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This study was made to determine the advantages of the

use of epoxy resins in the industrial arts laboratory. The

purpose of this study was to determine the feasibility of

using epoxy resins as a wood adhesive. Data was gathered

from texts, periodicals, and unpublished data. Tests were

conducted using epoxy samples acquired from three epoxy

manufacturers on three different woods and joints. The study

discusses the advantages and disadvantages of using epoxy

resins as a wood adhesive and the material and equipment

necessary for the use of epoxy resins. Strength tests were

performed on the joints adhered with epoxy and on joints

adhered with white glue. A hand operated high tensile

strength machine was used to conduct the tests.

Epoxy Resins were found, in most cases, to give a more

durable bond than white glue.

Further Btudies should be made using epoxy resins as

adhesives for metal, glass, plastic, and other materials used

in the industrial arts laboratory.



TABLE OF CONTENTS

Page
LIST OF TABLES . . . .v........... .

LIST OF ILLUSTRATIONS ..... ..... vi

Chapter

I. INTRODUCTIONUCTIO... 0 .,. . .

Statement of the Problem
Purpose of the Study
Definition of Terms
Limitations of the Study
Source of Data
Method of Procedure
Related Studies
Organization of the Study

II. EPOXY RESINS .. . . . .0 12

Definition and History
Types
Uses

III. WOOD ADHESIVES USED IN THE INDUSTRIAL ARTS
LABORATORY AND THEIR BASIC
CHARACTERISTICS ... .... ..... 18

Animal Glue
Polyvinyl or White Liquid Glue
Aliphatic Resin Glue
Plastic Resin Glue
Resorcinal Resin Glue
Casein Glue

IV. EPOXY RESINS IN THE INDUSTRIAL ARTS
LABORATORY . . . . . . . . . . . . . . . 23

Advantages
Disadvantages
Instructional Material and Equipment
Testing of Joints
Reason for Using Epoxy

iii



iv

Page

V. SUMMARY, FINDINGS, AND RECOMMENDATIONS , . . o 34

APPENDIX . 0 . , . , . , , , , . , , , . * , . . * , . 38
BIBLIOGRAPHY , . . , , , , . . . . , , . , . , . , , , # 43



LIST OF TABLES

Table Page

I. Evaluation of Epoxy Use for End
Grain Wood Joints .... .. . ..... . 27

II. Evaluation of Epoxy Use for Edge
Grain Wood Joints .. 0..0 . .0. ... .. . 28

III. Evaluation of Epoxy Use for Face
Grain Wood Joints 0... .0 . .0. .... . 29

IV. Comparison Evaluation of Epoxy and
White Glue for Wood Joints .. 0..*.... . 30

V



LIST OF ILLUSTRATIONS

Figure

1. Test Joints . . . . . . . . . . . . . . . . . . 26

vi

Page



CHAPTER I

INTRODUCTION

A little more than a decade has passed since commercial

production of epoxy resins begun. During this period, many

significant accomplishments have been made. Among these are

improved manufacturing operations, which have resulted in

better quality resins, increased production, and lower prices.

In addition, a clearer understanding of the chemical structure,

reactivity, and the curing possibilities of these resins have

permitted not only new uses and the near optimum utilization

of conventional epoxy resins but also the development of new

epoxy resins to fill existing needs (2, p. 1).

It is estimated that by 1975 over 250 million pounds of

epoxy resins will be sold annually, which is twice the amount

sold in 1965. The unique combination of properties found in

epoxy resins accounts for this growth. These include high

strength, excellent chemical resistance, electrical prop-

erties, heat resistance, low shrinkage on cure, and good ad-

hesion to most materials (5, p. 75).

Statement of the Problem

This study was made to determine the advantages of

epoxy resins as a bonding agent for wood and in what ways
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they are superior to selected wood adhesives commonly used

in industrial arts laboratories.

Purpose of the Study

The purpose of this study was to seek information con-

cerning the use of epoxy resins in the industrial arts

laboratories. The study attempted to answer the following

questions:

1. Which of the three wood grains exhibit the best

bond?

2. How do epoxy-resins compare with white glue?

3. Is special equipment needed in the industrial arts

laboratory for the use of epoxy resins?

Definition of Terms

Adherend.--"A body which is held to another body by

an adhesive" (I, p. 161).

Adhesion.--"The state in which two surfaces are held

together by interfacial forces which may consist of valence

forces or interlocking action or both" (1, p. 161).

Adhesive.--t"A substance capable of holding materials

together by surface attachment" (9, p. ix).

Bond Strength.--"The unit load applied in tension,

compression, flexure, peel, impact, cleavage, or shear,

required to break an adhesive assembly with failure oc-

curring in or near the plane of the bond" (9, p. x).
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Cure.--"To change the physical properties of an ad-

hesive by chemical reaction, which may be condensation,

polymerization, or vulcanization; usually accomplished by

the action of heat and catalyst" (1, p. 163).

