obtained from skimmed milk which is the

base from which casein plastics are made.

Cellulose -~ The important structural building material

of all vegetation.

Olefins - Unsaturated hydrocarbons characterized by

having two adjacent carbon atoms linked by double bonds.

Plasticizer - An additive to commercial resins to

produce plasticity.

Polyethylene - Derived from the polymerization of

ethylene.

Polystyrene - The solid (polymer) made from styrene

(monomer)

Propylene - An unsaturated hydrocarbon containing three

carbon atoms.

12. Resinoids - The class names given to thermosetting
resins.

13. Styrene - An organic compound derived from coal tar and
qatur:l gas which is the monomer from vwhich polystyrene
is made.

14. Thermoplastic - A plastic material which is permanently
fusible and soluble,

~
.
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15. Thermosetting - The name given to plastic materials

which can be transformed to this infusible insoluble
state under the influence of heat.

16. Urea - An organic compound containing nitrogen, made

by the action of ammonia on carbon dioxide undar pressure.
REFERENCES:

1. 1967 3ook of ASTii Standards, Part 26, American Society
for Testing and Materials.

2. Engineering Haterials Handbook, Mantell, licGraw-Hill.

3. Hodern PTastics Encyclopedia, iicGraw-Hill.

4. Materials Handbook, Brady.

5. Elements of Haterial Science, Van Vlack, Addison- esley
Publishing Co, Inc.

6. Plastics Technology, Swanson, ilcKnight & ‘iciknight.
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L, ¢oer suply (hich current and lov voltage; 19-20 amps,

.
Lg)

¢; volts)
% frmeter

&, Voltmetar
7. Carmeter

EQCATION L 1E Ix:
1. 'se of ov. sread projector (trans. of activity tahle)
. 3-U Teachinn “id
. txpansisn anz Contraction Temcnstrator
. Lectura
. Studert cxperinent

G WMD)

UTILIZATIO! I3 THE TEACHIHG-LEARNT 7~ ENVIRYEzaT

SAFETY:

Safaty in werkin: 7 ta these ~aterials is, of course,
taucat, but it is hovad that this safety trairino »il1l ao
kavond the scirocl room Joor,

FACSEAT TIC:

I. Experirent - Temperature chanaes ane its offect cn
conductors.,
A, Parts an< Zauiprent
1. ichrome wive (s.all maurr)
2. Heat source (kiln, can.lg)
3. hrmeter
.. Sote-up {sea diazrram 1 attecher)
C. Proenure
1. “easuye wire resistance “thile col fecord
. Turn on kiln after the tast wire is incerted
throuq. tie voor veni fole erdt fram out througn
tne pyrometer aperturs.
3. .t riven time intervais, measurc tha resist-
ane~ ang racors in ths tahla.  Ant alse record
the temnerature aand iine.
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E. Conclusion
There must be a high degree of electron activity
vith the increase of temperature around a given
conductor. This conciusion is evident because of
the increase in resistance.

F. Exoeriment *odification
If no kiln is available, merely obtain resistance
wire and measure its oimic value. Then while the
ohmmeter is still connected, neat the wire uni-
formly with a candle, bunsen burner or another
means -~ the ohmic increase is immediately evident.
This methiod is not accurate but it does prove a

point.
II. Experiment - Expansion of electrical wire when acting
] as a current carrier

A. Materials and Equinment
Nichrome wire, Ammeter, Volt ieter
Power Supply Low Voltage High Current
Test '"ire Holding Device, small weignht
P. Procedure (see diagram 2 attached)

The measurements to be taken during this
axperiment will, when plotted on a graph, illustrate
that high thermal agitation is created with current
flow and an increase in current flow creates an
increase in electron activity which when alloved
or “hen unrestrained will exnand its spacial require-
ment.




SAG
I1iCH

0.

I7 the resistance wire is tightly stretched
between the two insulators and its relative dis-
tance to the ground surface is measured, then any
expansion or sag will be measured on the vertical
scale. (If a small weight is attached to the
wire tha sag will he easier to daternine.

Tha readings to be taken are: current, volt,
and sag, which will be plotted on a graph.

[ E. T. Sag
9 2 5
2.2 120 ma g
2.5 220 ma 0
2.3 350 ina 0
3.1 409 ma 0
3.6 500 ma 1/32
3.3 600 ma 1/32
4.3 700 ma 1/16
4.7 993 ma 1/16
5.5 1000 ma 1715
5.7 1500 ma 3/16
7.3 2005 ma 1/4
7.8 2390 ma 1/4
8.5 3000 ma 5/16
c.8 3100 ma 1/2
11.€ 2500 ma 5/8
5/8F
" ~welear
1/2}- celting
Point
3/8 |-
/D
1/8} //
e
i N s ! i 1 } 1
0.5K 1.5K 2.5K 3.5

1000ma 2000ma 3000ma 4000ma
CURRENT




€. Conclusion .
An increase in current reacted with an increase in
heat which in turn caused the wire to sag. The
sag then could only be attributed to the increased
molecule activity. If the wire expanded or saaged
then it can only hold true that thermal agitation
causes electrons tc demand more space, which they
get,]and this 1is indicated by the expansion of a
metal.

EVALUATION AND O3SERVATION:

STUDENT PERFORMANCE :
Oral Quiz
Observation of student lab work

U:IT EVALUATION:
Has the Tesson generated any self designed activities?
Have student suggest or 1ist possible experiment and
hovt they can be done.

DEFINITION OF TERMS: ‘
1. Ohm - The opposition to electrical current flow
2. Volt - The pressure used to cause current to flow
3. Current - The actuai flow of electrons
4. Thermal action - The agitation of electrons in a
heated electrical conductor

REFERENCES:

STUDENT:
Electricity and Electronics -for Everyone, Monroe Upton
Electricity, Howard Gerrish




ELECTRODE POTENTIAL OF METALS

METAL ION

POTENTIAL

L1+ (BASE) I +2.9 6 (anoDIC).
K+ 2,9 2
Ct 42,90
Na" +2.7'1

A (NoBLE)

2,40

#.7 0
10,7 6
0,5 6
0,4 4
+0.23

0,14
10,12
0,045
0,000 (sep)
0.3 4

| 0.47
0.80
.86

-1,5 0 (catHoDIC) §

AN ACTIVE METAL
WILL DESTROY

ITSELF BY
GIVING UP
ELECTRONS TO A
LESS ACTIVE
METAL  THE
ACTIVE OR DONOR
METAL IS CALLED
THE ANODE - THE
ACCEPTOR IS
CALLED THE
CATHODE,




METALS THAT ARE CHEMICALLY ACTIVE WILL.,
WHEN CONNECTED TO LESS ACTIVE METALS,
DESTROY THEMSELVES ATTEMPTING TO
BALANCE AN UNBALANCED CONDITION,

26
388"

ABUNDANCE OF
ELECTRONS
CREATES
UNBALANCE

ELECTRONS
KICKED OFF TO
BALANCE
CONDITION

THIS ACTION
IS
MEASURABLE




NATURAL FORCES BALANCE
) UNBALANCED CONDITIONS

WATER LEVELS
EQUALIZE DUE
TO GRAVITY

A -DEAD BATTERY
IS A BALANCED
BATTERY

ZINC ELECTRONS
MOVE T0 COPFER
TO BALANCE THE
ACTIVE METAL
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“AnN JOSE STATE COLLEGE
IHMDUSTRIAL STUDIES DEPARTMENT
1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESEHNTED BY: Austin E. Lucero
Adrian Wilcox High SChool
Santa Clara, California

INSTRUCTIONAL LEVEL: High School

TITLE: Relative Activity of Metals and its effect on the
Electrical Potential

PRESENTATION:TIME: 2 hours

INTRODUCTION:

rrobably one of the first subject cCovered in the area of
electricity is the subject of atomic theorv, and secondly the
creation of electricity through the use of electrolyte, and
dissimilar metals or materials. Tn short the subject is the
battery and its capabilities. Therefore, this unit would help
to reinforce that material which has previously been covered as
well as introducing new materials.

OBJECTIVES:

i. To reinforce battery theory praviously taught

2. To aemonstrate that one metal will give up its
electrons to a less active metal if there is an
electrolyte and contact of some source.

3. To demonstrate that a potential is generated between
metals or that an unbalanced condition in nature
becomes balanced through physical forces.

4. To depict the effect of magnetism on metals of
different activity ratings.

INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Eiectricity/Electronics

INTER-RELATIOM WITH OTHER SUBJECTS:

In chemistry classes the periodic cnart is one of the
primary items discussed, ..owever, hen one says that a
given metal is active very frequently the only proof given
is the demonstration which requires that pure sodium be
placed in water. The physics class also use batteries and
since batteries are metal utilizing bodies it is felt that
this unit can be of help in this area.

©

ERIC

Aruitoxt provided by Eic:




USE IN INDUSTRY:

Sacrificial metal processes are a common appiication in
industry - consider the outboard motor which is protected
against corrosion hy a small piece of active metal which is
attached to the submerged portion of the motor,

AATERIALS AND EQUIPHENT:
voltmenter
ammeter
NaCl (sodium chloride) table sait
variety of metals
Ho0 (water, not distilled)

different typss of wire

CDUCATIONAL MEDIA:
transparencies - ettached
demonstration
metals activity chart

UTILIZATION I# THE TEACHIHG LEARNING CMVIROMMENT:

CAFETY:
No hazard unless caustic soiution substituted

for electrolyte.

TRESENTATION:
1. Give a short introduction about metal valence and
electron number, ase transparency #1.
2. Jerform experiment to class by following attached
3. Conclugign as gpropriate
4. 4. " ansparencies - 2, 3; 4.

EVALUATION AND OBSERVATION:
~TUDENT PERFORMANCE:

1 paragraph written explanation of what students
have seen

UNIT EVALUATIOQN:

Have students design the most powerful notential
difference after having been aiven several different
metals. Once designed, “ave the student test the theory.

©
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DEFINITION OF TERMS:
Sacrificial Metals - a metal that destroys itself when it
1s counled to or made to come in contact with another metal.
Ragnetic Induction - the process by which electricity is
created in a conductor when that conductor is passed through a
magnetic field.

"EFERENCES:

STUDENT :
“uban & Schmidt - SLECTIICITY

TEACHER:

Van Vlack - ELEMENTS OF MATERIALS SCIENCE
Keyser - MATERIALS SCIENCE IY ENGIMEERING

EXPERIMENT: ELECTRICAL POTENTIAL AMD COMDUCTIVITY OF DIFFERENT
METALS.

HMATERIALS & EQUIPHENT:

L. Strips of a :ariety of metals - same size
2. Voltmeter
3. Ammeter
4. .esistor - 100 chms
5. Tap water - salt water (tap water & Matl)
©. Several glass beakers

PROCEDURE :

Select the most active metal of the cut strips, zinc in
this case, and use that metal as a reference noint. ™lace
that metal in each beaker and make the second metal different -
as illustrated:

N fey
WA/

P g

‘ T

A

. —+f
WO H20
e —— : e |
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This particular experiment utilized zinc, copper, and tin.

The results of each experiment were tabulated as indicated in

the chart below. The electrical circuit uses the standard
battery symbol to depict the dissimilar metals in the electrolyte.

resistor
L 100 ohms
— 1 watt
—_— l volts
.
DOUBLE METAL
ELECTROLYTE|MATERIALS NO LOAD P_EULL LOAD SURFACE
VOLTAGE | CURRENT VOUTAGE| CURRERT [VOLTS [CURRENT
TAP
WATER COPPER
ZINC 1 0 .ch .2 .25 3ma
ZINC
ZINC 0 0 0 0
ZING |
TIN .7 0 L near zero
, l
ONCLUSION:

The wider the range between the selected metals on the
activity metals chart the higher the voltage reading. 1f a
netals surface area is increased, the voltage remains the same
and the current increases. Two similar metals will not
create any voltage.

©
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tXPERIMENT: HOW TO DEMONSTRATE ACTIVITY OF METALS

MATERIALS & EQUIPHMENT:
1. Sodium metal
2. Teaker
3. Tap water
4. »henolph Thalein

PROCEDURE ;

1. Fil11 beaker about half full with water

2. Carefully remeve piece of sodium metai (the size
of a pea) from its special container. DO NOT *ouch
the metal to the unprotected skin - the metal will
react with your body moisture.

3. Place the sodium in the beaker of water and observe
the reaction

4. In order to iliustrate to the students what has taken
place in the beaker drop some phenolph thalein in the
beaker and again observe the reaction. ({or use
Titmus paper). The water will turn blue if the solution
is pase, red if it is acid.

CONCLUSION:

The sodium is so active that is destroys itself and this
can be observed in two ways: the metal disanpears, the water
loses its semineutral state,




ELECTRODE POTENVIAL OF METALS

METAL ION.

POTENTIAL

Lit (BAsE)
K +

AT (NGBLE)

+2,9 6 (AnoDIC)
.92
+2.9 0
.71
+2.4 0

AN ACTIVE METAL
WILL DESTROY
ITSELF BY
GIVING UP

+1.7 0 ELECTRONS T0 A
.7 6 LESS ACTIVE

+).5 6 METAL THE

10,4 4 ACTIVE OR DONOR
+0.23 METAL IS CALLED
THE ANODE - THE
ACCEPTOR IS
CALLED THE
CATHODE,

A st Reta i e wettiabe “aiiad ¥

40,14

40,12

0,045
0.0 00 (ReF)
0.3 4

0.47

0.8 0

-0.8 6

-1,5 0 (camHopIC)
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METALS THAT ARE CHEMICALLY ACTIVE WILL,
WHEN CONNECTED TO LESS ACTIVE METALS,
DESTROY THEMSELVES ATTEMPTING TO
BALANCE AN UNBALANCED CONDITION,

1S,
S¥alSlS
Ckﬂa
ABUNDANCE OF
FLECTRONS
CREATES
UNBALANCE

ELECTRONS
KICKED OFF T0
BALANCE
CONDITION

THIS ACTION
IS
MEASURABLE




S&.{ JOSE STATE COLLzGe
LADUSTRIAL STUDIES DEPARN. T
1968 MDEA LISTITUTE Id TdDUSTRIAL ATERIALS

PRESEMTED BY: Austin £. Lucero
Adrian Wilcox High School
Santa Clara, California

IISTRUCTIONAL LEVEL: digh School
TITLE: Semi-Conductor iaterials and Doping Processas
PRESEITATION TIWE: 2 hours

INTRODUCTION:

Probably in no other area of electronics doas the subject
of materials fit more appropriately than in the area of solid state
electronics. Therefore, this unit is designed to deal only with
semi-conauctor materials.

UBJECTIVES:

1. To illustrate how electronics uses materials which are
neither conductors or insulators in a controiled environ-
ment to produce electrical work of many parts.

2. To illustrate how a semi-conductor iwaterial with a
valence bond of four can he made to act as a positive
of regative material.

I-TER-RELATION HITH OTHZR SUBJECTS:
UAIT SURJECT AREA: Electronics (Semi-Conductors)

INTER-RELATION WITH OTHER SUBJECTS:

1. This area of study could be related to chemistry,
piysics and the co-valent bonding could be related
to some metals materials.

2. Electricity classes.

USE Ii IiDUSTRY:

1. Semi-conductors are so widely used in industry that
complete factorias have been built for the sole purpose of
making semi~-conductors.

2. Usad in any form of communicat’on, warfare, test instru-
mentation.

JATERIALS AND EQUIPHENT:
ifieters (V.T.V.M.) Vacuum tube voltmeter
Diodes germanium




Diodes silicon
Transistors - any type. P.M.P. is best to use

EDUCATIONAL HEDIA:
Transparencies as shown on attached shests.

UTILIZATION IN THE TEACHING-LEARNING ENVIROHMEWT:
SAFETY - io real hazard involved.
PRESENTATIG: :

PART 1.
I. Insulators and conductors
i. Tne number of electrons on the atom's outer ring
determines the conduction of the element. Hetals,

for example, are good conductors and netals as a

whole generally have 1, 2, or 3 electrons on the

outer atomic ring. Valence is the technical nhame
for t.a 1, 2, or 5 electruws.

1. The 1, 2, or 3 electrons may be released from
their orbit with relative ease; hence, they are
good conductors.

2. 1lon-conductors or insulators--there ave no
perfect insulators because of the constant
introduction of impurities. However, insula-
tors do not have very easily removed electrons
from the outer orbit.

B. Semi-Conductors

1. A group of materials which will conduct electrons
poorly, thus cannot be classified as either a
conductor or non-conductor. Gevmanium and
silicon are such materials.

2. However, impurities may be added to semi-con-
ductor materials with two possible results--
an excess of electrons in the impure material
or a deficiency of electrons and this depends on
which material is added as the impurity.

3. Doping - the process of adding an impurity to
a pure semi-conductor material such as germanium.

4. ‘then an impurity with five electvons in its
valence bond is added to a semi-conductor mater-
ial, that newly doped material is negative in
nature and is thus called an "N-type"material.
1f, however, the impurity which is added to the

n semi-conductor is tri-valent, then the newly
§ formed material is positive in nature and it is
; thereby called P-type material.
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a. Typical impurities
Arsenic = Pentavalent (5-electrons)
Indium = Trivalent (3-electrons)

5. The natural tendency for 8 2lectron orbital
rings to be formed is the base for semi-con-
ductors (4 electron orbits) to form grouns and
share electrons; hence, one atom of a semi-con-
ductor shares four electrons ith four adjacent

atoms.,

Co-valent Bonding
A1l atoms are Germanium.

Jote that 8 electrons are
gathered around atom K.

77N

II. i~Type Haterials

A. ‘'hen a matarial such as arsenic with a valence of
5 (5-electrons) is confined with germanium, tie
the arsenic impurity creatas a problem--too many

electrons
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I1I. P-Type Haterial

~bim

Germanium and Arsenic

Combination. Arsenic

is a donor 5secause it

provides free electrons
5-4=1

Hence--i-type crystal

Germanium and Indium.

Mo electron. Indium has only
a valence of 3. Hence a hole
is created.

Acceptor because it accepts
ohe more eijectron




PART I1.
P-i1! Junction Action
I. %olecular Action
A. Heat must be present in order to sustain electron
motion.
1. A&s the heat increases, electrons begin to
move from one orbital ring to another.
2. :iith each imove a Hole is left--hence, one has
what is known as electron hole pairs.
B. The motion is random in nature with the exceptien
of the applicatior of an electrical potential. |
1. A battery sets up such a field and if it were
possible, one would see the holes gravitating
toward the negative terminal of the battery.
Thus, doped semi-conductor materials are made
to maintain a controlled electron flow.
The electric fiald is carrier.
Electrens will gravitate toward (+) the positive
side of the field.
4, Hote the hole and electron flow are in opposite
directions, as in the diagram.

———
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I1. Hajority and n1nor1ty Car jers
A. Semi-conductor plus dOping impurities with extra
alectrons is called an fl-type crystal with electrons

as ma;orlty carrlers
Tj D fyna rvusf31c hava a an1ntappu OF alarndwn

T Wi VD!G
1i

pecause of trivalent impurities wh1ch establi
an excess of holes.
2. Donor Atoms - (Impurities with extra alectrons)
Ac%epgor Atom - {Deficient electrons which leave
noies
II7. 3atteries and "N" and "P" type crystals.

A. " Jote:  electron flov
S o can be reversed in a
“"{--ap\: _ P-type crystal by merely

i reversing the polarity.