Delamination.--"The separation of layers in a laminate

because of failure of the adhesive, either in the adhesive

itself or at the interface between the adhesive and the

adherend, or because of cohesive failure of the adherend" (1,

p. 163).

Filler.--"A relatively nonadhesive substance added to

an adhesive to improve its working properties, permanence,

strength, or other qualities" (9, p. xi).

Hardener.--"A substance or mixture of substances added

to an adhesive to promote or control the curing reaction by

taking part in it. The term is also used to designate a sub-

stance added to control the degree of hardness of the cured

film" (1, p. 164).

Interface.--"The adherend surfaces immediately adjacent

to and in contact with the adhesive layer; the area of con-

tact between the adhesive and adherend surfaces" (3, p. 326).

Joint.--"The location at which the two adherends are

held together with a layer of adhesive" (1, p. 164).

Plastict--"A property of adhesives which allows the

material to be deformed continuously and permanently with-

out rupture upon the application of a force that exceeds

the yield value of the material" (9, p. xii).
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Resin.--"A solid, semisolid, or pseudosolid organic

material which has an indefinite and often high molecular

weight* it exhibits a tendency to flow when subjected to

stress, usually has a softening or melting range and us-

ually fractures conchoidally" (9, p. xii).

Thermoset.--"Solids that may become soft when heated

but will never again liquify" (9, p. xiv).

Viscosity.--"The internal frictional resistance of an

adhesive flow when that resistance is directly proportional

to the applied force" (1, p. 168).

Limitations of the Study

This study was made for the purpose of showing the use

of epoxy resins in wood projects requiring an adhesive. This

study cites briefly the other types of adhesives used at

various times in the industrial arts laboratory and discusses

their basic characteristics. There are many types of epoxy

resins but this study was limited to two part epoxy resins.

The study was further limited to three types of wood and three

different types of joints.

Source of Data

In conducting this study it was found that while

information about the history of epoxy resins and their in-

dustrial uses was abundant, extensive research revealed there

was no available information on the uses of enoxy adhesives



5

devoted exclusively to the industrial arts laboratory. Sources

were found in various issues of journals, periodicals, and un-

published literature received from the epoxy manufacturers in

addition to books on epoxy resins. Experiments were designed

to determine the epoxy best suited for laboratory use and to

illustrate the value of the epoxy resins.

Method of Procedure

Epoxy resins have shown such growth potential since 1967

that they offered a magnitude of possible study areas. One

such area particularly lacking in information, is the use of

epoxy resins in project construction in industrial arts classes

on all levels, junior high through university. When this study

was formulated it was decided that it should be limited to one

area. The area chosen for research was the adhesive quality

of two part epoxy resins. A statement of the problem was made

and the experimental design formed. Letters were sent to five

manufacturers and samples were received from three of them.

Tests were developed utilizing three brands of two part epoxies

on maple, walnut, and mahogany. Samples were acquired by

written request (Appendix).

Three types of wood were chosen for the tests: walnut,

maple, and Philippine mahogany. Each of these three woods

offers a bonding difficulty that is difficult to overcome with

ordinary adhesives.

Edge, end, and face joints were chosen because they are

difficult to join and are often used in laboratory projects.
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Tests were performed with a hand operated tensile test ma-

chine to ascertain the strength of the joints. A similar

series of tests were performed using white glue as the ad-

hesive.

Data were gathered concerning the history and develop-

ment of epoxy resins and research was conducted to determine

uses of epoxy. Tables were devised to present test data.

The tests were then made and the written report was prepared.

Related Studies

There were no studies directly related to industrial

arts laboratory use of epoxy resins and the available

resources were limited to industrial use of epoxy resins.

Though not directly related to laboratory use the studies

of industrial use of epoxy resins assist in the overall com-

prehension of the possible uses.

A special report in Materials Engineering discusses

forty-one new adhesives that had been in use since the first

of that year (1970). It was stated that progress was slow

but sure. Of these forty-one new adhesives used for bonding

parts, seven were epoxy resins. The uses and properties of

these seven included the induction field with a one-part epoxy;

an aluminum filled epoxy with a metallic appearing bond be-

cause of the gray color, once it is cured it can be ground,

filed, or machined; a modified epoxy film adhesive used in

prefabricated structures; a self-catalyzed, one-part epoxy

adhesive with the consistency of butter for non-flow bonding
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of many materials including most metals and plastics and

such non-metallics as rubber, diamond, ceramics, glass, and

mica; a two-part 100% solids epoxy adhesive designed to

conduct heat quickly from electronic components while keeping

good electrical properties; an epoxy with adjustable flexi-

bility; a nonmetallic-filled, one-part adhesive to be used

for electrical appliances where an aluminum-filled adhesive

is not practical. It was speculated that the reason that

these adhesives were not more widely used was that potential

users were "skeptical" of the claims made for them (6, pp. 34-

37).

The February, 1971, issue of Materials Engineering

discussed eleven new adhesives that are especially efficient

in bonding dissimilar materials. Five of the eleven are' epoxy

resins and one was formulated for bonding plastic parts to

themselves or to other substrates that are used in the manu-

facture of furniture (4, pp. 24-25).

Another article in the February, 1971 issue of Materials

Engineering discussed the machining difficulties encountered

with graphite epoxy composites. It was stated that machining

of this material takes from two to six times as long as or-

dinary machining metal. Recommendations were given to make

machining more efficient; using conventional band saws with

blades of at least ten teeth per inch; high speed drilling

with a minimum included angle of 60 degrees on the drill point;

low speed, high torque drill motors with constant drill speeds;
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ultrasonic, abrasive jet and laser machining where it is

possible to use flood coolants; and because of the abrasive

quality of graphite and epoxy waste out of machine oil and

lubricants face mask respirators should be used by operators

(8, p. 25).

A flocking application used by a manufacturer of wall

panels that utilizes epoxy adhesives was discussed in an

article found in Adhesive Ag. The company can prepare

flocked wall panels either in the plant or can, by using

portable equipment, carry this process into the construction

site or the home or office. After the surface is prepared

and made dust free the epoxy adhesive is applied and as soon

as possible the colored nylon fiber are "shot" into the

adhesive. The finished product is waterproof and mildew re-

sistant. The surface, to a great extent, cushions sound,

minimizes glare and is resilent. It cleans with brushing or

light vacuuming and can be washed with detergent (7, p. 34).

The importance of proper surface preparation was dis-

cussed in the July, 1970, issue of Materials Engineering.

Two of the factors to be considered are the base material and

the size of the bonding job. A brief discussion of various

mechanical preparations included: brushing; abrasion blast;

vapor honing; and, sanding by either hind or power. The

article discussed the methods best for each type of surface

and included plastic, metal, rubber, and glass (11, p. 40).
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In activation of softwood veneers was discussed in

June, 1972, issue of Adhesive Age. The Canadian plywood in-

dustry encountered bond difficulties caused by a chemical

change in surface layers. These were solved by the use of

phenolic resin, a waterproof adhesive, and a proper schedule

of drying temperature and time (10, p. 24).

Organization of the Study

Chapter I introduces the subject followed by a statement

of the problem, the purpose of the study, definition of

certain terms considered pertinent to the study, and limi-

tations of the study.

Chapter II is divided into sections discussing briefly

the definition of epoxy resins, the history of epoxy resins,

their invention and development, the different types of epoxy

resins, and how these different types are used.

Chapter III discusses the use of wood adhesives other

than epoxy resins presently used in industrial arts labor-

atories.

Chapter IV is divided into six areas. These six areas

discuss the advantages and disadvantages of using epoxy resins

as a wood adhesive in the industrial arts laboratory. Further

discussion involves how they can be used there. The chapter

discusses the instructional materials and equipment necessary

for the use of epoxy and their availability. Further, the

chapter describes the testing and evaluating procedures used.
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The chapter closes with a discussion of the reasons for using

epoxy resins in the laboratory.

Chapter V contains a summary, findings, and recommend-

ations.
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CHAPTER II

EPOXY RESINS

Definition and History

Epoxy resins (embedding resins), one of the newest

of the industrial plastics, were first synthesized in the

late 1920's and early 1930's by Castan in Switzerland and

Greenlee in the United States (8, p. 1). The first com*

mercial epoxy resins were the reaction products of epi-

chlorohydrin and bisphenol A (1, p. 1). Epichlorohydrin

is a colorless, mobile liquid produced from proplene and

chlorine with dichlorohydrin as an intermediate. Bisphenol

A is produced from phenol and acetone (10, p. 2). Epoxy

resins are a viscous liquid or a brittle solid, of no use

until reacted and hardened with other materials. They are

of the thermosetting class of plastics, such as polyester

and phenolic resins. These resins, because of their unusual

property make-up, have experienced wide popular acceptance.

Some of the basic characteristics of the epoxy or embedding

resins are low viscosity, regulated curing time, lower shrink-

age, high moisture resistance, high mechanical strength, and

high heat dissipation. Low viscosity is available with the

addition of certain curing agents to the liquid resins making

it possible for applications requiring flow through a specific

orifice. Curing agents added to epoxy resins regulate curing

12
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time with a table of 5 to 15000 (9, p. 5). Because of

inherent thermal stability epoxy resins have lower shrinkages

than do organic plastics after long term aging at elevated

temperatures (4, p. 4). Epoxy resins have a very high

moisture resistance (5, pp. 45-48), possess high mechanical

strength, and promote high heat dissipation (7).

Types

Epoxies come in powder, pellet, fluid, and flake forms.