"
1"

S
shes

Fig., 2 in a P- fype crystal, the
(~v)=§ RS2 hole (+) is the majority
v I : carrier.
b L §
AR
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Aruitoxt provided by Eic:
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B. UWhen the crystel is of the ™i-Twpe”, the Lattery
polarity may be reversed; however, one should
remember that the electron is the majority carrier.

IV, P-ii Junction
How does a P-:! Junction work? fhat action takes
place in the P-i junction?

l"‘;
[

----- ++] -ttt
wammntd | cntit
..... + | <ttt Fig. 3
----- +| <ttt
----- | —attt

“TIYPE  P-TYPE

A. The region in zhich both semiconductors are joined
is called a junction. It should be noted that a iunc-
tion is not a surface separating one material from
another; 1t is a region in which both materials are
atomically dissolved into one another.

8. A charge is actually developed at the junction which
has a repelling action on the flow of anything.

1. The electrons in the !l-type material cannot
inmediately flow to the P-tyne side because of
the already negative barrier on the P-type side
of the junction and visa versa for the hole flow.
(See figure 3 for barrier formation)

V. Forward and Reverse Biasing

A. If the internal field created by the charged atoms
along the junction is reduced by suitable means, the
flow of holes from P-type intc il-type material, and
electrons from the ¥-type into P-type materials will
pe promoted. A correctly connected battery will
accompiish this.

FOR!ARD BIAS REVERSE BIAS
M P ol 2
- - - ++ - - - ++
- - + ) - - - + | -
~1- - +{ - ++ | — e - + | - ++ |
- - + 1 - - - + |-
- - + - + + - - + - + 4
—— b ol
DIODE DIODE
{ }
-—--—-.._.“ ‘ \...,.. ’__________,____‘ i \ L r——
- + ~+ -
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B. Thz battery in Forward Sias opposas the internal
ciarge and increases electron flo:. The (-) units
are pulled through P-type material to the positive
side of the battery.

C. Rules for forward and reverse bias
1. If the dasign is to obtain flow of current

through @ junction, the power source should be
connected for forward bias which is with the
positive power source terminal connected to
the P-side and the negative connected to the
i#-side of the diode.

Z. However, if the design is to reduce curient
flow through the diode, the degrees of reversing
will eventualiy drive the diode to complete
cut-off, The power source terminals must be
cennected...Positive terminal to H-side of the
diode.

2. Biasing effect on current flow

) — 1, i#ote: the portion to the
Forward K] I right of 2ero current line
Amps Ar ot~ f indicates a current increase
! j with increase in voltage with
W/ forward bias.
i X - ] 2. The section to the left of
200 106 .40 10 20 zero depicts a steady current
/)qf/ - decrease with reverse bias.
Jener { Notg alsc that forward bias
— . produces amperes and reversg
_ Revgrge 31as is milliamperss.

Diode Symbols

g

E.

and Current Flow

* / - a,
= —— . :
et R D...
=g .................‘,. ~\l
Sa

3. Two types of current flow
orift = caused by battery
diffusion = natural electron and hole attraction
Rectification Properties of a diode
1. If an A.C. source is connected across the junc-
tion, the resulting carrier flow is high for
1/2 cycle and low for the other haif.
Thus PN or HP junction can act as a rectifier.
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cVALUATION AND OBSERVATION: current

STUDENT PERFORIMANCE ,
1. Student will select and connect diodes in low
voltage A.C. circuits and observe the pattern on
the scope.
2. Check current flow direction with series connect
ammeters.

UNIT EVALUATIO!:
1. lritten quiz on each division.
2. Simple power supply design

DEFINITION OF TERMS:

1. Semi-conductor - any material located in valence 4 bond
of periodic chart.

2. Co-valent bond - to share elactrons

3. qugard bias -~ + side of battery connected to + side of

iode.

4. Reverse bias - (-) side of battery connected to i side
of diode.

5. Zener - the reverse current flow GLreakdown point

REFERENCES:
Semi-conductor Fundamentals by Seidman
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4 SAil J0S: STATE COLLEGL
1 THDUSTRIAL STUDLES DEPAKTIENT

1968 JDEA INSTITUTE I IWDUSTRIAL -ATLRIALS

PRESENTED BY: John Gedker
Fairmont State College
Fajrmont, West Virginia

IWSTRUCTIONAL LEVEL: College
TITLE: Chemistry of Printing Inks
PRESENTATION TIME: 1 period

INTRODUCTION:

The ficld of nrinting inks is a vast complicated subject
involving huge sums of money in rcscarch and divelopment avery
year.  The major cmphasis of rescarch js in the field of chemi-
cal blending to obtain the desired ink characteristics.

This unit, thercforc, wiil introduce the chemistry involved
in the basic materials and processas in making inks.

OBJECTIVES:
. 1. Enablo students to obsarve and make samplcs of ink.

2. Epable students to understand the usage of various
materials in making ink.

3. Enable students to understand the molecular movements
and actions thai creatc phenomenon such as tack and length of
ink.

INTER-RELATION WITH OTHER 5UBJeCls:e

UNIT SUBJECT AREA: Graphic Arts Printing

IMTER-RELATION BITH OTHER SUBJECTS:

Scizncz: .olecular structurcs and movements of
materials involved in making inks.

Social sciznce: Tho complexities of indusirial
technologias are reflecctod in social science.

Physics: Principles of physics ar2 involved in dis-
cussing the physical characteristics and actions of ink.

.. USE IN INDUSTRY:

. The ink industry is & multinillion dollar industry and is

. increasing with the domends of now materials requiring drinted
surfaces,
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MATERIALS AHD EQUIPHEJT:
tiaterials: 1. Basic components of ink including various
pigments, vehicles, driers, and modifying
agents.
2. Various types of inks to show comparisons of
pnysical bropertics.
Equipment: The equipment can be sophisticated and include
a viscomzter, pigment grinder, etc., but with
a few tost tubes, ink plate, spatulas, morter
and pestel, and a blending device such as stoel
balls in a steel container and an agitator such
as 2 paint mixcr, the subject can be adequately
covered,

EDUCATIONAL MEDIA:
5 transparencics
4 dowonstrations
1 chart

UTILIZATION I} THE TEACHING-LEARNING ENVIRONMENT:

SAFETY:

1. Cortain materials used in making ink have a low flash
point and may cause adverse rcactions on contact with
a person's skin.

2. Hachinery used in blending ink mixtures may be unguarded
and safety precautions must be made concerning rollers
gears, etc.

PRESENTATION:
I. Ba ic HMaterials Tr. 1
A. Pigment
1. Inorganic
a. Carbon Black
b. White
c. Cclored
2. Organic
a. Molecular Arrangement
b. Classocs
B, ehicle
Drying oil
Zesin solvents
Alkyd varnishes
@loss varnishas
Plastic base

T OO —
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C. oOriers
1. Composition
2. Catalystic action
3. Crystaltization
4, Usagc
0. tedifiers
1. Anti skinning
2. Yax
3. Reducers
4, Solvants i
c. Extenders ‘
I, ManuiacLure(Oervz ow of Procadures ) T, 2 3
A. Selection of materials
B. #ixing \
C. Grinding Dem. |
D. Testing
I11. Drjs1ca1 Properties of Ink
A. Viscosity Tr. 3
1. Hhumbering system
2. iolecular forces Dom. 2
3, leasuremcent
B. Tack Tr. &
1. HMolecular conditions
2. Ink film scparations Dem. 3
3. leasurcments
C. Length Tr. 5
1. Holecular conditions
2. Relation of tack tc length Dem. 4
3. Measurcoment
D. Interralations of physical propertics
1. Body
Z. Consistency
IV. Specialty Inks (overviw) Chart 1
A. Job
3. Bond
C. Haiftono
D, Cylindor
E. iews
F. Lithographic
G. Specialty inks
EVALUATION AND OBSERVATION:

STUDENT PERFORMANCE:
1. Evaluation of student experiments in making inks.
2. Examination to dctermine the retention of
knowladge concerning chemical and physical proper-
tics of ink-making matarials.




UNIT EVALUATIONM:

An evaluation based on final tests can determine the
subject matter best retained and areas of greatest weak-
ness among students. The unit can then be changad to
better cover ireas of weakness.

DEFIMITION OF TERMS:
1. Viscosity - Resistance trom intarnal molecular <tructurcs
of a Tiquid to flow.
Tack - A mcasure of "stickiness”
. Length - An ink may be Tong or short depanding on how
Tong a string of ink can be formed by drawing a finger
up from the ink surtace.

G N

4. Opacity - The hiding or covering qualities of an ink.
5. Transparency - Does not havi great hiding powaer.
6. Body - A1l arcund evaluation of an ink including taci,
Tength, and viscosity.
REFEREHCES.
: STUDENT:
A 1. Polk, Raiph, The Practice of Printing, 1964.
F. ] 2. Cogoli, John, Offset Fundamentais, 1968.
P 3. Karch, Randoipoh, Printing and the Aliied Trades, 1962.
; TEACHER:
i 1. Lithographic Tachnical Foundation, Chemistry of

Lithography, 1961.
2. ASTi #anual on Coatings, Part 21, 1267 ed.
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SAN JOSE STATE COLLEGE
INDUSTRIAL STUDIES DEPARTMENT
1968 HDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED BY: John Gedker
Fairmont State Colleqe
Fairmont, “‘est Virginia

INSTRUCTIONAL LEVEL: College-Technical Education
TITLE: Strength and Durability of Paper
PRESENTATION TIME: 1 hour

INTRODUCTION:

Strength and durability of paper is usually tested
under five general situations: bursting, tearina, folding,
abrasion, and tensile strengths. This unit will deal with
the first four of these general testing situations. The
unit will include explanations of typical machines, and the
theory that they operate on as well as the factors affectinag
the various strength factors.

OBJECTIVES:

8 1. To show various physical pronerties with the
following paper tests:

a. bursting

b. tearing

A ¢. abrasion

f d. folding

2. To enable students to better understand typical
testing procedures, and the industrial uses of
aucn tests.

To enable students to design and use simple
testing devices in their own environment.

INTER-RELATION WITH OTHER SUBJECTS:

<o
L]

HNTI SUBJECT AREA: Paper (Strength and Durability)

INTER-RELATION WITH OTHEPR SUBJECTS:
science: ~icro structures of paper
Physics: “echanics of testing machinery
Mathematics: charts, ~raphs, and the interpretations
Social Science: manufacturing and economics of
industry

USE IN INDUSTRY:
Testing procedures are used by all industrial comsumers
of paper. Tests and procedures vary according to individual




<2

i uses, ~ut ali major consumers have testing facilities of
| scme type.

MATERIALS AND EQUIPMENT:

. Equipment: materials to construct it,cr conventionai
testing machines for the four basic tests involved.
“aterials: various types of paper for testing purposes.
.+ standard or similar weight of paper to make valid
comparisons on, and a sampling of ground wood paper,
chemically prepared wood pulp paper, and a rag content
% paper (25% and 100%).

EDUCATIONAL MEDIA:
3 demonstrations: bursting, tearing, abrasion
1 chart: comparisons of papers to show folding
characteristics
9 transparencies:
conventional bursting machine
homemade bursting machine
fiber strength comparison
theory of bursting tester
conventional tearing tester
nomemade tear tester
tensile compared to tearing
nomemade abrasion tester (theory)
homemade foldino tester (theory)

UTILIZATION IN THE TEACHING LEARNING ENVIRONMENT:

v

WOONOYW.HWN —

PRESENTATION: Strength & Durability of Pacer
[ Bursting Strength of Paper
Definition
Machines
Conventional .....iviiiiirerrnenecnnnnnns Tr, 1
Principles of operation
Homemade device..iiciiivenrenneeeenecncennns 2
Factors affecting bursting strenath
Interfiber bonding
Fiber strengti. .. iiiiiiieenenieereennnnnns 3
Ratio of machine-~-cross arain...coeeeeseeccss 4
Stretch
Bursting ve. Tensile strengths (demonstration #1)
II Tearing Strengths of Paper
Detinition
Machines
Conventional..eveeereniennennnnnnss Ceeeeens 5




ERIC

Full Tt Provided by ERIC.
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Principles of Operation
Homemade devices...viuivnninenennnevnnnnn...
Factors affecting tearing strength
Cooked nulp
Bleached puln
~cidity (demonstration #2)
Interfiber bonding
Tearing vs. Tensile
Comparison of fiber qualities.......... Ceeee
Comparison of bonding fibers
IIT Abrasion Resistance
Definition
ACRTINES vttt iiineennnnnnns Settecesecnn .
Preperties tested
Abrasion
Scuff (demonstration #3)
Erasibility
IV Folding Endurance of Paper
Definition
T 1<
Fiber length
Sizing and filler materials (chart #1)

EVALUATION AND OBSERVATION:

STUDENT PERFORMANCE -

ttudent experiments with conventional or self
designed testing devices.

Student achievement on examinations concerning
the physical properties as they relate to the
strength and durability of paper.

UNIT EVALUATION:
Student Achievement

Pre-tests and post-test to evaluate amount of material
learned.

DEFINITION OF TERMS:

Interfiber bonding: the relationship of individual
fibers with each other

8




Fiber strength: the characteristics of each individual
fiber relating te its composition, size and
chemical treatment

Machine grain: the fibers align their lenath with the
direction of travel of the paper machine.

PEFERENCES:

STUDENT :
1. Cogoli, -lohn. Photo Offset Fundamentals.
1968. (second edition)
2. Polk, Ralph. The nractice of printina.
1964, Chapter 18.
3. warch, "andolph. Printing and the Allied
Trades. 1962. Chapter 20.

TEACHER:
1. Critt, Yen. Tuln and Paper Technoloay.
1964. Chapter 2 and 14,
Z. Libby, Earl. Pulp and Paper Science and

Technoloay. 1962. Chapter 15,
3. A.S.T.M. 1967 Manual #15.




Qoo W W PR MG

o BEFORE  AFTER

2 @

CHEMI{AL

FOLDING
QUALITIES

REFORE APTER

| ACFARE AFTER

4 [ Y [
GRWND WD RAG CONTENT |
o

A —°C HART




—
S

N\

Si .

o—

LR YU 6 — TR # 2




i
v
\\\\ i
*
7

TININVIM  SYIF/o — \
\\ \\\ 7 oy %sT

\\
FENLINY YIS WILAVYS — S \ ﬁ
TYOINIHD W
\ 4
LNy YIS FLITdWOD — \\J\\N |
77 7 WIINVYHIIW

CHLONIHIS ONILSUNEg

C—
— ey VAR e e R




PENETRATION OF APPLIED
FORCE IN A CIRCULAR
AREA
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BURSTING TEST SHOWS THE
RATIO OF-MACHINE AND CROSS
DIRECTION AT ONE TIME
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INTERBONDING THROUGH BEATING PULP
IMPROVES TENSILE STRENGTH

BUT

BEATING REDUCES FIBER LENGTH AND
TEAR RESISTANCE

NOW WHAT?

ARTIFICIAL BONDING AGENTS AID
BGNDING AND REDUCE BEATING TO
RETAIN LONG FIBERS
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SAM JOSE STATE COLLEGE
I*DUSTRIAL STUDIES DEPARTHENT
1968 MDEA IWSTITUTE IN ITDUSTRIAL MATERIALS

PRESEHTED BY: John Gedker

Fairmont State College
Fairmont, 'lest Virginia

LISTRUCTIONAL LEVEL: College-tachnical Education
TITLE: Tensile Strenath of Paper
PRESENTATION TIME: 1 hour

INTRODUCTION :

Strength and durability of paper is usually tested under
five situations: tensile, bursting, tearing, folding and
abrasion. This unit, however, will deal with tensile strength
only, and the effect of paper grain, content, sizing materials
and other variables.

0BJECTIVES:
1. To show differences in tensile strength when
a. the grain runs opposite.
b. pulp content varies
2. To discuss the surface strength of papers (transverse
tensile).

3. To understand the terms and types of machines in testing
tensile strength.
INTER-RELATION WITH OTHER SURJECTS:
UNIT SUBJECT AREA: Paper-Tensile Strength

INTER-RELATION WITH OTHER SUBJECTS;

Science - tlicro structuras of paper
Physics - tlechanics of testing machinery
Math - Charts and Graphs interpretation

Sircial © “ence - Manufacturing and Economics of industry

USE IN INDUSTRY:

The producers and consumers of paper from a large percent of
our total industrial society.

Paper is used for packaging, protecting, and writing,
including ofher uses such as insulation, building paper, laminates,
etc.




MATERIALS:
Various types of papar:
1. ilewsorint - itechanically ground paper
2. Chemically ground paper
3. Rag content paper

EQUIPHENT:
iaterials to construct a simple version of a tensile tester
OR
A commercial tensile tester designed for paper testing.

EDUCATIONAL MEDIA:
1. Handout Sheet (General Outline)
2. Charts
3. Transparencies
4. Demonstration of tensile machine

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT:

SAFETY:
1. Precautions in the use of commercial or home
made tensile testing devices.
2. Fast rate of loading may cause an undesirable
reaction within the device.

PRESENTATION:
Paper Technology Visuals
Tensile <“+ength
I. Intioduction Handout

Definition of tensiie strength
Importance of tests
Types of tensile tests
II. HMachines
Standard commercial tester Tr. #1

Speciality paper tensile tester ¥2
Methods of recording data #3
Stress
Strain Chart A
Scales used
Home made tensile testers #4
III. Preparation of samples #5
Conditioning
Humidity control
Hysteresis
Cutting #6
Size
Standards
Rate of loading Refer to #3




Elasticity
Plasticity
IV. Factors affecting tensile strength
Papner grain
Formation
Importance
Hand methods of detection #7
Paper types
Fibers
Strenath
2onding
Length
Orientation
Pulp Characteristics
Pulp and grain comparisons 48 3
Surface strenaths |
Paper finisn Chart 8
Tests
Hax pick
Ink pick

Nemonstration of
tensile tester

EVALUATION AND OBSERVATIOi:

- STUDENT PERFORMAUCE:

1. Student experiments in testing tensiie strength
of paper

2. Test on knowledge of paper characteristics referring
to tensile strengths

SIIT EVALUATION
Pre test -- determine previous knowledge
Post test --to determine areas that were presented
noorly or not presented at all.

DEFINITION OF TERMS:

1. Elasticity - the amount of stress and strain that a
material may take and still returi to a normal shape
Hysteresis - the relation of moisture content of paper
and the relative humidity.

Paper Grain - the alignment of the paper fibers in the
divection of the travel of the web of the paver machine
Plasticity - the amount of daformation beyond elasticity
until a fracture occurs in the material

Strain - distance that the material stiretches in tensile
testing

6. Stress - pounds of pressure applied in tensile testing

7. Tensile - a combination of stress and strain of a material

alnal A

& 2 T ~ S % B A

| ERIC




REFERENCES:
STUDENT:
1.
2.
3.

TEACHER:
1.

2
3.
4.

-4-

Cogoli, John. Photo Offset Fundamentals, 1958 Ed.
Polk, Ralph i, The Practice of Printing, 1964,
ch. 18.

Karch, Randolph, Printing and the Allied Trades,
1962, ch. 20.

Britt, Ken. Pulp and Paper Technology, 1964,

ch. 2, 14,

Libby, Ear]l C. Pulp and Paper Science and Technology,
1962, ch. 15.

ASTH4 Manual #15, 1367.