The most common of the processes using epoxy resins are

potting, casting, transfer molding, encapsulating, and impreg-

nating. The terms embedding, potting, and encapsulation can

be used interchangeably (5, pp. 7-88). The embedding or epoxy

resins are generally referred to as low-pressure-reacted resins,

meaning those which can be changed from liquid to solid at or

near room temperature, at low molding pressures, or at atmos-

pheric pressure. This conversion process is referred to as

hardening or curing (8, pp. 30-31). As compared to the high-

pressure molding resins epoxy offers lower equipment, pro-

cessing, and tooling costs (11, p. 81).

Of the commonly interchangeable epoxy terms, the two

most frequently interchanged are encapsulating and embedding.

Encapsulating involves dipping in a high-viscosity or thixo-

tropic material and is usually considered as a coating applied

to a component or assembly. With this process the primary

concern is maintaining a seal against atmospheric contaminants

(6, pp. 48-55).



In casting processes the design of the mold should

provide for minimum internal stresses during curing and for

proper shrinkage. In the process the mold must be cleaned

and a spray release agent applied so the resins will not

adhere to the walls of the mold. There are three techniques

used in casting: bench, vacuum, and pressure. Metal molds

have the advantage over plastic because of the thermal con-

ductivity used in oven curing. Flexible plastic molds have

the general advantage of allowing cured parts to be removed

by squeezing and physically distorting the mold which can be

restored to the original shape and reused. Flexible molds

are often not suitable for larger products because of their

relatively short life (11, pp. 2-3).

The potting process is similar to casting except that

the assembly to be potted is positioned in a can, shell, or

other container. In potting applications, where the mold is

to remain permanently in placq, the mold release problem is

overcome. One of the main problems with potting is the

spillage, overflow, and dropping of the resins onto the out-

side surface. Solvent cleaning is unsatisfactory because the

solvent will enter the container and affect the potting ma-

terial (12, p. 23).

In the impregnation process the liquid resin is forced

into all the interstices of component or assembly, after which

the resin is cured or hardene$. The impregnation process is

begun by taking the assembly and submerging it in a resin

14
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that has been catalized then applying a vacuum, pressure, or

a sequence of vacuum-pressure. Cycle length is dependent on

desired degree of impregnation. In some cases the process is

by centrifugal means. A container is filled with resin and

is placed in the centrifuser and the entire assembly is spun

at a high velocity (8, pp. 183-211).

One of the most outstanding advantages of the transfer

molding process is a higher production ratio and greater

economy, especially for items produced in large quantities.

In transfer molding the resins are usually in the powdered or

pellet form. The powder or pellet is heated in a molding

press to a liquid at which time it flows under pressure into

a mold cavity forming the product. During the transfer mold-

ing process pressure as low as fifty pounds psi (per square

inch) may be employed; belt transfer molding compounds are

handled at pressures from 1,000 to 10,000 pounds psi (5, p.

91).

Uses

Epoxy resins are used in many ways by many different

types of industries; one such use is in the transportation

industry. The uses of epoxy resins in transportation are

many, and except for their prohibitively high costs in pro-

duction,application would be even wider spread. If epoxy

resin prices were to equal those of polyester resins they

would enjoy an even broader spectrum of use in the auto-

motive and marine fields. Some of the transportation uses



are adhesives for attaching plastic and metal trim; sealants

for fuel tanks; storage battery sealants; metal to metal

bonding to eliminate rivets and reduce weight and surface

air friction in aircraft; hull construction; deck coatings

for aircraft carriers; highway traffic markers; coating for

highways and bridges; and airport runway repairs (3, p. 76).

Epoxy is also used to adhere wood in the construction of small

aircraft. Other industries which use epoxy are those of

building-construction and furniture manufacturing (2, p. 108).
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CHAPTER III

WOOD ADHESIVES USED IN INDUSTRIAL

ARTS LABORATORIES AND THEIR

BASIC CHARACTERISTICS

At the present time, adhesives other than epoxy resins

are being used in the bonding of wood in industrial arts

laboratories. Each adhesive possesses its own individual

characteristics which must be considered in the context of

the bonding process. In order to make the best possible

bond, one must also consider the characteristics of the wood

to be bonded. The strongest adhesive should not always be

considered as the best for the job to be done, for there are

several points which must be noted in order to make the ad-

hesive selection that will be of greatest value to the in-

dividual project.

The first consideration that must be given attention is

that of the characteristics of the wood which is to be bonded.

Of major importance is whether the wood is heartwood or sap-

wood. Heartwood possesses closed pores which do not accept

adhesive readily, whereas sapwood, with its open pores, tends

to be absorbant (4, p. 507). If there is difficulty in

separating heartwood and sapwood then an adhesive suitable

for heartwood should be used. Differences in the adhesive

18
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characteristics are also found in springwood and summerwood.

Although minor in importance this must be noted. Springwood

has larger pores than summerwood thus a proper adhesive for

the summerwood would be adequate for both.

Another consideration is that some woods present special

problems, such as gum, oak, and maple. In gum there is a

wax concentrate between the springwood and summerwood and

because of this wax residue, there is difficulty in bonding

with phenolic resins. A high content of tannic acid is found

in oak,which interfers with bonding durability. The strength

of maple is so great that the grain orientation of machined

parts must be done carefully to avoid warpage or rupture

(4, p. 507). There are approximately twelve different

Philippine woods each with different bonding characteristics.

This emphasizes the need for careful selection of adhesives

after a thorough study of the wood to be used.

The moisture content of the wood controls both the

drying rate of the adhesive and the finished joint strength

(2, p. 534). This is one concern which is of vital importance

in adhesive selection.

There is available such a wide variety of wood adhesives

that only the major types can be discussed here. In order

to be brief, only their very basic characteristics will be

noted.
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Animal Glue

This is one of the oldest adhesives and is made from

bones, hooves, and hides. It comes in two forms: liquid,

which is exceptionally good for interior furniture; and

flake, which takes careful mixing and heating. It is one of

the best gap-filling adhesives and will work best with a

moisture content of four to six per cent (3, p. 289). Clamp-

ing time is from two to three hours. Although it resists

moisture, heat, and cold, and does not become brittle,it is

not commonly used by cabinetmakers (1, p. 143).

Polyvinyl or White Liquid Glue

One of the most common and most readily available

glues used for simple woodwork is white liquid glue,which

gives a colorless glue line and room temperature curing.

However, it has poor moisture resistance and has a tendency

to soften at high temperatures. Clamping time averages one

and one-half hours (1, p. 143).

Aliphatic Resin Glue

This adhesive has a very high-strength bond and does in

fact produce a joint that is stronger than the wood. It re-

sists heat and solvents but lacks moisture resistance (3, p.

288). It is ready-mixed, easy to sand, and used for interior

use only. It is not affected by lacquer and can be used at

any temperature above 450 F (1, p. 143).
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Plastic Resin Glue

This comes in a powdered form which is mixed with water.

The set is hard and gives a bond which is water-resistant

(2, p. 535). It is not waterproof and needs close fitting

joints and a clamping time of approximately sixteen hours

(1, p. 143).

Resorcinal Resin Glue

Resorcinal is a thermosetting adhesive that comes in a

liquid form which must be mixed with a powdered catalyst.

This glue can only be mixed as it is needed. Because of its

waterproof properties resorcinal is used for exterior bonding.

Application can be either by rolling or spreading but the

adhesive shows a dark glue line (4, pp. 508-510). It must be

used at temperatures above 700F and needs a curing time of

approximately ten hours (1, p. 143).

Casein Glue

Casein, made from milk curds, comes in a powder which

is mixed with cold water. This adhesive can be used at any

temperature above freezing but works best in the warmer

temperature ranges. It can endure a great deal of moisture

but is abrasive to cutting tools and stains some woods, which

makes bleaching the area of the glue joint necessary before

finishing (3, p. 289).
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CHAPTER IV

EPOXY RESINS IN THE INDUSTRIAL

ARTS LABORATORY

Advantages

There are numerous advantages inherent in the use of

epoxy resins as wood adhesives in instructional situations.

The basic advantages are low shrinkage factor; maintains

shape under prolonged stress; moisture resistant; outstanding

resistance to solvents; joins both similar and dissimilar

materials; and exhibits great adhesion strength.

Because of the low shrinkage factor found with epoxies,

there is less strain on the glue line, resulting in a much

stronger bond. With the addition of silica, aluminum oxide,

or other organic fillers, shrinkage can be brought to a fraction

of one per cent (1, p. 21).

Epoxy also offers a better resistance to prolonged stress

under which bonded materials can maintain their shape. Epoxies

will offer a good advantage in preventing "creep," which is a

major problem in structural adhesive bonding (2, p. 324).

Epoxy resins are not effected by moisture. When joints

bonded by an epoxy resin are subjected to either moisture or

water immersion, failures will usually occur at the interface.

This is an indication of how important the proper surface

preparation of the adherends can be. Even more outstanding
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than its resistance to moisture is the epoxies' resistance

to solvents. This, above all, accounts for the rapid ad-

vancement of epoxies in the coating field (1, pp. 21-22).

Another of the advantages offered by epoxies is the

ability to bond both similar and dissimilar materials and

produce a strong and permanent bond. Glass, metal, or plas-

tics adhere readily to wood by using this adhesive.

When the surface of the adherends has been properly

prepared, epoxy will offer a high specific adhesion to wood

and other substrate. Mixtures of low viscosity, improved

wetting, spreading, and penetration action can be formulated

with various epoxy mixtures (2, p. 323).

Disadvantages

There are certain disadvantages that are encountered

when epoxies are used; they require a certain thickness of

glue line; expense; low shelf life; surface preparation; and

difficulty in correcting glue line.

Careful consideration must be given glue line thickness

in order to retain the strength advantages offered with the

use of an epoxy as an adhesive. The glue line must be kept

at a thickness of between five and ten mils.