Johnson, Everett. Strength Tester, 1967 HDEA

Jaterials Institute.
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INDUSTRIAL MATERIALS STUDY
IATRODUCTION TO PETROLEUX

Tha term petroleum and oil are many times used to mean the
same thing, but this is not the case. &ile arc liquids that
may be obtained from scveral sources, such as plants, animals,
fish, and also petroleum. Petroleum itsalf is the oil that
is chtained from the earth. Early in its history it was named
rock 0il which in Latin is petra oleum which became the tarm
pctroioum. .o

Patroleum as it comes from the earth in its crude form is
generally a dark colored liguid, but this can vary greatly
from a colorless. odoriess, gas known &s natural gas to a dark
solid known as natural asphalt. A form of patroleum can even
be obtainecd from matarials such as oil shalz, gilsonite, and tar
sand. Thesc materials can be found in many different arcas of the
world.

r—.

In its broadest sensa, the term petroleunm covers many |
materials. Howaver, to the petroleum industry the term means ’
2 1iquid raw material from which 2 refinery makes hundreds of !
different products.

‘ I. Chemical Composition

] An. Petroieum Hydrocarbons
- 1. Structure of a nydrocarbon molecule
. a. carbon atom

5. Hvdrogen atom
! ¢. Valence
d. Bonding
2. Charactoeristics and size of molccuie
~ PN
Lee \JL.S
b. Liquid
c. Solid

3. 1somers

2. Thousands of known isomers

b. #illions theoretically possible
4, Paraffin hydrocarbons

a, Saturated molecules

b. Straight chain structure

c. Chemically inactive
5. Olofin Hyarocarbons
a
b
C
i

a. Unsaturatod molecules

. Chomically active and unstable
. Raw material for petrcchemicals
aphthene hydrocarbons

a. Saturated molecule

b. Closed ring or cycloparaffin
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Arometic Hydrocarbons

Unsaturated molecules

Ring structure mclecules

. Stanle solvents

ther petroleum constituents and impurities
Suiphur comoounds

Hitrcgen compounds

Jdxygen compounds

Metal compounds

. Mineral salts and water

A.O T OO T w

B. Synthetic Hydrocarhon Compounds
. Products from petrslzum hydrocarbon nuaber 3,000 or

more.

2. Cracking and production of patrochemical bases.

3. Comparison of petroleum and coal tar in production
of synthetics.

4. Examples of synthctic products
1. THT
. Orlon
c. Anti-trecze
d. Dacron
e. Nylon
. Cellaphane
J. Photo film
h., Teflon
i, Mylar
J. Plexigiass
k. Lucite
1. Butyl rubber
m, ileoprene
n. DDT
0. Detergent
p. Many others

IT. Crude 0il

A,

Occurrence of Petroleum

1.
2.

Second most plentiful liquid in the world.
Potroleum formation

2. drganic tissue

. EXact process not known

. Zearing rock formation

ocation within earth's structurc

. ilarine sediment

. Rock of marine origin

. Sea life

. Tissuz not dccomposed by oxygen

b
C
L
3
b
C
d
. Porous rock called reservoir rock
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f. Sandstonc and limcstone
g. Source stone and traps
Trags

2. Anticline

. Salt dome

c. Fault trap

d. Stratigraphic trap
Aijor arca locations

2. Texas and Gulf coast

b, Middie Zast

c. Horth Amevrican Mid-continent

Petrolcum Exnloration

1.

oM

5.

Jil exists whare there is no trace on the surface
to indgicate it.

Some surface may give 2 clue.

Ho positive Tocation nethods

Geological technology

2. Te¢lls waere 011 might be

2. Underground formations

c. JSaismic surveying

d. Gravitymeter Surveving

e, rlagnetometer surveving

Well Togging

Orilling for Petroleum

1.
2.

3.

NI OY U1 s

deil depeh range from near surface to 20,000 foet.
Cabie tooi drilling
2. Uriginzted in China conturies ago

u. Pounding action

Rotary drilling

2, Jeveloped ebout 15900

b. First well in Toxas 1901

Cc. Ten timos faster than cabloe

d. Rotary cutting or grinding action
Harine drilling

Coring

divectionzi drilling

Completion of 2 wall

a. Flow tast

b. Fracturing

Production

1.

Gy MWLM

Gas cap drive

Dissolved-qas drive

Water drive

Secendary racovery

Artificial 19Tt

i1, gzs5, and water separation




E. 0il Shale
1. Large deposits in Colorado, Utzh and tyoming
2. Yield - 2 barrels per ton
3. Kerogen is unlike crude ofil
4. Processing not yct economiczl
III. Petroloum Refining
A. Distillation
1. Simple distillation (carly process)
a. Shell stills
b, Rarun
C. Continuous distiliation in shell still
2. Fractional distillation (modern)
a. Pipe still furnace
. Bubble tower
. Bubble caps
. Tempurature gradient and fraction boiling range
. htmospheric distillation
. Vecuum distiliation
g. Stripping and rerunning
Refining Gasoiine
1. Crocking
2. Catalytic Cracking
3. Reforming
4. Folymerization
5
5
7
8

~H OO T

(A

. Alkylation
. Isomerization
. Octane numbers
. Additivas
5. Gasolinc blending
C. Refining Tubricating 0ils, Jaxes, and Grezses
1. Deraxing
a. Cold Prass
b, Filtration
2. Solvent Zxtraction {impurities)
Phenol treating
+1quid sulphur dioxide trzating
Furfurai treating
rropan2 de-asphaiting
Juoscl procoess
Tvent dowaxing
Solvents
(1) naphtha
(2) Propanc

o 80 oo O U g

(3) Sulphur dioxide

(4) Acetonc benzzne

(5) 3arisol

(3) Mothyl-cthyl-ketone (MEK)
b. Hot and cold solvent treating




tax manufacture

DU o

v

D.
c.
d.

iax sweating
Wax rccrystallization

rease hiznufacture

Lubricating o171 with thickening agent
(1) Lim soap greases

(2) Soda soap greascs

(3) Lithium and barium soap greases
Cold sot greases

Batch manufacturc

Continuous manufacture




SAN JOSE STATE COLLEGE
INDUSTRIAL STUDIES DEPART™ENT
1968 NDEA INSTITUTE IN INDUSTRI~L MATERTALT

PRESENTED BY: Ned Ellisworth
Cortez High School
Phoenix, Arizona

INSTRUCTIOMAL LEVEL: High 5chool
TITLE: Experiments with Lubricating 0ils
PRESENTATION TIMF: 5 heours

INTRODUCTION:

1t is important that everyone has generai information
as to how various materials are used to reduce friction and
the advantages that cne may have over another. Lubricants
have many important functions in an automobile and other
types of machinery. The study of Tubricants invelves the
various desirable properties a lubricant must nossess in
order to accomplish its purpose. Such problems as viscosity,
flash and fire points, pour points, load carryira character-
istics, oxidation characteristics, the role of various
additives and/or detergents, should be taken into account
when lubricating mechanisms. As we study Tubricating oils we
should concern ourselves with the workina environments that
they work in and wnecessary modifications that are necessary
in order for the oils to perform.

OBJECTIVES:
1. To show what wetting is and the wetting abilities
of different petroleum products

2 To show the flash point of 0il and make this
concept morc meaningful

3. To show the foamine action that can take place in
a crankcase

4. To show the effects of pressure on the load car-
rying ability of oils

5. To show visually what viscosity is

6. To show thc effect of temperature on the viccosity
of oil

7. To teach to the student the importance of proper
maintenance of mechanical eauipment

8. To help promote interest and motivation toward

further study and investigation in the field of
lubricants
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INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Automotives

INTER RELATION HITH OTHER SUBJECTS:

Metals people must become theroughly versed with
the working mechanisms of lubricants, especially
such mechanisms as adhesion, cohesion, heat flow,
temperature tolerances, compatibility with the metals
being worked, possible chemical reaction, and possible
fluid degradation due to improper cleaning or treatment.
In addition, the typical oils, mixtures, emulsions
and other special compositions should be studied in
terms of their respective values and graphic arts areas.

USE IN INDUSTRY:

The fundamental principles of reducing friction when
moving parts are nut into motion is of interest to both
industry and society. For example, we may lubricate the
Tock on a car door with a liquid and thus cause a dust
collection probiem; on the other hand, the same door lock
could be lubricated with a solid Tubricant such as grarhite
or granular teflon without causing a soiled condition.

The knowledge of viscosity of oils, load carrying
capacity, flash point, additives, detergents, and oxidation
characteristics, help the tecanicians of jndustry to choose
the proper oils for given situations, thus preventing
many expensive breakdowns.

MATERIALS AND EQUIPMENT:
motor oil - 10, 20, 30. stand to nhold beakers
10-39, 40, cne qt. ra. viscosity measuring cup

additives- STP, etc. stop watch

cutting oil rags - 1/2 doz.

bunsen burner asbestos gloves

wetting tester - picture  small piece of alass 4x4
included one pt. gas

eye dropper drill press

stir sticks torque wrench

blendor load testing device -

overhead projector picture included

small funnel flash tester

400mm beakers - 6 (small test flame)

thermometer stand to hold

hot piate thermometey




FDUCATIONAL MEDIA:

Overhead transparencies: (graphs)
Temperature vs. ‘iscosity
Load vs. Torgue

Educational films:
Frontiers of Friction
Pressures in Fluid at Rest
0i1 Films in Action
Refining 0il for Energy

UTILIZATION I¥ THE TEACHING LEARLING ENVIRONMENT:

SAFETY:
tise asbestos gloves when moving the beakers in
the viscosity and temperature tests.

PRESENTATION: |
First Day: f
1. Introduction
A. Opening Pemarks
B. Content of uUnit
2. Film
A. Frontiers of Friction
B. 0il1 Films in Action
3. This first day will probably be omitted if
this unit is preceded by other units on
Petroleum products.
~econd Day: wemonstrations (by instructor)
1. Wetting
Wetting is the action a liquid has on the
surface of a solid. An example showing the
need in this unit is that of oil clinging to
the different internal parts of an engine.
In order to understand this orinciple better
a simple demonstration using the unit shown can
be performad.

Using an eyedropper drop small quantities of
water, motor oil, and cutting oil on the
heating test unit. Use different weights of
motor 0i1 with and without additives. WNote how
the materials react to the heated metal. Some
bounce off (water) some spread quickly, some
slowly. Those that tend to spread and not




haanil

2. Foaming
Foaming takes place wher 0ils become mixed
with air. This situation can and does take
place in the crankcase of engines. This test

is to determine the foaming characteristics of
Tubricating oils.

This test can be accomplished with a blendor
and various brands and weights of motor oils.
1150, additives may be used. "our a quantity
of specimen in the blendor and agitate it

‘or a specified time (usually till some op

all samples foam). Pour specimen in test

tube and let stand for a certain amount of
time. Then brands and weichts can be measured
to see which will come back quickest after
foaming.

3. Flash test
The flash point is the lowest temperature at
which application of a test flame causes the
Yapors above the surface of the liquid to
ignite, This test is performed on petroleum
products and is used to ascertain volatility,

The test cup is filled to a snecified level
with the sample. The temperature of the sample
1S increased rapidly at first and then more
slowly. ..t specified intervals a small test
flame is passed across the cup. The Towest
temperature at which the vapor will ignite is
taken as the flash point.

Third Day: Student Experiments (Yiscosity & Temp)

Viscosity is a very important characteristic of
lubricating oil. Some properties of engine o0ils that
are related to viscosity are: startability at Tow
temperatures, rate of 011 consumption, cfficiency as
a cooiant, etc.

The test apparatus should be set up as indicated in
the included picture. Fi11 a beaker 3/4 full with the
first sample and check with viscometer and stop watch
at room temperature. Then begin heating the sample and
recording the temperature at 100, 200, 300 & 400 degrees.
Then continue through the spectrum of samples. The
results can be compared more eacily if the resylts are
tabulated in the form of a graph.
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Fourth Day: Student experiments (load test)

To perforim this test, construct a testar as shown
in the picture. Insert test pin apg bearings into the
tester and fill the recess around the test pin with the
0il to be tested. Then tighten the bolt finger ticht.
Aliagn the test pin carefully into the test pin holder
which is mounted in a drill press. “lamp the tester
to the dvill press table. Set the drill press for a
speed of approximately 600 rpm. “tart the drill press
and every ten seconds abnly more torque to the bnlt.
Record the torque readina and the pressure. Zontinue
this procedure urtil the oil breaks down causina the
test pin and bearing to seize which in turn will break
the test pin. Repeat this procedure with various types
and rated oils. ndditives can be added also,

Fifth Day:

The fifth day can be used to finish experiments,
tie Tocse ends together, or give a urnit exam. If
this unit will be followed with other units on
petroleum products this day could be left out.

EVALUATICN AND OBSERVATION:

STUDENT PERFORMANCE :

1. What effect do additives have on the load capacity
of 0i1?

2. Is viscosity related to load capacity?

3. Is a 19-30 superior in all cases?

4. Can 20 weight oil be used as an all purppse ¢il?

5. Is the flash and fire point the szame for some

products?

What is the difference between the flash and fire

points?

What causes foaming?

Are the wetting characteristics the same for all

petroleum products?

UNIT EVALUATION:

1. Subjective examination.
2. Visual examination.

3. Student experiments.

&, Student feedback.

(w))

00 ~4

SEFINITION OF TERMS:
1. TFoaming: the presence of air bubbles in oil
2. Flash: the point at which application of a test
flame causes the vapors above the surface of a
liquid to ignite




3. Viscosity: = measure of a liquid's resistance
to flow

4. uetting: the action a liquid takes on the
surface of a solid in spreading out and filiinn
and covering the valleys and peaks.

REFERENCES:

STUDENT :
‘uto Mechanics Fundame: tals, Stockel. Goodheart-
Wilcox. 1963.
~STM Standards, "art 17. American Society for
Testing Materials, "hiladelphia, Ps. ]
TEACHER:
Engineering Materials Handbook, ““antell.
“cGraw-Hil!. 1958.
Handbook of Petroleum Asphalt and Natural Gas.
"~ Koy CRoss.” 1931. Kansas City Testing Lab. ]
.aterials Handbook, ‘rady. “chraw-Hill. 1956, ;
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SAN JOSE STATE COLLEGE
INDUSTRI L STUDIES DEPARTMENT
1968 MDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED BY: L. YWayne Dickerson
Senior High School
Lindsborg, Kansas

“ INSTRUCTIONAL LEVEL: Jr. High, Sr. High, College
TITLE: Flash & Fire Points of Engine Motor 0ils
PRESENTATION TIME:

INTRODUCTION:

“lash point, the tempcrature at which vapors form a
flammable mixture with air, is one indication of the
volatility of petroleum products. Tt is useful in the
identification and claasification of products, and is an
important control test in refining operations.

Fire point, the temperaturg at which the vapor will
ignite and burn steadily, is now of less importance except
in the classification of the heavier petroleum products.
To be reproducible and meaningful, flash ard fire point
tests must be under strictly specified and closely controlied
conditions, in specified apparatus of special desion.

OBJECTIVES:

1. To show this concept of flash noint and fire
point in a mere meaningful way

2. To show the affects of different temneratures on
the lubricating oils and other iiquids. (Materials
other inan ilubricating oils may be tested in this |
manner, i... kerosene, asphalt..)

3. To promote interest and motivation toward further
study in the lubrication fields.

INTER-RELATION WITH OTHER SUBJECTS: |
UNIT SUBJECT AREA: Power Mechanics

INTER-RELATION WITH OTHER SUBJECTS:

The Metal field could use this unit as well as
Vocational Agriculture. Many of the cutting tools
operate at fairly high temperatures. The Science
classes can use this experiment as a means of
breakdown on lubricating oils. The use of this test
can clarify friction, expansion, and load bearina
characteristics of fluids. Also for studying corrosion.




USE IN IMDUSTRY:

0i1 must act as a coolant to assist in carrying away
a great deal of heat that is built up by friction. Friction
cannot be eliminated so industry is constantly in search of
a better means of reducing this friction. This test provides
2 means of end testing cn this lubricating material,

MATERIALS AND EQUIPMENT:

The equipment used in this unit is such that any
teacher can build up to run a satisfactery test. " copy
of the required equipment is enclosed.

1. Set up of equipment as designated on sketch

2. Samples of varicus brands of o1l

3. Samples of various weights of oil

4. A protective shield to place around equipment curing
the test

5. A suitabiz time piece with second hand to record
the times

6. Set up should be set up nzar an exhaust fan

EDUCATIONAL MEDIA:
Film: Refining 0il for Energy, "merican 0il Co.
Transparencies: Distillation and Fractionization

UTILIZATION IN THE TEACHING LEARMING ENVIRONMENT:

SAFETY:

1. Pretecting shield around 3 sides of equipment

2. txhaust hocd with adjustable draft

3. ‘chestos card close at hand to extinguish the
flames

4, .sbestos gloves to protact the hands

5. Safety glasses

PRESENTATIGN:
Typical student experimentation or teacher demonstration.
However, as in all student experiments, the teacher
should first clearly demonstrate the following:
Flash Point:
1. Place the heater, tester and protecting shield
on level, steady table, in dim light
2. Ysing a graduate, and taking care to avoid wetting
the cup above the final 1iquid level, -easure
50 mi+ C.5 of the sample into the test cup.
Both The graduate and sample should be cooied,
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if necessary, so that the sample temperature at
the time of measurement is at least 20° F below
the expected flash point. It is essential

that the samnle temperature be maintained at
least 20° F below the expected flash point during
the transfe~ from the sample container to the
graduate and from the graduate to the test cup.
Destroy air bubBles on the surface of the samnle.
Place the thermometer vertically halfway between
the center and edge of the cup and secure it
fimly so that the bottom tip is 1/4 inch from

the bottom surface of the cup.
Light the ignition flame, and adjust it to form
a spherical fiame matching in size the 5/32
sphere on the apparatus.

'pply heat under the test cup, and adjust it
so that the temperature of the sample increases at
a rate of 2° + 0.5° F per minute
NOTE: :ith heavier materials this rate of heating
cannot always be obtainad

Letermine the approximate flash point by passing
the taper flame across the sample at intervals of
2° F. The time reauired to pass the ignition flame
across the surface of the sample should be

1 seccrd
NOTE: If a film should form on top of the
sample, it should be distrubed mechanically each timao
before the taper flame is passed.

Racord this test and then repeat the procedure

by ccoling a fresh portion of the sample, the

test cup, and thermometer to at least 20° F below
the approximate flash point. Resume heating, and
pass the taper flame across the sample at two
intervals of 5° F and then at intervals of 2°F
until the flash point occurs. Record this
information and standardize the results using at
least three recorded tests, other than the

initial test.

Fire Point:

1.

D

Continue the heating so that the sample tem-
nerature increases at a rate of 10°F# 1°F per
minute,

Pass the taper fiame over the sampie at §°F
interva1s, unitl the cil ionites and continues
to burn for at least 5 seconds. Tecord the
temperature -t this point as the fire point of
the oil.

Ny TR
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. eneat the above test, so as to have three tests
other than the initial test and set up as
standard.

Observations:

1. wuestions to be answered during the experiment:
a. What effect will viscosity have on the

flash and fire point?
b. Why 1is ti.e volatiiity of npetroleum products
important?

2. .reas for Additional Study:

4. hat is meant by viscosity?
b. What other properties of oil are imnortant?
c. i'cw might they effect enaine performance?