Expense will range from two to three times more for

epoxy than for the wood adhesives generally in use. This

is, in part, due to the chemicals in the epoxy, which give

the adhesive its durability and strength.
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Unlike white glue, epoxy resins have a limited shelf

life. The manufacturers have taken the care to mark epoxy

containers with expiration dates. These dates should be

carefully noted to avoid waste of supplies and the waste of

time which would occur when a project would have to be re-

done because the adhesive was not fresh. Life expectancy

of epoxy adhesives can be increased significantly by storing

them between 35 and 450F, with the best storage temperature

being 400F. Temperatures consistently above 750F will cause

deterioration of their adhesive characteristics.

Great care must be given in preparing the surface to

be adhered; this includes making the surface rough (with

large-grit sand paper or a file) and thoroughly cleaning the

surface of all dust and foreign material. Failure to do so

will result in a poor glue line. Also the surface must be

dry to a point between five and eight per cent moisture

content.

Once the curing time of a bond is significantly advanced,

no correction can be made unless by cutting. Since epoxy

possesses an abrasive quality, cutting tools will become

dulled.

Instructional Material and Equipment

A review of a wide range of source materials concerning

instruction on the use of wood adhesives showed little in-

structional material concerning epoxy resins. Letters were

sent to various manufacturers of epoxies (Appendix) requesting
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information concerning their two-part epoxies, samples, and

catalogues. Further searching revealed that some basic in-

formation on the use of epoxy resins was available from the

manufacturers. Each epoxy manufacturer lists on the label

of the container the application steps and safety precautions,

both of which vary slightly with manufacturer.

Testing of Joints

Tests were developed to determine the feasibility of

using epoxy for certain wood joints. When bonding wood, it

is desirable to have the joint stronger than the wood. Three

ways of joining wood grain in joints are edge grain to edge

grain, face surface to face surface,and end grain to end grain.

Figure 1 illustrates the three joints chosen for this test,

which are edge grain joints, face surface joints, and end

grain joints.

edge face end
grain surface grain

Fig. 1--Test Joints



27

Tests were performed on a hand operated tensile test

machine. Each test specimen was clamped in the jaws of the

machine and a load slowly applied. As the fracture occurred

a reading was taken on the attached balance or pressure

gauge.

Joints were formed of each of the three types of wood

tested. These three were walnut, maple, and mahogany. Each

of the three types of joints (end, edge, and face) were tested

with each of the three brands of epoxy. A visual inspection

was made of each bond to determine voids. Those found to be

voided were deleted from the test.

Table I shows test evaluations of epoxy use for end grain

joints made of walnut, maple, and mahogany.

TABLE I

EVALUATION OF EPOXY USES FOR
END GRAIN WOOD JOINTS

Woods

Epoxies

Walnut Maple Mahogany

Amicon 350* 300 450

Hysol 400 350 500

Magnolia 325 250 400

*indicates pounds of pressure
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Table I reveals that Magnolia had the lowest strength of the

three brands tested on all three woods. Amicon was second

on all three woods, while Hysol had a greater strength.

The test results of the edge grain joint are shown in

Table II.

TABLE II

EVALUATION OF EPOXY USES FOR
EDGE GRAIN WOOD JOINTS

Woods
Epoxies

Walnut Maple Mahogany

Amicon 900* 1000 1150

Hysol 1050 1050 1250

Magnolia 850 950 1050

*indicates pounds of pressure

The data found in Table II show that Magnolia possessed the

lowest strength. The epoxy with the highest strength was

Hysol, with Amicon falling in the middle.

Table III presents test results of the face grain

joint.
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TABLE III

EVALUATION OF EPOXY USES FOR
FACE GRAIN WOOD JOINTS

Woods

Epoxies

Walnut Maple Mahogany

Amicon 1150* 1100 1100

Hysol 1200 1150 1150

Magnolia 1050 1000 1100

*indicates pounds of pressure

It was found that Magnolia had less strength on walnut and

maple but equal strength to Amicon on mahogany. Hysol was

slightly stronger than Amicon.

Forty-five joints were formed of each of the three types

of wood tested. Each epoxy was represented forty-five times

with each wood. In all 405 joints were formed.

Joint strength was determined by pulling the joints

apart with varying pounds of pressure. This testing indi-

cated that the Hysol product offered greater advantages. It

required less surface preparation, was easier to apply, needed

a shorter curing time, and there were fewer voids.

After the testing results of the epoxy resins led to

the decision that the Hysol product was the most satisfactory,
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a similar test was conducted comparing the Hysol epoxy

resin with white glue. The results of that test are shown

in Table IV.

TABLE IV

COMPARISON EVALUATION OF HYSOL AND
WHITE GLUE FOR WOOD JOINTS

Woods

Adhesives Walnut Maple Mahogany

end edge face end edge face end edge face

Hysol 450* 1050 1200 400 1100 1125 500 1250 1150

White
Glue 400 1100 1150 400 1200 1125 475 1225 1150

*indicates pounds of pressure

Test results indicated that except for the edge joints of

maple, the strength of bond was approximately the same for

both epoxy and white glue.

A good introduction to a unit on the use of epoxy as a

wood adhesive might be to have the student adhere the more

difficult joints together, first using white glue, then

epoxy. This would underline the importance of glue line

thickness and illustrate the fact that clamps do not assume
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the same importance with epoxies as they do with other ad-

hesive methods.

There are several types of wood projects which may be

subjected to adherend conditions where it would be more

feasible to use epoxy resin as a bonding agent than the type

of adhesives commonly used in industrial arts laboratories.

Epoxies allow a greater freedom in joining wood to other

materials, in joining wood at difficult angles, and in with-

standing moisture, solvents or, stains that ordinary adhesives

cannot withstand. Some projects very much suited to the use

of epoxies are surfboards, bows, lawn furniture, and water

skies.

The equipment and materials needed when using epoxies

are generally those found in any woodworking laboratory. An

instructor needs only added brushes, rollers, applicators,

and epoxy kits to be ready to begin. As an option, a more

rapid curing time can be accomplished by the use of &n

ordinary heat lamp placed near the bond.

Reasons for Using Epoxy

Several distinct reasons can be cited for the use of an

epoxy resin for a wood adhesive. It offers a more than

adequate resistance to both moisture and solvents. This means

a greater variety of projects would be in the reach of the

student. Also, projects made by the student in a dry climate

would be able to be moved to a place of higher humidity with-

out being materially affected. The epoxies' ability to
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withstand temperature changes make them more adaptable than

any adhesive presently being used for wood projects. A

project adhered with an epoxy resin could be taken from a

warm room into freezing temperatures and back again any

number of times with no weakening of the glue joint. No

great outlay of funds for new equipment and materials would

be necessary to begin working with epoxies. Even though

brushes, rollers, and applicators are needed for larger

projects, smaller ones can be done with just the individual

kits. The smaller epoxy kits are available to the public,

in which case it would be possible for the student to purchase

his own. Of an even greater value is the ability of an epoxy

resin to adhere one type of material to a completely different

type. It is quite simple to adhere even glass or metal to

wood. One of the advantages of this type of adhesive is the

increase in the life of the project. Consequently, it may

be past time to include epoxy resins among the various ad-

hesives used in industrial arts laboratories.

Advancement is being made daily in the development of

newer and better epoxies. Manufacturing uses of epoxy are

increasing at an even more rapid rate. It is extremely

essential that the field of industrial arts not only keep

abreast of these newer developments but slightly ahead by

their own experimentation with the uses of these very amazing

adhesives.



CHAPTER BIBLIOGRAPHY

I. Cagle, Charles V., Adhesive Bonding, New York, McGraw-
Hill Book Co., l9Tb.

2. Skeist, Irving, Handbook of Adhesives, New York,
Reinhold Publishing Corpration, 1962.

33



CHAPTER V

SUMMARY, FINDINGS, AND

RECOMMENDATIONS

Summary

This study was made for the purpose of showing the use

of epoxy resins as a wood adhesive in the industrial arts

laboratory consists of five chapters, an appendix, and a

bibliography. The study was made to determine the advantages

of the use of epoxy resins in the industrial arts laboratory.

The purpose of this study was also to state some basic ideas

which the instructor could use as an informational source.

Chapter I introduces the subject with a brief statement

commenting on the rapid growth of epoxies in the decade and

a half since their development. No data were found concern-

ing the use of epoxy resins in the industrial arts laboratory.

Chapter II defines epoxy resins and discusses their

history, the types, and the uses. Epoxy resins, one of the

thermosetting plastics, showed rapid growth, beginning with

their development in the late 1920's. They come in powder,

pellet, fluid, and flake forms, and are generally known as low-

pressure reacted resins because they can be changed from liquid

to solid at room temperature and after curing are not effected

by heat. Epoxies are used by many different types of in-

dustries. The transportation industry, especially those of the

34
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automotive and marine fields, find many uses for epoxies, and

only their prohibitively high cost prevents wider usage.

The basic characteristics of wood adhesives used in

college and university industrial arts laboratories are dis-

cussed in Chapter III. The best possible bond is achieved

by taking into consideration both the wood characteristics

and the characteristics of the adhesive. It must be noted

whether the wood is heartwood or sapwood and again if it is

springwood or summerwood. Individual woods also have their

own bonding characteristics, and moisture content is also of

major importance. The adhesives discussed in the chapter

include animal glue, polyvinyl or white liquid glue, ali-

phatic resin glue, plastic resin glue, resorcinal resin glue,

and casein glue.

Chapter IV presents information concerning the use of

epoxy resin in the laboratory, its advantages and disadvan-

tages, and where resource materials are available for the

instructor. Epoxy resins offer the following advantages:

low shrinkage; maintains shape under prolonged stress; resists

moisture and solvents; joins both similar and dissimilar ma-

terials; and, has great adhesion strength. Among the dis-

advantages of epoxy are the requirement of glue line thickness;

expense; low shelf life; surface preparation; and, difficulty

in correcting glue line. Source materials are available from

epoxy manufacturers. Figure 1 illustrates the three types of

joints chosen for the tests. Data in Tables I, II, and III
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show test results of three different manufacturers' epoxies

on three different joints of three different kinds of wood.