EVALUATION AND OBSERVATION:
¢TUDENT PERFORIMAMCE:
1. Run flash and fire test
2. .ecord performances of various arades of oil
. iand in results of test for lahoratorv experiment
HIT EVALUATION:
. Check and recheck for weakness in unit
. Study and improve test equipment
. Check results of large lubrication test to
determine the value of the experimental testing

3
U
1
2
3

DEFINITION OF TERiS:
rlash Point: the temperaturs at which vanors form
from Tubricating oils mix with air to a point
whera volatility exists.
Tire Point: the temperature at which the vanor
will ignite and burn steadily

REFERENCES:

STUDENT
1. Refining 0il1 for Energy - 'merican 0il Co.
2. “isher/Tag #anual for Inspectors of Petroleum
3. STM, Standards, Part 17, 1967

TEACHER
ASTH Standards, Part 17, 1967
Fisner/Tag ianual for :nspectors of Petroleum
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SRl J25E STATE COLLLGE
IDUSTRIAL STUDIES ufEPARTHEXT
1268 {DEA INSTITUTE I INDUST. I°L MATERIALS

PRESENTED BY: Roger L. Barnes
Horace Mann Junior High School
Colorado Sorings, Colorado

INSTRUCTIONAL LEVEL: 7th and 8ti Grade
TITLE: Fractional Distillation of Crude 011
PRESENTATION TI.it: 39 to 40 minutes

THTRODUCTION:

Refining of petroleun consists beyically of separating
crude oil into parts or fractions and thcn treating or changing
these fractions as needzd to make them into the wmany different
netroleum products. ilest of these products such as kerosene, fuel
oil, lubricatine oil and waxes are fractions of crude petroleum
which have bocn treated to remove undesivabla components. Other
oroducts have, in addition to na2ing treated, had other things
added to thom to mak> them mora useful. /n cxample of this is
adding scap to lubricating 0il te make arcase. There is stilld
a third ¢roun of products which does not come from crude petro- ,
leum as a fraction, put takes the fractions and changes them to
create products which are totally or in part synthatic.

Fractional distiilation is the first step in this refinement
process of crude petroleum. The nature of the fractions obtained
from this step depends on the comnosition of the crude petrolcum
and on the tvpes of finished products nzeded. 5Some crude oils do
not contain hydrocarbons which will produce all of the needed
products. Some crude oils will have a nigh percentage of iight
oil and ¢as while others wiil have more lubricating oil and
asphalt. :lso not ali fractions can be obtained at the same time
because of the overlip in their boiling range. This makes it
evident that obtain.ng a quality finished product from petroieum
is a complex procass.

JBJECTIVES:

To giva the student information about fractional distillatign
as used in petroleum refinement.

To make the student aware of tha complexity of petroleum and
the problems in refining it.
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INTER-RELATION WITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Power Mechanics

LITER-RELATION #ITH OTHER SUBJECTS:

xefining petroleum is a question of the chemical and
phys1ca1 handling of it to produce a finished product. So
in refining as with the total field of petroieum the sciences
are put to practical use. Studying petroleum in tnis
light should offer the student a ¢reat deal of reinforcemant
in his study of science.

In indusirial arts, a knowladge of patroleum and
petroleum products should heln the student to make wiser
selections and use of these many products.

USE I INDUSTRY:

A1l industries use one or many of the products derived from
petroleum. It furnishes fuels to produce power, lubricants for
the machinery, and many of the chemicals and products used as
rav materials. The relationship of petroleum products and indus-
try is s0 close that without tnem nearby, everything would come
to a stop. So it can be zaid that petroleum is one of the base
materials of our technological society.

JATE! IALS AND EQUIPHENT:

Overhead projector
Movie projector

Slide projector
Demonstraticn Equipment
pistillation tube
500 ml. flask

two 100 ml beakers
300 ml. Lbeaker

300° F. thermometor
Heat source
Solution

a. 50 ml. alcohol
b. 50 mi. water

c. 1 teaspoon salt (MaCl)
d. Food Color

cuc‘)wn—»

SO O = Gy O

cDUCATIUNAL HMEDIA:
A,  Set of two transparencics
B. Set of 35mm slides
C. Films (suggested)

ER&C

Aruitoxt provided by Eic:
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1. Refining 0i1 far Energy
Z. 0i1 - the Invisible Traveler
3. The Story of 0i1 Marketing
4. Pattern for Chemicals
5. Crude 011 Distillation
Shell 241 Company
50 lWest 50th Street
dew York, ilew York 10020
6. The *hy of Automation Lubrication
7. Lubrication

Y.S. Cepartment of Ianterior
Bureau of Minas
Interior Buildine
Hashington, 0.C. 20240

8. D11 Filws in Action
General liotors Corporation
Public Relations, Film Library
Jetroit, Michican 48202

JTILIZATION I THE TEACHING-LEARNING ENVIRONMENT:

SAFETY:

In any discussion of petroleum and petroleum products
1t should be stressed throughout that thsy can be dangerous
materials. For example, rost of the materials are flammable
and will ignite easily. Hany others are highly exnlosive.
Also, with the gaseous materials Zhare is the danger of
asphyxiation. This is egually trus with carbon monoxide
wiicn is the by-product of corbustion of hydrocarbon fuels.
Therefore, when working with hydrocarbons in most forms it
is wise to exarcise caution.

PRESENTATION:
1. Simple Distiilation

&. Ancient Origin

b. First usced to make Tiqueur

¢. Separation of two or more liquids with different
boiling points

d. Complete separation cannot be accomplished in
one run,

€. Redistilling for pure product.

. FEarly refining of crude oil

g. Shell still

h. Batch method

i. Slow and inefficient method
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2. Fractional Distillation
a. frirst used to make whisky in 1831
b. Difficult to use with petroleum because of its
complexity.
c. First attempt was a series of simple stills one
on top of another.
d. Bubble tower or fractionating tower

(1)
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3. Refining

Series of trays or piates.

Tenperature gradation - "hot at bottom;
cool at top

Light gases move up - heavy ligquids agve
down

Feed can be anywhere up or down the tower
Reflux

Bubble caps and wears

Tapping trays

Steam distillation

Yacuum distillation

Up to fiTty thousanc barrels a day

still heater

is mech as a mile of pipe

Large furnace

High temperature (750° F.)

Under pressure

Vaporizes most but not all of the crude
(60% to 70%)

111 handle 25,000 barrels a day

a. Gas processing

b. Reforming

c. Cracking

d. Redistilling

e. Solvent extraction
f. Soivent dewaxing

J. Hvdrofinishing

h. Max crystallization
i. Asphalt processing

EVALUATION AND OSSERVATION:

STUDENT PERFORMANCE:

1. Quiz

a. Hhat is the reason for having a fractionating
towar?

b. ihat makes it possible to separate crude o0il
into parts?

©
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c. What does a pipe still do?
d. Does automobile gasoline come from the
fractionating tower?
e. Define distillation.
2. Observation of student responsé to presentation of
the unit.
3. Observation of student response to the demonstrations.

UNIT EVALUATION:

1. Item analysis of the auiz.

2. Student responsa and interest in the unit and demon-
stration.

3. Questions raised by the students.

UEFIKITION QF TERWS:

1. Petroleum - the 011 that is cbtained from the earth.
2. Hydrocarbon - a compound made up of hydrogan and carbon.
3. Organic - a substance which is Tiving or was once alive.
4. ¥o1atility - the ability or tendency to turn to vapor
boil).
5. Distill - 5 obtain by evaporation and condensation.
6. Fraction - part of the whole.
/. Refine - tc make better.
6. Cracking - the process of taking large hydrocarbons
such as fuel ¢itl and breaking and reforming them into
more useful molecules such as gasoline.
9. Vaporize - to change into a vapor or gas.
REFERENCES:
STUDENT:
1. The Story of Gasoline, £thyl Corporation
2. 0il for the ilorld, Schackne and Drake
TEACHER:

1. iydrocarbens from Petroleum, Rossini, Mair and
Streff

2. Petroleum Processing, Hengstebeck

3. When tne Oit !'!ells Run Dry, Fuchs

4. Petroleum from Prehistoric to Petrochemical, Purdy




DISTILLATION DEHONSTRATION

introduction:

Tha curpose of this demonstration is o show the student how
Tiquids with different boilinag noints can be separated by dis-
tillation. The apparatus nesded for simple distillation is
available in most cnomistry deparinencs or can ba obtained frow
a chemical supply house. Setting up and demonstratine distilla-
tion is quite easy and it gives the student a visual concept
which can help make clear the .ore compiex process of fractional
distillation as used in petroleum refining.

Set-up:

A. Set up a flask with a thermometer which extends ncar to,
but not touciing, the bottom of the flask and a tube to connect
the condenser tubz unit.

8. Set the condenser unit so that it is inclined downward.
The vapors can then enter the top and the condensed licuid can
be collacted at the xottom.

C. Hook up runaing water to the bottom connection of the
condenser unit aig¢ drain off at the top connection. This will
provide a circuiation in the unit needed for cooling.

B. A beaker is placed at the bottom of the condenser
unit as a receiver to collect the condensed Tigquid.

E. A heat source is needed such as a hunsen burner or a
propane torch with which to boil the solution.

F. Hake surc that all connections are good and tight

Procedure:

A. Hix a solution of about 22 mi. water and 50 ml. alcohol.
Add to this solution one teaspoon of table salt and & fow drops
of fcod color.

B. Put the solution in the flask and heat to a temperature
of 175° %o 180° F. At this point, the alcohol will start to
boil off.

C. Uher the alconol is removed from the soiution, change
the raceiver and raise the temperatura to boil off the water.

Rasults:

From this demonstration, the stuceni should b~ able to see
that from thne colored solution a clear Tiquid was distilied,
which is aicohol. Then a2 second clear liquid was obtained,
wnicn is the water, and a residue of salt and color was left
bahind. This process can then be compared to the fractional dis-
ti1lation of crude petroleum.
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SAM JOSE STATE COLLLGE
INDUSTRIAL STUDIES DEPARTMENT
1968 NDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED BY: Roger L. Barnes

Horace Mann Junior High School
Colorado Springs, Colorado

INSTRUCTIONAL LEVEL: 7th and 8th grades
TITLE: Obtaining Crude Petroleum
PRESENTATION TIME: 10 to 15 minutes

INTRODUCTION:

The origin of petroleum we know dates back millions of
years, but exactly hew it was formed is & question which science
has been unable to answer. Howaver, the process by which petre-
leum was formed must have been a common onc and the materials
from which it was made equally common because petroleum occurs
widely throughout the earth's crust. In fact, the volume already
recovered makes petroleum the second most plentiful 1iquid in
the world.

‘ Research that has been donc on tha occurrence of petroleum
seems to indicate a connection between organic tissue, probably
plants and animals, and the sea. Almost all petroleum is found
in rock of marine origin. It is thought that the accumulation of
organic matter in the sediment at the bottom of the sca was
the start of the process. Then over millions of years the fats,
oils, and waxes were transformed to petrolewn by heat, pressure
and bacterial action.

Whatever the origin of petrolcum the important question
today is the Tocation and recovery of this rich natural material.

OBJECTIVES:

To give the student information as to the origin, location,
and recovery of crude petroiecum.

To impress upon the student the importance of petroleum
as a natural raw material.

INTER-RELATION YITH OTHER SUBJECTS:
A. UNIT SUBJECT AREA: Power Mechanics

B. INTER-RELATION WITH QTHER SUBJECTS:
This unit has its strongest relationship to the
science of geology since we are dealing with a raw material

©
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which is obtained from the earth's crust. Of course a
relationship could also be established with the other
sciences &nd math.

In industrial arts this unit could be used in
several areas as related information dealing with the source
of many of the materials used. HNot only fuels and Tubri-
cants but with the many synthetic materiails obtained from
petroleun.

USE I INDUSTRY:

A11 industries use one or many of the products derived frem
petroleun. It furnishes fuels to produce power, lubricants for
the machinery, and many of the chemicals and products used as
raw materials. The relationship of petreleum products and
industry is so close that without them nearby, everything would
come to a stop. So it can be said that petroleum is one of the
base materials of our technological society.

MATERIALS AND EQUIPHENT:
A. Overhead projector
B. Movie projector
C. Slide projector

EDUCATIGNAL MEDIA

A. On2 overhead trnasparency (enclosure)

3. Set of 35mm slides

C. Films (suggested)
Prospecting for Petroleum
Birth of an 0il1 Field
10,000 Feet Deep
Pipeline
Shell 0il Co.
50 test 50th Strect
New York, dew York 12020
5. Fill 'er Up

Dupont

Motion Picture bDistributor

1907 ilarket Street

Wilmington, telawarc 19398
6. The Story of Gasoline

Art Film Labs Inc.

245 YWest 55th Street

New York, Hew York 10018

W -
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UTILIZATION IH THE TEACHING-LEARNING E'iVIROMHEAT:

SAFETY:

In any discuss... of petroleum and patroleum products,
it should be stressed thrcughout that tuby can be dangerous
materiais. For example, most of the materials are flammable
and will ignite easily. iany others are highly explosive.
Also, wit the gaseous materials thore is the danger of
asphyX1at1on This is equally true with carbon monoxi de
whicn is the by-product of combustion of njdrocarbon fuels.
Therefore, when work1ng with hydrocarbons in most forms,

“t is wise to cxercise caution.

PRESENTATION:
1. Accumulation of petroleum
a. Source rock
(1) Fine-grained and jypervious
(2) Shale and limestone
(3) Drilling source rock rarely produces
petro1uum in any quantity
eServoir rock
Porous jiwestone and sandstone
Void snaces
Porosity and permeability
0il Pools

o~ 7.J

B}
w

1
2
(3
4
r
1) &nticline

Salt dome

Fault tran

Stratigraniic

Cap rock
g 0i1 fields
ly discovery wells
) 0il and gas scepage
) Salt welis
) Located by chance
dern petrolaum geology
; Locating oromising formations
)
)
5)

o o] o~~~
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2. Loca

G.
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N Yt T N B (—i- PN PN
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| abiad

No guarantee of 0il
Seismic Survey
Gravitymeter survey
Jdagnetometer survey
ng and Petroieum
ble tool drilling
) Developed in China centuries ago
) 20 to 150 feet of hole per day
) Used down to 2000 feet but can go 8000
feet or uore

3, Dril
a.
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(4) Halking beam
(5) String of tools
(6) Bailer
(7) Two man rig
b. Rotary Urilling
(1) Developed 15090
(2) First well 1901
(3) Ten times faster than cable
(4) 100 to 300 Fee» per day
{(5) Uells to 20,000 feat ar more
(6) Drill stem
(7) Drill bits
(€) Rotary table |
(9) Slush pump |
c. #arine Orilling i
(1) Sunken barge - 20 feet deep or less |
(2) Pile support up to 70 feet depth
(3) Cne well in Gulf 32 miles off shore
d. #ell Completion
(1) Drill stem test
(2) Explosive fracturing
(3) Hydraulic fracturing
{4) CGun verforator
4, 011 Production
a. Gas-cap drive
D. Dissolved-gas drive
c. ater drive
d. Artificial 1ift
e. 0il, gas, and water szparation
EVALUATION AND OBSERVATION:
STUDERT PERFORMANCE
1. Quiz
a. Is 01l found where it is formed?
b. hat is an 01l pool?
C. Describe two types of trap structures.
d. that is a cap rock and what does it do?
2. How were the first oil wells discoveraed?
f. Can a geologist locate 0i1?
g. ‘hat is the wost widely used method of drilling
01l walls?
h. How deep do 0il wells go into the earth?
i. What has to be done after a well is drilled before
production starts?
J. How is o0il obtained from the well?

[R&C‘
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2. Observation of student response to prosentation of the
unit.

udIT cVALUATION:

1. Item analysis of the quiz.

2. Student response and interest in the unit.

3. Questions raisaed by the students

DEFINITIONS OF TER:1S:
1. Petroleum - The oil that is obtained from the earth,
2. Hydrocarbon - A compound made up of hydrogen and carbon.
3. Organic - A substance which is livina or was once aliva.
4. Geology - The science of the =arth's structure.
5. Porosity - Having holes or voids through which Tiquid or

air can move.

6. Permeability -~ To penetrate or move throuah a substance.

7. Stratification - To form in layers as the rock in the
carth's crust,

8. Anticline - & bulga in the rock layers of the earth's

crust.
9. Fault - A bresk in the rock layers of the earth's crust.
10. Seismic - A vibration of the earth's crust such as an
earthquake.

REFEREHCES:

STUDENT:
i1 for the World, Schackne and Orake

TEACHER:
1. Hydrocarbons from Petroleum, Rossini, Marr and
Streiff '
2. Petroleum Processing, Hengstebeck
3. lthen the Dil Yells Run Dry, Fuchs
&, Petroleum from Prehistoric to Petrochemical, Purdy
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SAY JOSE STATE COLLEARE
INOUSTXIAL STUNIES PEPART EMT
1553 NDEA IHSTITUTE IM IMDUSTRIAL MATERIALS

PRESENTED 3Y: L. Yayne Dickerson
Senior High School
Lindsborg, Kansas

INSTRUCTIONAL LEVEL: Jr. High - 5r. High - ollege
TITLE: 0il-Srease Lubrication Principles
PRESENTATION TIME: 1 1/2 hours

INTRODUCTION:

rubrication greases are described by A.5.7.M. (%merican
Society Testing Materials) as: " A Combination of a netroleum
product and a soap or a mixture of soaps, suitable for certain
types of lubrication." A lubrication grease is therefore a
soap-thickened oil, its use being a substitute for Tube o1l
ir locationc where unsatisfactory oil retention makes the use of
grease more desirable as a means of reducinag friction and wear.
Greases also act as coolants, <ealants, and a means of keeping
bearing surfaces clean.

OBJECTIVES:

1. To learn how greases are made

2. 7o learn the tynes and nrinciplz characteristics of
0il greases
To learn the methods o¥ oil-arease lubrication
70 perform some of the manv materials tests on
lubricating greases
5. To learn the wethod by which greases are classified

+> W

INTER-RELATION WITH QTHER SUBJECTS:
UNIT SUBJECT AREA: Power Mechanics

INTEP-RELATION WITH OTHER SUBJECTS:
Other Industrial Arts subjects which may use this
unit are: Woods, Metals. Graphic frts and Vocational
Agriculture. The Physics and Chemistrv departments
may also find some value in this unit for their
subjects.

USE IN INDUSTRY:
Lubricaticn probliems will be with Industry as lono as
manufacturing exists. VYast amounts are spent each year to
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study the many old types and new types of lubricants for the
vast improvements on modern day machines.

MATERIALS AND EQUIPMENT:
1. Sampies of oii and greases
2. Beaker for use in class viscosity showing (water)
3. Equipment for grease makina:
Ivory soap
250 m1 beaker (2-3)
Electric or gas hot plate to heat materials
Filter cloth
30 m1 of 1 molar lithium chloride solution
Small amounts of powdered zinc, nowdered aluminum,
collodial graphite, molybdenum sulfide powder
A clean dry roller bearina and a clean dry bali
bearing

UTILIZATION IN THE TEACHING-LEARNING EMVIRONMENT:

PRESENTATION:
I. How Greases are made:
A. Chemical Compounds
1. Lubrication orease is a combination of a
petroleum product and a soap or a mixture
of soans
a. 5o0ap Compound Structure (savonification)
b. Bases
c. Tils
8. GCreases of soap thickenad 07l type are of two
types:
1. The cooked or boiled type - autoclave
2. The cold type - cold sett - tcmn. less than
150 F
a. Qifferences in manufacture are differences
in:
(1) temnerature
(2) method of arriving at saponification
b. Differences in characteristics and auality
are auite marked
c. Newer tyne called "continuous nprocess”
(1) not yet oroven for all eauipment
(2) based on stedy mixina nirocess
NOTE: C<AMPLES OF VARIOUS TYPES OF GREASES
SHOWN AT THIS TIME,

:'hfb Q0O O v
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I1. Types of Grease Manufactured and Characteristics:

. iLime Base - <mooth buttery texture, relatively
Tow meTting noint, and resistance to moistura.
Cannot be used atave anproximately 175° F.
because of physical and chemical breakdouwn.

B. Soda Base ~ stringy texture, because of which
they are referred to as fiber or sponac arzase.
They are not resistant to moisture but mav be
used above 175° F.

C. Aluminum Base - transparency tyne arease.
cmooth, huttery and with a high m21ting point:
excellent for pressure oreases and for centralized
lubricating systems.

D. Lithium Base - newer tyne, not too widely
nroduced. Production and cost difficulties at
present. ~ood water resistance, :ich melting
point, good stability, extremely aood temper-
ature consistency characteristics.

E. Lead Base - not too widelv used today, only as
a mixed base arease. It is sometimes called

- extreme pressure grease.
3 1II. “ests for Uniformity and OQuality:
A, Greases are classified by consistency tests.

1. “ermits selection of a crease of the correct
agrade for a specific application.
2. Lonsistency tests now use numhers as means
of identification arades.
a. Early days, ecch comnany used their own
system - numbers, letters, nrames, ctc,
~. ..ational Lubricatina Grease Institute
(NLGI) set un seven standard arades by
the “ST™ nenetraticn at 77° F to serve
the whole industry.
'OTE:  MLGI TRANSPAREMCIES - O - L #1
NLGI ASTM nenetration at 77°F

Ne. 0 =385
Mo. 1 310-340
Mo. 2 265-295
to. 3 220-220
No. 4 175-20%
Mo. 5 130-160
Mo, 6 f5-115

c. Other greases, lighter or heavier,
produced by the comnanies now carrv

©
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their own numbers or letters systems,
Basically special purpose type greases.

Phys1ca1 Tests
tonsistency
Melting point at deorees F
Bleeding out of 0il molecules
Water content (vaporization)
Color
Texture
Water absorption
hem1ca1 Tests:
Stability (oxidation)
“sh
Composition (% of components)
Free alkali or acid
Corrosion
D. iechanical Tests:

1. Pressure

2. iropping point of lube greases

3. Corrosion test for solidity

4. Consistency of Tube greases and vetrolatium
Methods of Lubrication:

o

c~\:c\m-bwt\>—'

LW -
. ) . . -

1. Compression cups

2. tunnel cups

3. Wells

4, Packed bearing

5. Pressure qun

6. central pressure system
O .

1. Hand
2. Waste packed or Pad packed
3. Wick-fed
4. Orop-sicght-Teed
5. Bottle
6. Ring, chain, or collar
7. HMechanical Pressure Feed
8. 0il bath
9. Splash & Splash Circulatina System
10. Crav1gy Circulation
11. "ressure Circulation (force-feed)
0ils and Gréases for further study:
i. Steam Enaine and Turbine Oils
8. “peumatic Machine 0ils and Greases
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Pump Oils and 5reases

2ailroad Lubricants

Gas, Hydraulic and Steam Turbine Lubes
Clay Products Lubricating 0ils

Cutting or *tachinina Fluids

Heat Treating Fluids

Hydraulic Systems Fluids

EVALUATION AND OBSERVATION:

—X O Mmoo
. - . - . o -

STUDENT PERFORMANCE:
1. Some materials process tests wili be performed
at end of unit
a. Consistency & lMelting & Bleeding Test
b. color
c. Water Content
2. Large unit test

UNIT EVALUATION:
1. Check and recheck for weaknesses
2. targe unit test
3. Changes evident for further teaching of unit

DEFINITION OF TERMS:

1. Comsistency: a condition of holding together;
firmness or thickness, amount or dearece of thickness
as of a liquid.

2. Petrolatium: a greasy, ‘ellylike substance
consisting of a mixture of semisolid hvdrocarbons
obtained from petroleum,

3. Saponification: the chemical conversion of fats
intc soap.

4. Cohesion: the act or condition of cohering;
tendency to stick together; the force by which
the molecules of a substance are held together.

5. Adhesion: the force that helds together the unlike
moldcules of substances whose surfaces are in
contact; a sticking condition.

Bleeding Out: the act of separating; the molecules

separate, as in greases, the oil rests on top

with the fibre structure at oottom.

7. Compression Cup: & small graase reservoir directly
connectad to the bearinag, with provisions made
for exerting pressure on the grease to force it
from the reserveir to the bearing.

Cn
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8. Funnel Cup: a small cup filled with rrease has
2 pin extending from the top through the arease
to the shaft. As the shaft turns it heats the pin
and the vibration it effects causes the arease to
liquify and run inte the bearina,

9. Packed Bearing: are antifriction bearinas
enclosed in areass tight housings which can be
lubricated by grease placed in the housina at the
time of assembly of the bearing unit. Some have
provisions for addina arease when needed. The
bearinas can usually be operated for a lonr period
of time without attention.

10, “entral Pressure System: = pressure oun idea
attacned to a central reservoir feedina grease ]
through fairly complicated metering systems and lines 3
to the various points to be lubricated on a machine.
One push or trigger lubricates all noints at the
same time with a predetermined amount of grease st
the prorer time.

11, Mells: Lubrication of a hich temperature bearino
by the use of a hard arease in the form of blocks.
restine unon, or heing pressed against, the
rotating journal through an open well in the upper
half of the bearina, or the lower nalf axiosed
Journal, The heat meets the arease & carries the
soft thin layer around the journal an? bearina,

REFERENCES

STUDENT:
Film - Refining 0il1 for Energy, "merican 0i1 Co.
Stockel, ‘-rtin W. - Auto Mechanical Fundamentals,
comewoocd, 111, - “oodheart-"iTcox Co., 'nc.
1963, Ch. c-1.

TEACHER:
£.S.T.. Standards, Tart 17, 1967
Kock, G.P.,"hD. - Handbook of Shell Products,
San Francisco, falif. hell 031 Cn., 1038 -
Lubrication section,
Popovitch, M., Fuels and Fundamentals, iew York,
John ¥iley and Sons, Tnc. 1959, Thapter 19,

©
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SAH JOSE STATE COLLEGE
IMDUSTRIAL STUDIES DEPARTHMENT
1968 WDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED BY: daync Dickerson
Senior High School
Lindsborg, Kansas

INSTRUCTIONAL LEVEL: Jr. High - Sr. High - College
TITLE: Overview of Synthetic Lubricants
PRESENTATION TIME: 1 1/2 to 2 hours

IMTRODUCTION:

The ficld of synthetic Tubricants has expanded greatly in
recent ycars and more rescarch is underway for the future. OCnly
recently has the government and industry saen fit to release informa-
tion concerning this rcsearch. Information being somewhat of &
premium, this unit attempts to 1ist and describe nine basic types
of synthetic rosins.

GBJECTIVES:

1. To show the advantages of synthetic Tubricants over the
natural hydrocarbon lubricants.

2. To show how the synthetics improve lubricity over extromely
wide tempcrature ranges, the high thermal and oxidative stability
and outstanding resistance to nuclear radiation,

3. To point out how the physical or performance properties can
ba altered by chemical modification or the incorporation of suitabi=
additives, i.e., solubility characteristics.

4. To point out how additives improvc the performance
propertics of lubes.

INTER-RELATIOW “ITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Powcr Hechanics

INTER-RELATION WITH GTHER SUBJECTS:
1. Fluid nower courses cculd usc this information.
2. Vocational agriculture
3. Chemistry and Physics

USE IN INDUSTRY:

The government was the first to really show interest; then as
information was rclcased, industry as a whole took great interest
and did more experimenting, and much more will be done in the future.
This is relatively a new ficld.

ERIC
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MATERIALS AND EQUIPMENT:
Various samples of synthetic Tubcs.
Samples of various hydraulic fluids.
Seme chemical analysis charts are available from 0il companies.

UTILIZATION It THE TEACHIHG-LEARNIMG ENVIRONMENT:

SAFETY:

As this unit is more of an overview with more of a lecture
set-up, safety docs not apply to this unit. k-
PRESENTATION: i

I. Historical Review
A. Additives
1. Since 1910 increasad interest in compounding of
mineral oils
2. Early day additives were nearly all by-products of
petrol or other low cost rav materials. Now use
bettor refined products and include synthetic
organic compounds.
B. Inhibitors of Oxidation

1. Antioxidants, thoir nrobably mode of action and their
importance in organic chemistry were first described
in 1922.

2 Phenols and aromatic amines, products showing
pronounced oxidation inhibiting properties while
antioxidants only delay the oxidation.

C. "Boundry lubricants™

1. Cause a docrease in friction and wear and increase
load bearing capacity of bearing.

2. HMonolayer thecory of Langmuir

3. "Active Chlorine” produces protective film of metal

chlorides and comnounds containing sulphur and
chlorine the boundry film formed on gear teeth is
ferrous chloride.

Iron phosphide creates polishing effect on bearings.
TCP = this reacts with steel to form thin, solid,
non-conducting films.

5. Liguids must excell iv wetting ability

D. Pour point dcpressants

Synthetics found to be best and most cfficient
"paraflow” first and most cffective

"Acryloid" W.W. II innovation - polymers of methacry-
lic acid esters of higher alcohol

Reduces crystal sizes and reduces interlocking net-
work of interparticle adhesion.

oS
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E. "Viscosity Indcx Improvers”

1.

First were collodial metallic soaps added to oils -
Tinear polymers most effcctive, however, some Tinear
polymers are not goed VI improvers.

F. Rust Inhibitors

1.

3.
6. "0l

1.

2.

Rise of
A, Yhy
]0

2.

Rust inhibition in oils is causad primarily by

the physical adsorption on the surfaces of ferrous

metals of polar - non-polar molecules of high

molecular vieight.

Failure of rust inhibited 0il results form cither

a. the depletion or desorption of the hydrophobic

monolayer as tne result of the washing action of
the weter contacting it.

D. the decrease in the average lifetime of adsorp-

tion of the nolar molecuies with increasing temperature.

iMaterial obtained from soaps and sulfonates.
Detergents®

Cleans oil

Cils contain 2-4% inhibitors and detergents are

heavy duty oils - now un 20% most of which is

detergents.

synthetic lubricants

develop synthetics?

Rescarch revealed about chemical constituents

of petroleum oils and about methods of refining

and sciecting those ingredients most wanted.

Increasing shortages of suitable petroleum supplies

bucoming evident in countries like Germany, France

and Japan.

Growing needs were created by invention or widespread

adoption of machines requiring even greater

temneratura ranges.

Various naw nonhydrocarbon liquids, which had been

synthesized for various reasons, were discovered

te have extreme properties of great interest in

Tubrication

B. Synthetic Hydrocarbons

Large diffecrences in the bulk properties of petroleum

fractions having comparable boiling points showed

a need to explore more.

a. Branched paraffins, cycloparaffins, and arcmatic
nydrocarbons ware found.

b. Hot yet able to identify all the components in
lubricating oils

c. Reasonable accuracy now in identifying compositions.

Physical Structure Studied

. . N AP —
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a. Increasing the length of the aliphatic chain
increases viscosity, raises the viscosity,
raises the freezing point and the viscosity
index and lowers the A.S.T.M. slope.

b. Side chains also active, increases viscosity,
Towers freezing point, decreases V.I. and
raises A.S.T.i. slope.

C. Branched attachments exert a complex influence
on the viscosity and V.I.

d. A branch ncar the middie is more effective in

lowering freezing point.

Cyclic group additions causcs larger increases

in viscosity and decrcases the V.I. more than

do alkyl substituents.

f. Increasing the ratio of thc cross section of
the molecule to its length decreases the V.I. and
raises the A.S.T.M. slope.

iMixturces Studied

a. Ingradients are more or less random mixtures of
hydrocarbons and hydrocarbon derivatives and
the known mixtures arc not the best.

b. Polymerization process using aluminum chloride
as the catalyst was the landmark in the history
of synthetic lubricants.

c. Cost was factor in dropping this plan.

Synthetic anproaches most used and studied.

a. Honcatalytic polymerization of hydrocarbons by
clectrical discharge methods.

(¢3]

b. Catalytic nolymerization with aluminum chloride

c. Dechlorination of chlorinated hydrocarbons

d. Condensation of Olefins with aromatic hydrocarbons.

2. Condensation of chlorinated hydrocarbons with
aromatics

f. HNuclear power plant needs have turned our atten-

tion to aromatic polycyclic compounds for a
better type of synthetic lubos.

Liquid Silicone PQlymers

1.
2.
3.

4.

(& 4]

Element is easily and cheaply isolated.

28% of earth's crust

Chemical behavior is of interast to both organic

and inorganic chemists.

Llcctropositive in nature and has some properties of
metals. It is tetra-covalent and can attain a
maximum of 6 with atoms of fluorine and oxygen.
Silicone Tiquids are Tinear polymers of the organo-
siloxane family.
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6. HNumerous other studies and tests have been rup on
this type of polymers.
7. The materials cannot function as good boundry
lubricants.
8. Solubility is the big problem facing silicones
as additives.
D. Liquid PGlyorgalkylencs
. The solid polymars are water soluble while the
polypropylene glycols are oil soluble.
Useful in lubricating oils and hydraulic fluids.
Has self-detergent quality.
Production in America is sccond only to the ester
lubricants.
E. Ester Lubricants
1. Trimethylomethane reactaed with various fractions
of mixed fatty acids.
2. Adipic acid reacted with various fractions of mixed
branchad alcohols.
An éster of adipic acid and branched nonyl alcohols.
4. Esters of methyladipic acid and mixtures of |
branched alcohols.
Commercial quantities of esters are produced from
above
6. Excellent lubricating qualities are due to adsorp-
| tion properties at the solid oil interface.
, 7. The ester gorup prepared and used from 1944 are
a. Branch - chain alcohols with 3 to 17 carbon atoms.
b. Branch - chain acids with heramethylene glycol
or decamethylene glycol.
c. Branch ~ chain acids with triethylene glycol
or polyoxyathylenc glycol.
8. Esters containing no beta hydrogen atoms can with-
! stand temp. 20° F. higher.
' F. Fluorcarbons and Chloracarbons
1. The use of perfluorocarbons as non-reactive
diluents was used as a diluent for uranium hexafluoride
in the thermal diffusion process for sepgrating
the isotopes of uranium,
Later lube oils were the liquid polychlorotri-
fluorethylenes, the higher polymers were new,
unreactive, readily molded, type - now this type
polymer is used in extrudable plastics. |
3. Very little used on commercial market now, very low
viscosity indexes. i
Has very good resistance to heat and gamma radiation
Other studias have been carried out on this group -
some aood,soma bad.

I N
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G. Lubricants containing larges portions of water

1. Early types were hydraulic fluids used in elevators -
solutions of glycerine and water.

2. Navy devcloped a nonflammable hydraulic fluid from
glycol-water solution containing approx. 40% water
and a water soluble Tinear polymer to serve as
V.I. improver.

a. A copolymer of ethylene oxide and propylene
oxide in a 3:1 proportion.

b. Corrosion and vapor phasc corrosion inhibitor
added.

c. "Hydrolube H-4" = wide range effect.

3. Shell 0i1 Co. has produced a water-in-o0il emulsion
hydraulic oil.

H. Phosnhorus Derivatives

1. Tribochemical recactivity needs careful control at
ordinary temperatures by limiting phosphorus
additive concentrations.

2. Also limits the usefulness of such lubes under high
temperature wear conditions.

3. Phosphorus asters also falls into this category
of temparature breakdown.

4. Basis now are for alkyl derivatives.

a. Found to have good load carrying capacities

b. Tend to be overactive

c. May cause excessive erosion of both steels and
copper alloys.

d. May Tack thermal stability, perform better
at lower temperatures -- less than 250° F.

5. Triaryl phosphates marketed now for use in industrial
hydraulic equipment

6. Various alkyl - aryl phosphate estcrs are now patented
and applied as less flammable hydraulic oils in
commercial aircraft.

I. Other Synthetic Qits

1. Other organic liquids studied are
a. aryl, alkyl, and mixed aryl-alkyd silicates.
b. The hexa-alkoxy disiloxanes and the octa-

alkoxy trisiloxanes.
c. The tetra alkyl silanes
d. Impressive rosults now from polyaryl ethers.
J. Summarization

1. Synthetic oil molecuie must possess boundary
lubricating and rust-inhibiting properties and in
order to do this must contain one or more polar
(or other more reactive) groups which are not
hindered from adsorbing or reacting with bearing
material.

ERIC

Aruitoxt provided by Eic:
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2. Investigations now confirm it is better to synthe-
size liquid lubricants to gain bulk properties such
as

High viscosity index.

Low pour point.

Thermal stability

Surface activity needed for wear prevention and

rust inhibition.

ses of Synthetic Lubes

Polyglycols.

1, Lincar polymers

2. High degree of flexibility

Phosphate Esters

1. Primary and secondary phosphates have found Tittle
use as major constituent of synthetic lubwricants.

2. Major utility is that of acids, salts, and amides.

Dibasic Acid Esters

1. This type result from reacting straight chain
dibasic acids, such as sebasic, with branched alcohcls

2. Predominant use is in jet engine lubricants

Chlorofluorocarbon Polymers

Silicones

1. Synthetic compounds containing the clements silicon
and oxygen, and organic groups.

2. Silicone lubricants are scmiorganic polymers and
copolymers

3. Silicone oils are relatively short polymer size
chemical structurc.

4. Methyl and Phenyl groups ave the substitutes
used to vary the properties of silicones

Silicate Esters

1. Hydrolytic stability limits their usefulness

2. Have been used as

a. Heat transfer fluids.

Hich-temperature hydraulic fluids.

Electronic coolants.

Weapon lubricants

. Spccial low-volatility greasecs.

Fluoroestars

1. The synthesis of esters containing fluorinated
groups offers a possible method for producing
fluids with a wider 1liquid range than perfluoro-
carbons.

2. iduch to be studied on this group, still not per-
forming as wanted for all ranges of uses.

3. Perfluorocarbons hydrolyze readily and cannot be
considered suitable for general Tubricant applications.

0O O w
e e & A
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H. Ncopentyl Polyol Esters
1. Organic esters which hold great promisg as wide
temnerature range lubricants with excellent
thermal and oxidative stability up to 400° F.
Excellent Tow-temp. viscosity properties.
High viscosity indices and good lubricity.
Used as high-temn. gas turbine lubricants.
Chemical structure is that of a unique five-carbon
structure.
I. Polyphenyl Ethers
1. Show promise for use in presence of oxygen.
2. Performs well in high levels of radiation.
J. HMovel Synthetic Lubricants §
Tetraalkylsilanas -
Ferrocene derivatives
Tetra-substituted urea derivatives
Heterocyclic derivatives
Aromatic amines |
Hexafluorobenzene '

O >N

OB WY —

EVALUATION ZND OBSERVATION:

STUDENT PERFORMANCE :
1. Short tost over unit material.
2. Some outside szarch for material.

UNIT EVALUATION: |
The unit is weak at present, but more information could i
strengthen it. %

REFERENCES:

STUDENT:
1. Vorld Book Encyclopedia ;
2. Synthetic Lubricants - Gunnerson and Hart !
3. fny chemistry book !

TEACHER:
1. Yorld Book Encyclopedia
2. Synthetic Lubricants - Gunncrson and Hart
3. Chemistry - Sienko and Plane




SAi JNSE STATE COLLEGE
TNDUSTRIAL STUDIES DEPARTNEMT
1968 #DEA IJSTITUTE 1. IMDUSTRIAL VATERIALS

PRESENTED BY: ‘ayne Dickerson
Senior High School
Lindsbora, Kansas

INSTRUCTIONAL LEVEL: Junior High - Senfor High -~ College
TITLE: Preparation of a Lithium Soap Grease
PRESENTATICH TIiE: 20 minutes

INTRODUCTION::

Lubricating greases, a combination of a vetroleum product
and a soap or a mixture of soaps, suitable for certain types
of lubrication, is a very brcad statement. BSeing a soap-
thickened oil used for a substitute for Tubricating oii in
Tocations where unsatisfactory oil retention makes the use of
a graase more desirable, By making this grease, one can definitely
;ge that really it is the oil that is the principal lubricating
actor.

OBJECTIVES:

1. To point out the specific chemical make-up of an
crdinary greasa so that the student is wore aware of
its quality, physical, and chemical structure.

2. To actually perform the axperiment and see the end
results,

3. To show what bleed-out is and know how it is controlled.

INTER-RELATION ¥ITH OTHEKR SUBJECTS:
UNIT SUBJECT AREA: Power Mechanics

IMTER-RELATION ''ITH OTHEZR SUBJECTS:
Other Industrial ARts subjects such as Metals, Woods,
and Plastics. Vocational Agriculture could use this unit.

USE I} IHDUSTRY:

Industry is constantly searching for new and better areases
for the modern day machines. As long as we have machines, there
will always be this need for lubricating greases. The space age
industries have studied long and hard tc come up with lubes for
their vehicles.




MATERIALS Al EQUIPHMENT:
1. Several typas of greases (visual inspections).
2. Ivory soap.
3. 250 ml. Beaker (2)
4. Hard wood stirring sticks.
5. Small alectric or gas hot pilate.
6. Small container of 1ithium chlovide - 1 m.
7. Unite mineral oil.
8. Small containers of powdered zinc, powdersd aluminum
er colloidal graphita, and 3% molybedrium sulfide powder.
9, A 300° F. thermometer.

UTILIZATION I THE TEACHING-LEARMING ERVIRORME.T:

SAFETY:

Have asbestos gioves, a huoded exhaust fan, & thermo-
meter along with the set up. 'latch the hoiling material and
don't let it overflov.

PRESENTATION:
(See attached enclcsure)

EVALUATION AND OBSERVATIOH:

STUDENT PERFORMAMCE:
1. Make up a small portion of the grease as directed
in the presentation saction.
2. i1l be tested over procedura2,

UNIT EVALUATION
1. 1411 give a clear and soncise meaning to lubrica-
ting greases.
2. Unit test portion of lubrication test.

DEFINITION OF TERIS:
Explained in unit preparation,

REFEREHCES:

STUDEIT:
iimeographed sheets will be fhanded out for the perfor-
mance.

TEACHER:
1. Shell Handbook - Sheil G111 Company
2. Louie ilelo - workbook.
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THE PREPARATION OF A LITHIUM SCAP GREASE

'leigh 5 grams of shayings of Ivory white soap {assure it is a
sodium stearate soap) on the laboratory balance to approximately
5 grams. Transfer it to a clean, dry 250 ml. bheaker. Add about
60 ml. of 70° C. water. Stir and heat a liitle while the soap 1is
dissolving. If the hot scap solution contains any black rust
specks from an iron can in which it has been stored, carefully
decant it into another clean beaker. Mow add 30 ml. of 1 molar
(1 M.) Tithium chloride solution and stir well for about one
minute.

insoluble 1ithium stearate

Filter, using a slight suction. Wash the 1ithium soap with about
4 portions of 40 ml. each of 70° C. water. Pulil the soap dry for
5 or 10 minutes; then transfer it to a dry beaker. Add 50 ml. of
white mineral oil. Heat on 2 wire screen over a low flame with
constant stirring. As soon as the oil and soap gets up to about
100° €. it will begin to foam. This thing can easily foam over
and make a mess. This is unnecessary. As soon as the foam gets
within an inch of the top of the beaker, 11ft the beaker and set
it on the desk to cool a 1ittle; then continue heating. Stir all
the time. Continue this heating and stirring until the oil
changes from the first chalky white color to the first clear
translucent coior. Stop heating at once. Continue to stir and
all the chalky color will probably disappear leaving a clear
semi-translucent color.

tien cool, the grease should set. If it does not, heat again.

Ssumming up, you have made a gelatinous insoluble lithium soap.
This soap carried considerable free water in a mechanical bond.
The soap mixed with oil frothed when heated due to the excess
water. Heating w¥‘h constant stirring drove out the excess water
and this turning ..int was indicated by t“e change in color noted
above. If one passes this point too much the grease gets
stringy when hot and hard and Teathery when cold.

Lithium soap greases are known as "all purpose" greases, i.e.,
water pump, wheel bearing, and chasis lubrication.

A Tithium soap grease may have 1% to 4% powdered zinc, powde “2d
aluminum, or colloidal graphite added to it for rock crusher and
othar heavy machinery bearing lubrication. Or it may have 1% to




These powders are available and you may use them. It is optional.

-l

3% molybednum sulfide pouder (fiake) added and we now have the
nev 30,000 mile or lifetime grease of the new car.

JTHER SCAP CREASES

A 5 gram portion of Ivory soap in hot water (70° or 80° C.) may
be used in all casas.

A 12 mi. to 15 ml. portion of Ni+2, Cu+2, Co+2, or Zn*? of one
molar will be sufficient to precipitate all the soap. The
resuiting insoluble soaps can be filtered using a little suction.
Use a 50 ml. portion of white paraffin oil.

These insoluble soaps nold consideranle water. ''hen the soap and
0il are first heated the water causes frothing or foaming.
Continued heating near 100° C. steam may form at the bottom of
the beaker under the oil. Its sscapement is accompanied by a
sharp crackling sound. This is a danger sign. Stop heating

at once. Let the sample cool. Some water may be removed
mechanically before continued heating.

Aluminum soap grease is easily made.

Chromium and iroa soap greases are a waste of time.
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S/} JUSE STATE COLLEGT
LTADUSTRIAL STUDIES DEPARTIENT
1505 WDEA INSTITUTE I IWDUSTRIAL “WMTERIALS

PRESEHTED BY. Roger L. Barnes
Horace tann Junicr High School
Colorado Springs, Colerado

INSTRUCTIONAL LEVEL: 7th and 8th Grace
TITLE: Structure of Petroleum Hydrocarbons
PRESENTATION TI¥E: 15 to 20 minutes

THTRODUCTION:

All petroleum substances have one thing in common. They are
made up entirely of carbon and hydrocen. OF course in crude
petroleur there are other materials nresent, but these are con-
sigered tc be impurities. In refining all but the smallest amounts
of the impurities are removed.

Since there are hundreds of different petroleum products, it
is important to consider kow carbon and hydrogen are combined so
that all of these different compounds can 52 produced from only
two elements. When carbon and hydrogen combine into a single
molecula, this molecule is called a hydrocarbon. It is hydrocarbon
tiat we are interestrd in learning move about.

OBJECTIVES:

To give the student an understanding of the structure of
nydrocarsons.

To relate the hydrocarbon maka up to the characteristics of
a material.

INTER-RELATIOH WITH OTHLR SUBJECTS:
UIIT SUBJECT AREA:

INTER-RELATION WITH OTHER SU3JECTS:

Organic chemistry is the basis for understanding
petroleum hydrocarbons and other fields of science are
also used as too’s in dealing with netroleum. So a strong
relationshin can easily be established for the student
baetween petroleur and science,

In industrial arts, petroleum can be reclated to almost
all areas in either a direct or indirect manner. Yhen we
consider fuels, lubricants, solvents, and the numerous
synthetic materials, it can be seen that peiroleum is the
source of many of the basic materials we use.
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Full Tt Provided by ERIC.

USE IN [iDUSTRY:

A1l industries use one or mony of the products derived
from petroleun. It furnishes fuels to 9roduce power, lubricants
for the macnhinery, and many of the chemicals and products used
as raw materials. The relationships of petroleum materials to
industry and to industrial arts are nearly identical. So it can
be said that petroleum is one of the basc materials of our techno-
logical society.

ATCRIALS AMD EQUIPHMENT:
A. Overhead projector
8. Movie projzctor

EDUCATIONAL MEDIA:
A. Set of overhead transparencies
B. Films (suggested)
Carbon and its Compounds
Chemical Bonds and Atomic Structure
Hydrecarbons and their Structure
Coronat Films
65 E. South Water Street
chicago, 111inois 60601
C. Set of two informational charts

LW N —

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT:

SAFETY:

In any discussion of petroleum and petroleum products,
it should be stressed tnrougiiout that they can be dangerous
materials. vor example, mest of the materials are fiammable
and will ignite easily. Many others are highly explosive.
Als0, With the gascous materials there is the danger of
asphyxiation. This is equally true witi carbon monoxide
which is the by-product of combustion of hydrocarbon fuels.
Therefore, when working witn hydrocarbons in most forms,
it is wise to axercise caution,

PRESEUTATION:
1. Structurc of hydrocarbons

a. Carson
{1) Size and structure of atom
(2} Chemical notation
(3) Ability to join together (valence)

b. Hydrogen
(1) Size and structure of atom
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c.
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(2) Chemical Notation

(3) Ability to join with carbon

(4) Humber of hydrogen atoms that will join to
one carbon

Types of hydrocarbon molecules

(1) Saturated molecules

(2) Unsaturated molecules

(3) Isomers

(4) Ring or cyclic molecules

Hydrocarbon Characteristics

a.

Gaseous hydrocarbons

(1) Hatural and LP Gas

(2) Small number of carbon atoms

(3) Low molacular attraction

(4) Low boiling points

Liquid Hydrocarbons

(1) Gasoline to neavy lub oils.

(2) Size of melecules in liquid range

(3) increase of molecular attraction with increase
of size ot molecule

(4) Boiling range of gasoline, kerosene, fuel
oil, Tub o0il, and etc.

Solid hydrocarbons

(1) Asphalt and waxes

(2) Very large complex moiecules

(3) Strong molecular attraction

(4) “elting and boiling points

Petroleum iydrocarbon Products

K =5 ~h(o 0.0 U

Natural and LP gas
Gasoline

Kerosane

Diesel and jet fuel
ncating oil
Lubricating oils
Greascs

Asphalt

Waxos

Solvents
Svatnatics

(1) THT

(2) oOrlen

3; Anti freeze

) Photo film
) Tev¥len

} Lucite

(o IS R =

(
(
(
(
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b

(7) Butyl rubber

(8) buDT

(9) Detergent

10) Thcre are 3,000 or mor: products in this group.
ZVALUATION AND OBSERVATION:

STUDEWT PERFORMANCE:

1. Quiz
a. What is th. chemical symbel for carbon? for
hydrogen?
b. How many hydrogen atoms will join to one carbon
atom?

c. What is the name of a molecule made up of
carbon and nydrogcn?

d. thich is larger--a wolaculc of natural gas or
gasoline? _

e. Why does natural gas boil at temperatures far
below 0° F.?

2. Observation of student response to prasontatien
of the unit.

UMIT EVALUATION:
1. Item analysis of the quiz.
2. Studont rosponse and interest in unit.
3. Questions raisaed by the students.

DEFINITION OF TERMS:

1. Potroleum - the oil that is obtained from the carth.

2. Hydrocarbon - a compound made up of hydrogen and carbon.

3. Organic - a substance which is living or was oncc alive.

4. ¥o1at;1ity - the ability or tendency to turn to vapor
boil).

5. Isomcr - different forms of onc hydrocarbon molacule.

6. Synthetic - a material that does not occur in nature.
It is produced artificially.

REFERENCES:

The Story ~f Gasolinc, Ethyl Corporation
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SAH J0SE STATE COLLEGE
INDUSTRIAL STUDIES DEPARTHMENT
1668 NDEA INSTITUTE IN INDUSTRIAL MATERIALS

PRESENTED BY: L. Wayne Dickerson
Senior High School
Lindsborg, Kansas

INSTRUCTICNAL LEVEL: Jr. High - Sr. High - College
TITLE: Theory and Principles of Oil Lubrication

INTRODUCTION :
Lubricants have many important functions to perform in the
automobile and other types of machines. They must guard against
the develonment of excessive heat produced by friction baetween
moving parts. They must also carry generated heat away from the
moving parts to a place where it can be transferred to the 2ir
or to water. This last function is cspecially true of cutting oils.
In order to accomplish the two tasks - reduce friction and rcmove
heat, iubricants must have special propertics and characteristics.

OBJECTIVES:

1. To show why oils must have specific properties and how
these propertics affect the machine parts.

2. To learn somc of the functions oils must perform

3. To learn to select and use the proper kind of 6ils.

4. To Tearn why current oils are more durable than past oils.

INTER~RELATION WITH OTHER SUBJECTS:
UHIT SUBJECT ~iREA: Power Mechanics

INTER-RELATION WITH OTHER SUBJECTS:

Other Industrial Arts subjects which may use this unit
are woods, metals, graphic arts. Thi sciencc classes can use
this unit to a very good advantage, both in thcory and in
riractice.

USE IN INDUSTRY:

Design engineers, production engincers and industry as a whole
nlace a great cmphasis on this important field. 01d manufacturing
systems as well as the newest procedures require a thorough under-
standing of all the ncwest and latest facts about lubricants. The
major oil companies arc spending great amount of money in lubrication
research.  The space program offers mainy new avenucs of exploration
along this linc.




MATERIALS AND EQUIPHENT:
armples of various oils.
o1mp1u metal friction nlates, to demonstrate friction.
i4icromater, 0-1".
Beaker and weter, to show viscosity principle.
Roller bearing, to show wedge friction action.

Cl O —

EDUCATIONAL MEDIA:
Film - Refining Qi1 for Energy - American 9il1 Co.
Distillation transparencies
Lubrication transparcncias
Test demonstrations to sct up.

UTILIZATION IN THE TEACHING-LEARNING ENVIRONMENT:

PRESEMTATION:
I. Dutios and Properties of Lubrication Oils
A. Lubricating cils must perform four jobs.
1. Minimize friction and wear - sliding or rolling
a. Friction may be defincd as the resistance to
movement between any two objects when placed in
contact with cach oter
1) Desirable friction
2) Undesirable friction
b. Two kinds of friction are, dry friction and
wet friction. Sometimes referred to as solid
friction and fluid friction
1) Dry friction is whan both rubbing parts are
clean and frec of other materials
2) et friction is when rubbing parts have
other material or materials piaced between
them,
"Friction Plate Experiment”
c. bear1ng construction plays a part in determining
the amount of friction involvad. Two kinds:
1) Friction bearing - solid or sliding friction
2) Anti-friction bearing - rolling friction
d. 011 or "Viscous" lubrication acts as thin
film intorposed between the surfaces to substitute
internal fluid friction for the solid friction.
1) 0i1 viscosity refers to the thickness or
fluidity of the oil. It is a measure of
an oil's ability to resist flowing.
Water and Beaker Experiment
Viscosity Classificaiton Chart
Viscosity Comparison Chart
Comnosite Chart




2) 0ils thin out when heated and thicken when
cooled.
3) Viscosity Index is 2 classification basad
on flow at different temperaturas.
Wedge and Non-wedge Action Chart
¢. HWcarine quality of oil
1) Does not wecar out
2) Only becomes contaminated
f. Depletion of additives may caeuse corrosion and
sludge to form
1) Additives are chemical materials added to
Tubricating 0il to increase its effectiveness.
2) These contain detergont/disnersent, oxidation
inhibitors and other specific additives.
3) Almost complete Tists of additives may be
obtained from 0i1 companics.
g. 011 changas should be made more frequently
1) Opcrated under extreme conditions.
2) Stop and go driving in cold weather.
3) Dust storms during any time of year.
4) Crankcase ventilating system not functioning
properly.
5) Engine in poor condition
6) Air cleaner becomes clogged
7) Carburzticn systoem not function properly.
h. How cils work - bearing clearances.
1) Full pressure, spiash oiling and combination
splash and nressure systems.
2) Two cycle engine operation
Bearing Principle Charts

2. Assist in cooling the engine
a. Friction generatas heat, heat causes wear and
the engine losas a portion of its potential

DOWET,
1) Heat transfoer - threc methods
a) Conduction - physical contact
b) Cenvection - fluid or gas movement
c) Radiation - cnergy given off in all
directions
b. Coolants may be solids, Tiquids, cmulsions or
gases.
c. Must reduce Coefficient of Friction.
1) Poduce friction and temperature of parts.
2) Improve surfacz finish
3) Reduce powcr 1oss required to operate
d. Additives provided to improve cooling quality




1) Fight buaring corrosion
2) Keep small foraign particies in suspension
3) Raduce oxidation
4) Minimize carbon, lacquer and gum formation
3. Provides a se2ling quality
a. Helps piston rings scal cylinder
h. Assists in scaling around valve stems
C.
d.

fssists various 0il seals in engine
Assists valve Tifters to perform their duties
4. Keeps the engine relatively clean
2. Carries larger narticles to sump
h. Picks up dry gases from crankcase
c. Corrosion praventative added to prevent acidic
g2ses

EVALUATION AND OBSERVATION

STUDENT PERFORMANCE:
1. Haterials Process Tests will pe performed at end of unit.

a. Friction Tests

h. Flash and Fire Tests

c. Specific Gravity Test
> d. Viscosity Tests

c. Roller and B2a11 bcaring exnariment

a. Large unit test

UMIT EVALUATIGN:
1. Chock and recheck for woaknessas
2. Large Unit Test

[ 3. Changes cvident for further toaching of unit.
REFERENCES:
} STUDENT:

1. Stockel, Hartin ., ~suto Mechanics Fundamentals, Home-
wood, I11. Goodheart-Hillcox Co., Inc., 1963, Ch. 5-1.
9 Film - Refining 0i1 for Energy, American 0i1 Co.

'Yiley and Sons, Inc., 1959, Ch. 10.
2. Kock, G. P., Ph.D., Handbook of Shell Products, San
Francisco, Calif., Shell 0il Co., 1938 - Lub. =ection

3. A.S5.T.M. Standards, Part 17, 1967.
' '-

TEACHER:
1. Popovitch, i., Fuels and Lubricants, Nuw York: John
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How 01L ENTERS BEARING (SPLASH)

2. C)L ENTERING BEAR NG

2. 0)L PULLED THROUGH BY SHAFT
SHAFT Now FREE OF BEARIVG A

4




RESIDUAL 011
ONLY - SHAFTY
RETSON BEARING

O)IL ENTERING

JOURNAL
SHAFT RCTAT I1MG

OIL HAS WEDGED
SHAFT up- BEARING
AND JOSRNAL WL
NOT TOUCH

HOw 0)L ENTERS REARING (PRESSVAE) ({




FULL PRESSURE SYSTEM
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SIMPLE SPLASH OIL SYSTEM




OI1L TENDS TO RPaSIST SLIPPING

£,
SLIPPING ON BEARING — Seores “72F

| AND JOURNAL SURFACES Ol FIeM

HCTION OF i iN
BEARING
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WEDGE
I l SLOPE

L = ' v
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TABLE 3

COMPOSITE OF CAR MANUFACTURERS'

_RECOMMENDATIONS

winimun | SAE VISCOCITY NUMBER ?j
1 _ 20 W[ 10
ATR TEM 30 |20 |204|10W 5H H D HESH
PERATURES | |40130]2010
- ~ —+ ~
32°F X1 X | X} : X | X | %
I —
10°F X | X X | X
L
0°F X X | X
-10°F X | x X X
#‘ 4
BELOW Y Y
| -10°F | "
1
L l 1 1 L1




TABLE 2
SAE VISCOSITY CLASSIFICATION

SAYBOLT UNIVERSAL SECONDS

AT 0° F AT 210° F
MAX MIN MAX
4,000 —
12,000 —
48,000 S
danaasy \ 70
— 85 110




- PRILL SHALK

EXTREME PRESSURE.
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LOAD

500
450
400
350
300
250
2090
150

100

18
16
13
10

i0

22
18
16
12
i0

20

TORQUE

25
22
18
16
12
10

30

22
18
16
13
11

10-30

12
10

SIP

22
20
16
15
14
12
10

138
17
16
15
14

10

ST
S
2,




300 5.2 58 b 6.4 6.8 6.2 6.6 6.8

250 54° 6 64 66 7 6.4 7 7
x 200 62 62 68 7 7.2 6.6 74 7.4
oL
o)
% 150 64 7 78 8 ¢ 7 849
oc .
(1]
% 100 72 78 98 104 14 8 24 13
=

ROOM 86 102 14 13 22 9,8 18 21

© 1My 2 M
25 30 10 2MmN Chb 52

10 20 30 40 50 1030 20 30
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SAN JOSE STATE COLLEGE
TNDUSTRIAL STUD IES DEPARTHMEMT
156€ NDEA INSTITUTE IN INDUSTRIAL STURTES

PRESENTED BY: I.ugn Barden
Hunt Junior High School
Tacoma, Washington

INSTRUCTIONAL LEVEL: Junior Hign
TITLE: Textiles
PRESERTATION TIME: One week & up

INTRODUCTIOM:

Textiles are to be studied from the understanding of materials
approacn, not the weaving or project approach. Student activities
will consist of determining the chemical and nhysical properties
of textiles. Textiles which are to be found in the students
environment such as asbestos, cotton, rylon, acron, ravon, silk,
and weol will be used because of each fibers distinct chemical
reaction to the more common iaboratory reagents,

A3 textiles have been highly developed for many years, the
textile industry has maintained a plateau. ‘ew fiber forms
have been developed, but most have been develooed to better
meet an ever present need or in time of shortage to make a
substitute - For example, nylon to replace the loss of silk
during World War Two.

space travel is requiring the textile industry to meet mew
demands created oy man's meeting different envircnments. .evelop-
ent and research will have to deal with both fiber and fabrication
to meet the demands of each new interplanetary environment as it
is aiscovered. Students studying present textiles and environments
will have a better base for development of textiles for the space
age interplanatary environments.

OBJECTIVES:
1. 70 develop student knowledge of the different fibers
in his environment
2. To develop student knowledge of how different fibers are
affected by different environments
3. 7o develop student knowledge of how different fibers
vary in strength
4. To develop student knowiedge of simple chemical tests
to determine one fiber from another
To develop student knowledge of the proper handling
of corrosive chemicals
6. To develop student knowledge of the use of microscope
for identification of fibers

(92
L)
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INTERRELATION ITH OTHER SUBJECTS:
UNIT SUBJECT AREA: Textiles

INTERRELATION WITH OTHER SUBJECTS:

Can be included with plastics, transportation or
upholistery laboratory. Textile studies will complement the
studies of chemistry, physics, and industrial arts when the
important questions of how and why are the objectives cf
the pregram.

USE IN INDUSTRY:

In order to exist, every industry must serve its customers.
The textiles industry ig one of man's oldest and largest indus-
tries. 7o maintain itself, the industyy camnot allow its
products to fail to satisfy its customers. “hus. the textiles
industry has grown from the household syscem to an industrial {
complex employing many people - with quality control to assure
the production of the best fabmc possible.

Fiber buyers constitute the first step in the process of
quality control. Cotton alone has 13 separate grades, wood has
7 grades. The buyers have to use their judgement in selecting
and buying for the textile companies they represent. After the
buyers, the blenders job is to combine all the various kinds of
fibers together to give the consumer the qualities te satisfy
his fabric needs - as determined by the chemist and ohysicist.

The dying of fibers can take place after the yarn is spun, or
after the fiber is woven, depending upon the characteristics of
the fiber to be dyed. “ynthetic fibers often require that a
pigment be included in the original chemical mixing as a dve
at a later time woufd not be absorbed into the fiber. At times
resins are also used in such cases to adhere pigments to the
outside of synthetic fibers. “atural fibers can be dyed in a
number of different ways based en the absorption and on the
chemical change brought about to color by actual change in the
chemical composition of the fiber reacting with the dye.

“'eaving the physical combining of yarns into cloth. There
are nine fundamental weaves which may be chosen to give a
desired texture, appearance, or strength to a cloth to meet
certain physical needs.

nma———n

MATERIALS AND EQUIPHENT:
microscope
12 - 100 ml beakers




reagents:

Vitric Acid

NaCi0

Acetone

HCL

NaOH

H 504

ii6thy lene Chloride
thread and fabric samples of the follawing-

Asbestos

Cotton

Nylon

Orlon

Rayon

Silk
spring scales - 0-43 oz, 2-10 1b, 0-100 1b
aircraft fabric tester
4 test tube racks
4 dozen test tubes
12 beakers - 500 ml
glass tubing

EDUCATIONAL wEDIA:

transparencies - attached

educational films (see appendix for ordering information)
COMPOSITION AND PROPERTIES OF PLASTICS
DU PONT STORY
INTRGDUCTION TO PLASTICS
MANUFACTURE OF PLASTICS
NEW WORLD OF CHEMISTRY
PHYSICAL CHEMISTRY OF POLYMERS
PLASTICS, INDUSTRIAL PROCESSES AND PRODUCTS
PROSPECTS FOR PLASTICS
WHAT CAN THE MATTER BE?

UTILIZATION IN THE TEACHING LEARNING ENVIRONMENT:

SAFETY:
1. Pour reagent into water slowly
2. Work by the sink
3. ‘“‘ork only with friend close by
4. Work in assigned area only




FRESENTATIOW:

I. Early basis for selection of textiles: climate of environment
at that timz, sources of fiber available, skills required to
obtain fibers. Have students make a length of yarn f-om a
wad of cotton: have students unravel cloth and thread to
separate fibers.

II. Jresent basis for selection of fabrics: cnvironment where
available and needed; source of fibers. ‘-iscuss textiles
worn by students, source, conditions of treatment that
they must withstand. Test fabric samples on abrasion,
vater permeability, and tensile tester.

I1¥, ‘“mportance of textiles today

4. Home: wall coverings, curtains, furniture, finishes.
jiscuss: fire, stain, fade apd abrasion resistance.
Demonstration and experiments as to resistances.

.. GSpace: clathes, transportable living auarters.

Jiscuss: rrotection “rom inside & outside environment
of space ship - temperature control, “lood oressure
control, protection from: suns rays, cold, eat.

C. Industry: reinforcement: riscuss combining physical prop-
erties: 7lexible hoses {rubber/ cotton-rubber), ~lass
fibers in power transmission belts, aylon fabric in

- tires. protection: heat & radiation shield, electric
shock. Demo. tensile and burst strength tester.
student tests of reinforced & non-reinforced hose,
cotton & asbestes gloves for heat protection, aluminum
hacked plastic for reaction of heat radiation on each
side, and bursting strength of clotn.

IV. Troperties of textiles: thermoset & thermoplastic:

Discuss: plastics that burn without melting, ~Tastics that

melt, then burn. ctivities: teacher demo., then student
experiments with melting point and firepoint testers. Trans. 1,2
structure of matter: atowic, rolecular. discuss joining.

work with models. Students make nylon thread. trans. 3, C,

iy cy vy 10, 11, microsconic examination of fiber: riscuss

use of microcscope, physical shape of fibers. chemical
examination ¢f fibers: trans. - fiber structures: proper
handling and use of reagents, reactions to be observed,

safety. teacher demo & student exneriments in pairs.

EVALUATIGN AND OBSERVATION:

CTUDENT PERFORMANCE :
Judged on instructors chservation, :asis of work sheet,
and written test perfoimance.




2. pour reaygents

3. define atoms

4. efine molecules

5. define the difference molecular structure has on
a material

6. test and select fibers for use in fabric

‘ 5=
UNIT EVALUATION:
Do students know how to:
1. use the microscope
TEFIRITION OF TERMS:
1. card1nu the process of untangling and partially straightenina
fibers by pass1ng them between two closely spaced surfaces
f wh1ch are moving at different speeds, and at least one of
which is covered with sharp points, thus converting a
tangled mass of fibers to a filmy web.
2. kink - nlace in the fabric where a slack strand has twisted
Oﬂ itself forming a loop in the yarn or cord
3. raws - the average number of tufts or loops per inch.
counuca in the warpwise diraction
4. singling - the condition caused by the breakina of one or
more strands in a plying operation with resulting unevenness
in the finished product
5. thread - fibrous material spun out to considerable length;
especially sucn as cord ccmposed of two or more filaments
twisted together.

REFERENCES :
CTUDENT:
Modern Plastics anycloped1a Yol. &3, Ho. 1A, 1965.
PTastics Reference Issue, Machine Desmn9 Yol 38,

Nc, i4.
Phillips Petroleum Co., “lossary of Plastic Terms
Swanson, Robert. Flastics Technology

TEACHER:
ASTH Standards on Plastics
ASTH Standard. Textile Haterials, “dbers,. Zipners,
High Modulus Fibers
Zaswell, trnest R. Wellington Sears Handbook of
Industrial Textiles.
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CHEMICAL METHODS FOR AWMALYSIS OF FIBER MIXTURES

TUSSAH
HOOL  SILK  SILK RAYON NYLON DACRON

COTTON 7.5 7 3 5

DACRON 6 z 3

NYLON 3 7

RAYON 7.5 7 7
5
5

N —

O W | >

SILK

TUSSAH SILK —

3 - .28% Hydrochloric Acid
4 - 592.5% Sulfuric Acid

5 70% Sodium Hypoechlorite
6
7

Sedium Hypochlorite
5% Sodium Hydroxide

QUALITATIVE ANALYSIS OF GENERIC CLASSES
GENERIC CLASS  FIBER REMOVED TEMP, "EAGENT

nolyamide nylon roon 20% hydrechloric acid

protein silk, wool room  sodium hypochlorite (5%
available chlorine) If
silk is suspected, remove
with 37% hydorchloric acid

cellulosic cotton, flax, room 75% sulfuric acid. separate
rayon rayon with 37% hydrochloric
acid., cetton & flax can be
distinguished by micro-
sconic appearance

polyester dacron, :0del,200°F m-Cresol
rilsan




(a) Croess-Sectional View (X990,000)

(m Longitudinal View (< 25,000)

F16. 18.---Ashestos Fibers.
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(b) Longitudinal View (X 300)
F16. 2.—Cottlon TFibers, Mercerized.

iew (X 500)

(b) Longitudinal V
Fi16. 1.—Cotton Fibers, Not Mercerized.




Semi-Dull. Typical of Dacron Regular, Dacron ment, Semi-Dull Luster. Typical of Dacron

.t

(a) Croe:-Sectional View (X 500) (a) Cross-Sectional View {X506)
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(o) Longitudinal View (X250) % b) Longitudinal View (X250) x

F16. 34.—Regular Polyester {Melt Spun) F16. 35.—Low Modification Ratio Trilobal
ibers, 3.0 Denier (0.33 Tex) per Filament, Polyester Fibers, 1.4 Derier (0.15 Tex) per Fila-

ype 64, Kodel, Vycron, Fortrel, and Several Type 62.
oreign Fibers. :
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(1) Longitudinal View (X 250; (b Longituinal View (2500
I'16. 16.—Silk TFibers. Fic. 17.—Silk Tuszah Fibers.




(@) Cross-Sectional View (X500)

Criss Sectionad View (X )00)
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BURST STRENGTH TESTING DEVICE (TESTILES)

- 4" -
HANDLE
‘lzll
)
(=)
7

C )/‘ 1" DIA.HOLE

1 3/4" DIA_HOLE

MATERIALS:

(1) 2 - 2" x 4" x 4" block of maple
(2) 4 - 1/4" bolts with wing nuts
(3) 1 - 1/2" square rod 16" long

(4) 1 - 1" dia steel ball

(5) sample sizes 4™ x 4"

©

ERIC

Aruitoxt provided by Eic:




DEMONSTRATICN
TC DRAW A STRAND
OF PLASTIC

(-

\ OVERKEAD PROTECTOR

/

./\-"

,. AR
Lm i e,

/—\/‘- NYLON STRAND DPRAWN
FROM IMEMBRA NE

NYLON MEMBRANE
WILL FORM BETWEEN

o
\ | £ HEXANE DIAMINE.
S~

i .
@ SEBACOL CHLORIDE

LAYERS OF MATERIAL .
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ABRASION TESTER FOR CLOTH

ERIC

Aruitoxt provided by Eic:
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TENSILE STRENGTH OF THREAD OR.CLOTH

NOTE: FOR TESTING-
CLAMP CLOTH IN
WOODEN BLOCKS AT
EACH END OF SAMPLE
AND PLACE PULL ON
WOODEN BLOCKS,

:
§
;,
H
i




T

OVEN THERMOMETER

MELTING AND FIRE POINT TESTER (TEXTILE)

DESCRIPTION: metal box 4"wide x 12" high x 8" long. ends,
bottom, top and side closed. top made of copper
the mest made of steel and riveted together.
oven thermometer used on top. bunsen burner
is heat source.

ERIC

Full Tt Provided by ERIC. j




top block
° 3
o4 - 5/16" drill
1 3/4" dril}
4 +
Y O O
pocll 4 —inad
bottom block
b o Q
\
|
4 - 1/4" dril}
1.3/4" dril}
4 +
Y O O
—— 2 — ]
BURST STRENGTH:
construction of block
: cut block to size
drill 1 3/4" hole in center
drill 1/4" hole in corners of both blocks

counterbore bottom of bottom block for bolt heads
ream 1/4" holes in top block to 5/16"
assemble and weight assembled block and weight to even pound.

OO WN —
L) L] . . . .

construction of rod
1. cut 16" length of 1/2 sqiare rpd omtp 4" amd 10" nieces
and weld in "T" shape
2. weld 1" steel ball to end of shaft opposite handle




BOTTOM BLOCK
1 1/8 dia

/ ]

1 1/4 dia
4 174" drill
O O :
oo/ — 4n A ;
HE. '
T }. I..._
- rju I"_L
L) L___ 1
) t— 1/4
TOP BLOCK
I =
4
L vd
/
11787
L @) @)

rubber cut to shape of top block and cemented to top of bottom
block and bottom of top block for gasket.




1 1/8 dia 1 ounce capacity

=0
\\\\\\\\\\\\\\\ rubber gaskets

423Ei\\\\\\\\\\\<2:g}//////

L ’///, <
\//{
rubber bulb

o~

monometer \\
water
filled

materials for tester construction

4---legs of sheet metal

2---block of 2" x 4" x 4" maple

1---piece of glass tubing 24" Tong

1---rubber bulb for pressure

d--- 1/4" bolts and wing nuts

2 ---pieces of rubber (innertube) approximately 1/8" x 4" x 4"
rubber cenent to fasten rubber gasket to blocks

~NOYOT W N —
[ ) [ ) L) [ ) L) [ ) L)
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oAl JOSE STATE COLLEGE
INDUSTRIAL STUDIES DEPRARTIE.T
1368 dDEA LSTITUTE 1i DHBUSTRIAL STULIES

PRESEITED LY: Jerald Schoenike
Shezoyvan 'ubTic Schools
Shevoygan, Wisconsin

Al Slove j
Morth Attleboro High School
Hdorth Attleboro, iassachusetis

Hilliam Velez

San Juan Educative Regien

Rio Piedras, Puerto Rico
TITLE: The Future is Qur Assignment

INTRODUCTIGN:

This material is designed to be presented to instructors of industrial
arts, supervisors and administrators of industrial arts, and students
studying industriai arts education.

el

UBJECTIVE:

To emphasis the importance of industrial arts teachers to change the method
of instruction from project centered to a problem solving method in keeping
pace with industrial technology.

SLIGE HARRATIVE
1. Title The Future is OQur Assignrent
2. Aware of changes Industrial arts teachers, to be sure, are

aware of soma of the changes being pro-
posed in industrial arts curriculum and
organizational patterns.

3. fmerican Industry Several of the prominent neu curriculun J
ideas are: The American Industry Program
at Stout State University.

4. Industrial Arts Curriculum The Industrial Arts Curriculum Project at
Project Ohio State University.

5. San Jose State College Industrial ilaterials Program at San Jose
State College.

G. R & D in Industrial Arts The Pesearch and Cevelopment Program asso-
ciatea with the University of Maryland.

7. Realization of new approaches Understanding the methodoloqy of each of
these programs is not important, as the
realization that new approaches ars being
tried in industrial arts.
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1

11,
12,
13.
14,

15.

16,

17.

18.

19.
20,

23,

24,

™
(&)}

26,

Industrial Arts ILiwcrovenent

Rocket shot
Space vehicle

Graphics press

Electrical Generating Plant

Construction Project
2ottling Plant

Student

Teacher and tecihi. books
Jmall business

Large industry

Reading want ads
Job opening sign

Student understanding

Industrial Arts-Industry

Industrial Arts shop

Industrial Arts shop

Student-Teacher-Project

Change?

“2-

Eooh 95 reachine for the sane objective:
te serve our society in the most effective
wa¥ possible through industrial arts in-
structien,

The gr~:th of technical knowledge has
changed the entire industrial organiza-
tion.

ie can only glimpse at a few facets of
industrial comnlexities,

It is for this complex industrial society
that we must prepare todays student.

Industrial arts course content has probably
expanded more than other subjects....

and industry is changing so drastically
from the small organization.....

to large organizations....

that industrial arts can no Tonger afford
to teach little but skills and informa-
tion about a few industries if industrial
arts is to meet its objectives.

rioreover, a thorough understanding of our
inaustrial culture is essential to bridge
the cap betwoe:n the present and an in-
creasingly complex future.

Jhat does industrial arts need do in order
to maintain parallelism to that of indus-
try?

For many years, and still for that matter,
industrial arts has been known as a class
to make and fix things, by the student,
pareant, school administrators, and fellow
teachers...rather than the understanding
and application of problem solving tech-
niques displayed by todays industry.

Yes, industrial arts teachers are using
problem solving but largely for the pur-
pese of completing a project.

several points have been mentioned thus
tar as to why instructional methods need
to cnange in industrial arts....




30.

33.

34.

35.

35.

tVhv?

Scientific principles

iev concepts

Bdapt to change

Skills for consumers

Understandinc of materials

Hov:?

Viscosity equibment

Student at refrigerator

Student working experiment

Viscosity results

Teacher sawing log

rlositure effects demonstra-
tion

-3

tut let us lout: =t several other reasons
MY te nrerote probien solving in indus-
trial arts.

First, all industrial procssses are basec
on apn11cat1on of scientific principles.

Second, the time we have to teach the
subject matter dees not permit cover1ng
all the new concepts and changes occuring
in industry.

Third,
with a
to the

the technical changes demand pzople
areater ability to adapt himself
changes in his work.

Fourth, students can apply learned skills
and understandings toward constructive
leisure time activities and as a consumer
of industrial products.

fnd fifth, students will have a better
understanding of physical, mechanical,
and general environmenial properties

of materials to better understand indus-
trial operaticns.

Kow can vou as a teacher incorporate some
10ea 1nto your present program? Follow-
ing are several ideas that could easily
be seu—un in most industrial arts lab-
oratories.

Equ1nmenu needed to test and demonstrate
viscesity of rotor oils and temperature
effects on then

A refrigerator can be used to reduce the
liquids below roai temperature.

Students can determine the control factors
of the lesson and follow the experiment
through to completion.

Students can develop charts to show the
results of their tests and exploring.

Sawing “green logs"” in the classroom can
prowdn many "whys" on moisture content
of wood....

when vesults are discussed with the class
after the drying is completed. Are you
prepared and ready for the whys asked by
your students?
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Student gluing saples

Equipment set-up

Eauipment set-up

Dry test results

Student preparing coatings

Students evaluating wood

Student loading die

Teacher demonstrating
Teacher demonstrating

Pellet results

Student preéparing metal

Student at microscope

Metal sample

Wood sample

Paper tensile testing

~4-

Students can prepare adhesion samples Tor
a variety of explorations to find out why
adhesives are selected for particular
environments.

Shop improvised devices can be used to
measure comparative resultis.

This torque wrench, mcasuring inch pounds,
serves this test quitc well.

Comparative results, again, are an im-
portant experience for the students.

Coatinas provide a rich field of investi-
gations to he performed by students. This
student is preparing test samples to be
exposed to the weather.

More questions are sure to result when the
saniples are examined after contrcl time
expires. This type of activity provides
real cye-openers for both student and
teacher.

Powdered metal materials can be compared
to solid metal materials as to gencral
propertics in addition to discussing the
nrocess and use of powered metals in in-
austry.

Powered metals in the classroom will cause
interest and excitement with the students.

Students need to he involved.

When using the microscope, careful prep-
aration needs to be taken by the student
to prepare the samples to be examined.

The microscope can be a most valuable tool
to demonstrate composition material,

Students will be more interested in their
mataerial when they can see the metal as
shovm,

or this sample of cedar vood.

Nevices necd not be elaborate to demon-
strate characteristics of materials.
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55. Student at apparatuc Phe tonsile strength of paper can effec-
1iveiy br: co.pared and grain structure
can be deturminec.

56. Corrosion activity sctup Corrosion of metals is easily demonstrated.
Students can arrange different metal com-
hinations to study resuits.

57. Chemical ion exchange The study of the actual reaction that takes
place will reinforce the students activity.

59. Results of five days Several days of observation will bring
home tho message of corrosion.

59. Solutions and iron particles Long range demonstration can be arranged
' by using different solutions, such as sea
water, common drinking water, anti-freeze,
and silicone dichromate.

60. Flame test on plastics Flame testing of plastic materials will

61. Flame test on plastics demonstrate particular properties of these
new materials. Other interesting tests
students could conduct is that of chemical
corrosion, impact, and tensile strength.

62. Testing flexibility of dendina characteristics of metals are
metals vividly shown when comparing metals on

63. Testing flexibility of simple tusting device. Since comparative
metals rosults are 211 that is necessary, real

close measurcments are not necessary.

Lt the conclusion of these slides, it is appropriate for the presenter to
arovide a summary statement as to applications that can be wmade to their
situations.

RECOMNEIDATIONS «

Scveral approaches can be used in presenting tivis idca of problem solving.
S1ides can be used and arranged in an order to complement the organization
desired by the presenter. He would encourage the people that use thesc
slides to investigate several approaches to presentation.




FILIS VIE 0 DURIMEG DES IHSTITUTb, SUHER, 1908

JOCE FT,TE COLLESE

ATOMIC POVER

PCHER AdD PRCUISL

Jdr. % Cr, Hiah, Color

Fui]*ing of the Tirst atomic power plant., Discusses reaction
and how the reactor vorks.

Lvaluted bj 1&~-go0c to excellent

Seurce #3

PIUER REACTORS

Sr. fish, Coleor, 10mm., 125
Types of atomic reactors.
cvaluatecd by S--go04

Seurce #3

kgl

ADHESIVES

& e ?ORIZO%S FCR REIAFDECED EROXIES

dr, & Sr, High, 6 &%, 16mm,, 7 min., ¢ & T

Surfa e coating ann11cat1on of concrete, wall board, and floorina,
Evaiuated by 10-‘fa1r Lo good

Scurce #26

DOLYSULFIPF SASE TMDUSTRIAL SEALAM
Jdr. A Sr, High, C, 15mm., 15 min.
Liquid pelymer sealant and acdhesive.
Evaluated by 5--fair

Source #25

CHEMISTRY.

ACILS, 8A8SES, AnD SALTS

Grades 10-12, Color, lomm., 22 min., $120 B & ¥, $240 C
Explains the properties and uses of the impertant chemical com-
pounds whose water solutions contain ions. Saows household and
industrial uses.

Evaluated by 4--qoed

Seurce #£6

ﬁ CnPau. AD ITS COMPOUIDS

f Jr. & Sr. Hich, College, Color, 16mm., 11 min., $60 P & Y,
$120 Color

Explains carbon's simpie compounds and introduces hydrocarbons
and the morz complex chain ant ring compeunds,

Pated by 13--c1d but good

Source 6




-

CHEC:ICAL BQD 27D [TO0IC STHUCTURE

Sr. High, College, Color, TAmm., 1€ min., 580 & 2 ¥, ¢120 Color
Animation and laboratory demenstrations show covaient, ionic, and
metallic bonds anc explains how boncdina affects the physical and
chemical propertizs of 2 ruibstance.

Evaluated by 14--good to excallent

Source #6

CRYSTALS-~£N IMTRODUCTION

Sr. High, College, Color, 16mm., 25 nin., 19585, nrice~-free
Instructor's pamphlet available,

A Bit Tong but shows formation of crystals and their characteristics.
Film is for introducing the subiect of crystallegraphy by demonstrat-
ing the orderly arrancement of atcms in the crvstalline state and the
relationship of this arrangement to the physical preparties of the
substances.

Evaluated by 11 -000d to excellent

Source #18

EAPLORIG THE ATONIC MUCLEUS

vrade 10 to college, 16rm., Color, 13 min., $75 B & i, $150 Color
Shows recent discoveries in the atomic structure, along vith the basic
equinment used.

Evaluated by S--no value

Source #6

PAYSICAL AWD CHEMICAL CHAIGE

Sr. High, Collegce, & % ¥ and Color, 28 min.
tvaluated by 2--poor

Source #6

PRINCIPLES OF IONIZATIC:

Sr. Hiah, Collene, B & ¥, Color, 13 1/2 min.
Evaluated by 3-~fair

Source #6

PROPLRTIES OF 7.CIDS, BASES, ANG SALTS

sr. Hign, Color, 16mm., 28 min., 5125 § & 4, %250 Color
Properties of solutions of acids and bases are illustrated and
tested,

Source #€

USING THE LABORATORY (CHEMISTRY AND PHYSICS)
General information for science classas.
Evaluated by 1--o0o0cd

Source #5




CORROSION

CORROSIOH
Jr. & Sr. High, Colleue, Color, 16mm., 26 min., 2 parts
Shows the oxide-metal-oxide cycle. 1st part uses animated
4 sequences te describe the method by which stainless steels
resis? corrosive attack. 2nd part demonstrates statcment of
part 1.
Evaluated by 2--excellent
Source #23

CORROSION IN ACTION I, II, III

Sr. High, College, Color, 16mm., 1653, 3 reels, Pait I {26 min.),
Part II (17 min.)

Covers large areas of corrosion. Explains and demonstrates

the nature of corrosion.

1 Evaluated by 6--excellent

! Source #19

ZIMC COMTROLS CORROSION

Color, 16mm., 38 min., Order #1627

j Demonstrates the nature of corrosion and how zinc application
guards against cerroding element.

Source #14

G N,

ELECTRONICS

CERAMICS AND ELECTRONICS

Sr. High and Collece, Coior, 16mn., 22 min., 1961

Production of porcelain terminals in electronic components.
Importance of ceramic materials in the elactronics industry.
Evaluated by 7--fair to good

Source #24

AL g i i

t INFRARED

ﬁ Sr. High, Color

, A presentation of electromagnetic radiation.
: Evaluated by 6--good

3 Source #1

TONIZATION
‘ Sr. High, College, L & U, Color, 18 1/2 win.
i Shows electron exchange

} Evalualuated by 3--good
Source #6
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r METAL

ALUIMINUM--METAL OF MAIY FACES

Jdr. & Sr. Hidgh, Coliece, Color, 1Cmm., 28 min.
Discusses aluminum and its properties. Processes of
refining from mining to smelting. fLorrosion-resistant,
anodizing, permanent coloring.

Evaluated by 4--fair to good

Source #5

AUTOMATIOH Iii THE METALLURGY LABORATORY

Sr. High, Color, 16mm., 30 min., free

B demonstration of modern methods of metallurgical sample
preparation including cutting, grinding, mounting. ]
Evaluated by 1--good
Source #4

COLOR AilD TEXTURE IM ALUMIMUM FIMISHES

Jr. & Sr. itigh, College, Color, 16mm., 18 min.

Too much promotion, little on materials cr processes.
Appliances, architectural and automotive abplications.
Evaluated by 9--poor to fair

Source #

4 HEAT TREATING OF STEEL--ELEMEHTS F HARDEMIIG

8 Jr. & Sr. High, College, 3 & Y, 16mm., 20 min.

Discusses the principles and procedures involved in tempering,
normalizing, and annealing.

Evaluated by 23--excellent but old

Source #5

HEAT TREATHENT OF ALUMINUM

Sv. High, College, B & 4, 16mm., 2 parts (I--20 min., II--24 min.)
Grains, slip planes, crystal lattice.

Evaluated by 12--good, old

Source #

HOW IMETALS BEHAVE

Sr. High, College

Evaluated by 7--good content but slightly long and boring
Source #

METAL CRYSTALS IN ACTIOi

Sr. High, Jr. College

Crystalline metal structures. Shows how grain structure affects
physical properties.

Evaluated by 8--good

Source #14

E ERIC
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HMODERH HETHGDS FOR JOILING RETALS

Sr. High, College, Color, 16mm., 20 min.

Filmed in metal fabricating plants and in Lindes' research
and develcpment laboratories. Tllustrated Lindes' electric-
welding processes and their applications in indusiry.
Evaluated by 10--good

Source #27

POYDER METALLURGY

B &, 16mm., 19 min.

Applications of powder metalluray.
Evaluated by 11--good to excellent
Source #

HISCELLAREQUS

ENGIKEERING WITH GLASS

Grade--all levels, Color, 1tmn., 28 min., 1962

Examines all types of glass and its usas. An extensive study
in the properties of glass.

Evaluated by 4--good

Source 72

MINUS 3200

16mw., 14 min., free

"Operation Cryogenics" history, research, and a digest of the
tests of results.

Evaluated by 13--interesting but not too useful

Source #2

THE HATURE GF GLASS

Color, 16mm., 37 min.

Demonstrates graphically through experimentation the technical
degree to which glass characteristics can be varied and con-
trolled.

CLvaluated by 2--good

Source #2

THE SCIEHNCE OF FIRE

Color, 16mm., 20 min.

The scientific explanation of combustion flash points, ignition,
temperatures, vapor, travel.

Evatluated by 6--good

Source #2

A TIP, A TOOL, A CHIP

Color, 16mm., 20 min.

Cemented carbides. Too much advertising.
Evaluated by 3-~good

Source #28

UNBERHAY

Color, 16mm., 35 min.

General interest. Construction of U.S. Savannah 1259,
Evaluated by 7--fair to good

Securce #3

+ A
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" PAINTS AHND COATT:GS

THE HAGIC TOUCH

Color, i6mm., 22 min., 1960, frce

Shows how synthet1c latex is manufactured. Covers four basic
lattices. Explains action and reaction of monomers, polymers,
and co-polymers and the resulting molecular chain,

Evaluated by 2--well done but not too informative

PAINT SCIENCE AND TECH.ICLOGY i
Source #8

RAISBURG ELECTROSTATIC PAINTING

Jr. & Sr. High. Collage, Ceolor, 16mm., 22 min.
Sales pitcn on 2lectrostatic painting.
Evaluated by 4--fair

Source #12

o od et

HONDERFUL HIORLD OF QUALITY PAINT

Jr. & Sr. High

Too much advertising but reviews paint production.
Evaluated by 5--pcor to fair

Source #9

POLYIERS

DESIGN OF MOLDED PHEHOLICS

8 &4, 16ma., 30 min., 1956, free

A technical film on molding problems of phenolics. It does not
tell anytning about the nature of the phenolic material.
£valuated by 5--good but not really usable

Source 26

FOCUS OH FOAM

Jr. & Sr. High, Color

Describes the differences in plastic foams with particular cmphasis
upon stvrofeam in the construction industry.

Evaluated by 7--good

Source #7

THE AGIC MOLECULE
‘ Jr. High, 16mm.
Describes ilarlyx (Philips Chem. Co. Piastic)--shows characteristics
of their plastics.
Evaluated by 2--fair
Source #

MANUFACTURING REINFORCED PLASTICS
Source #20

§ ERIC
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HOLDING PHENOLICS

Sr. High, Collemge, § & U, 16mn.

Discusses the types of molds usad in the production of thermo-
setting plastics.

Evaluated by 3--good

Source #26

ORIGIN Ai'D SYNTHESIS OF PLASTICS
Source #20

PHYSICAL CHEMISTRY GF POLYMERS

Color, 16rm., 22 min., 1962

Physical properties of polymers.
Evaluated by 2--very good to excellent
Source #18

PLASTICS--THE MIRACLE OF MODERH LIVING
: Source #26

POKER

j CRUDE OIL DISTILLATION

5 B & W, 16mn., 13 min.
Demonstrates fractionization. Distillation process and history,
equipnent used. folecular changes. Tells how crude petroleum

- is composed of carbon and hydrogen atoms.

( Evaluated by 6--fair to good

Source #22

FRONTIZRS OF FRICTIGH

Color, 16mm., 18 min., free

How friction is used and how it is roduced by applied and pure
researcn.

Evaluated by 15--good to excellent

Source 722

GREASE, THE MAGIC FILM

Jr. & Sr. High

Use of greases under different environments. Its manufacturing
and proper uses.

Evaluated by 3--good

] Source #17

HARIESSING LIQUIDS

B & i, 16mm., 12 min., free

Theory of hydraulics and how hydraulic. power is used in brakes,
hoists, and landing gear.

Evaluated by 4--01d but good

Source #21

L A INTRODUCTION TO THE HEAT ENGINE
) B & W, dr. & Sr. High, 16mm., 23 min. _
An introduction to the heat ongine. Prasentation of the theory and
use of heat engines, as a source of power,
Evaluated by 4--poor (ol1d)
Source #22

ERIC
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THE HATURE OF HEAT

Jr. & Sr, High, College, Color. 15mm., 12 min.
Three methods of hcating,

Evaluated by €--ucod

Source #6

OIL FILMS I¥ ACTION

Sr. High, Color, 16um., 16 min.

Filmed in G, #. Tahoratories to show how oil films behave in
bearings dealing with co-efficient of friction, one film pressure/
load, viscosity.

Evaluated by 2--good

Source #10

POLUER FOR PROGRESS
Source F15

PRESSURE IM FLUID AT REST

Sr. High mostly, tut all levels, 3 & ¥, Color
Evaluated by 1--good

Source #6 ‘

Ak it s atinchad M L Seeimtiaiek i

RETURN FROi4 SPACE

Jr. & Sr. Hiah, Coliege, Color, 10mm., 29 min.

Many nev ideas and tests being conducted by M.A.S.A.
Evaluated by 7--excellent

Source #15

RUBBER FRG® OIL
Color, 30 min.
Shows how petroleum rescarch by two young scientists morc than

20 years ago led to the development of synthetic rubber, so important
to our var effort.
Source #20

SPACECRAFT PROPULSIQH AHD PCHER

Jr. & Sr. Hich, College

Describes powar systems on a spacecraft.
Evaluated by 2--good

Source #15

A SPARK IN TIME

Color, 16rm., 22 min., Crder #2211
Auto ignition system

Source #14

STORY OF LULRICATING OIL

Jr. & Sr. liigh, College, Color, 16mm.

Animated cartoons--0il1 refining and additives. Film is old.
Evaluated by 5--good

Source #5
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COMPARATIVE FIRE TEST (M TINMBER MDD STEEL DENAS

Jdr. High & Sr. itich, College, 16ma.,

Color

Wood vs. steel, under controlled conditions, in a tire test.

Evaiuated by 4--good
Source #16

COiPARATIVE FIRE TEST OH H0OD AND STt

Grades 11 & 12, Color, 1€mm., 15 min.
Description of fire test on comnarabl
members.
naterials.
Evaluated by 5--good
Source £16

~

SOURCES

Aerojet-General Covrp.
Public Relations
Sacramento, Calif. 95813

5

Association Films
25358 Cypress Avenue
Hayward, California

10.

AV Services
18490 Alcatraz Avenue
terkeley, Calif. 94703

11.

Buehler, Ltd.

2120 Greenviood Street
Evanston, I111. 60204
(P. 0. Dox 830)

12.

Burcau of Mincs

U.S. Dept. of Interior
4800 Forbes Avenue
Pittsburg, Pa. 15213

13.

14,
Craig Corp., Coronct Films
3410 So. La Cienega Blvd.
Los Angeles, Calif. S0016
15.
Dow Chemical Co.
AV Center-Film Library
fbbott Road 5ldg.
HMidland, {iich. 48540

Federation of Societies
for Paint Technology
121 S. Broad Street
Philadelphia, Pa. 19107

16.

EL. JOISTS

e steel and wood construction

Draws several conclusions concerning usage of these

Fuller-0'biian Corp.
1342 i1low PRoad
tienlo Park, Calif. 24025

General riotors Corp.
Staff Film Library
3044 4. Grand Elvd.
Datroit, Mich. 48202

Goodyear Tire & Rubber Co.
Public Relations Dept.
Akron, Ohio 44316

Ideal Pictures
15 E. Maryland
Indianapolis, Ind. 46204

Keystone Steel & iivre Co.
Venard Organization
Feoria, I11inois 61602

Modern Talking Picture Service
2238 Cuclid Avenue
Cleveland, Ohio 44115

NJALSUA,
Center
Public Affairs Office
AP 2

louston, Texas 77058

fianned Spacecraft

National Forast Products

Rm 213, Professicnal Building
E1 Cerrito Plaza

E1 Cerrito, Calif. 94530




Ll

ERIC

MY A rirrent rovided by emic

]7.

18.

20.

21.

22.

24.

25.

26.

27.
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National Lubricating Gieate
Institute

4635 Yyandotte Street
Xansas City, Ho. 64112

Pacific Telephone Film Library
16 Spear Street
San Francisco, Calif. 24105

Rothacker, Inc.
241 West 17th Street
Hew York, Hew York 10011

Santa Clara County Audio Visual
[ An b
LENTED
1110 H. 10th St
San Jose, Calif

nnt

r
oriia

Shell 011 Co.

Film Library

430 Peninsular Avenuc
San Mateo, Calif. 24401

She1l 0i1 Co.

Film Library

450 11, Heridian Strect
Indianapolis, Ind. 46204

Syndicated Films, Inc.
1022 Forbes Avenue
Pittsburg, Pa. 15215

Tektronix. Inc.

Film Library

P. 0. Box 500
Beaverton, Oregon 97005

Thiokol Chemical Corp.
Film Library

P. 0. Box 27

Bristol, Pa. 13007

Union Carbide Corp.

Chamical and Plastics

1355 !, Front Street
Plainfield, Mew Jersey 07063

Union Carbide Corp.

Linde Division

22 Battery

San Francisco, Calif. 94106

\iesson Company

Marketing Service Department
800 Harket Street

\'aukegan, I11. 60085