Thq Hysol product showed the greatest advantage. Table IV

presents data comparing the strength of Hysol with white

glue. It was found that there was little, if any, diff-

erence in joint strength of white glue and the Hysol epoxy.

The advantages of epoxy resins far outweigh the disadvantages

and their rate of development and use today is in such high

proportion that industrial arts instructors owe it to their

students to acquaint them with the uses of these remarkable

adhesives called epoxy resins.

Findings

1. In tests comparing erpoxy with white glue it was

shown that in the majority of cases the epoxy resins made

the most durable bond.

2. Epoxy manufacturers are more than eager to supply

needed information and assistance to those interested in ex-

panding their knowledge about the use of epoxy resins.

3. The industrial manufacturers of epoxy resins are

just moving into the uses of epoxy as a wood adhesive.

4. In tests performed on the joints' with products of

the three epoxy manufacturers differences were noted in their

bond quality and performance.

5. White glue gave as durable a bond as epoxy when the

moisture content of the wood was high.
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6. Epoxy resins are especially valuable in making a

bond in places where clamps cannot be used.

Recommendations

Based on the data and findings of this study, the

following recommendations are made:

I. Industrial arts instructors should acquaint

themselves with the manufacturers of epoxy resins and avail

themselves of the available information and supplies.

2. Industrial arts instructors should search for and

keep a file of published and unpublished information dealing

with epoxy resins.

3. The industrial arts instructor should innovate ways

in which the epoxy resins can be used in his own teaching

situation.

4* Students should be encouraged to experiment with

epoxies and their uses for both wood and other materials.

5. Similar studies should be conducted using epoxy

resins as adhesives for metal, glass, plastic, and other

materials used in the industrial arts laboratory.
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June 18, 1972

Dr. Jerry Rinehart
Hysol Division
The Dexter Corporation
9640 Telstar Avenue
El Monte, California 91734

Dear Dr. Rinehart:

I am a Master's candidate at North Texas State University,
Denton, Texas and my thesis is dealing with the use of
epoxy resins in th e college industrial arts classroom.
In order to complete my research I need samples of various
types of two (2) part epoxy resins, literature about the
resins and catalogues showing how I can order these types
of epoxy resins.

I would be more than willing to defray any cost incurred
in the mailing of any information.

Thank you very much for your valuable time and for any
help you are able to give me.

Sincerely,

Fred H. Yeatts
P. 0. Box 402
Sanger, Texas 76266
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June 18, 1972

Mr. Don Wells, President
Ma nolia Plastics, Inc.
5547 Peach Tree Industrial
Chanblee, Georgia 30341

Dear Mr. Wells:

I am a Master's candidate at North Texas State University,
Denton, Texas and my thesis is dealing with the use of
epoxy resins in the college industrial arts classroom.
In order to complete my research I need samples of various
types of two (2) part epoxy resins, literature about the
resins and catalogues showing how I can order these types
of epoxy resins.

I would be more than willing to defray any cost incurred
in mailing.

Thank you very much for any help you can give me.

Sincerely,

Fred H. Yeatts
P. 0. Box 402
Sanger, Texas 76266



40

June 18, 1972

Dr. Justin C. Bolger
Vice President and

General Manager
Polymer Products Division
Amicon Corporation
25 Hartwell Avenue
Lexington, Mass. 02173

Dear Dr. Bolger:

I am a Master's candidate at North Texas State Universtiy,
Denton, Texas and my thesis is dealing with the use of
epoxy resins in the college industrial arts classroom. In
order to complete my research I need samples of various
types of two (2) part epoxy resins, literature about the
resins and catalogues showing how I can order these types
of epoxy resins.

I would be more than willing to defray any cost incurred
in the mailing of any information.

Thank you very much for your valuable time and for any help
you are able to give me.

Sincerely,

Fred H. Yeatts
P. 0. Box 402
Sanger, Texas 76266



June 18, 1972

General Electric
Silicone Products Department
Waterford, New York 12188

Dear Sir:

I am a Master's candidate at North Texas State University,
Denton, Texas and my thesis is dealing with the use of
epoxy resins in the college industrial arts classroom. In
order to complete my research I need samples of various
types of two (2) part epoxy resins, literature about the
resins and catalogues showing how I can order these types
of epoxy resins.

I would be more than willing to defray any cost incurred
in the mailing of any information,

Thank you very much for your valuable time and for any help
you are able to give me.

Sincerely,

Fred H. Yeatts
P. 0. Box 402
Sanger, Texas 76266
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June 18, 1972

Government Services Department
Dow Corning Corporation
Midland, Michigan 48640

Dear Sir:

I am a Masterts candidate at North Texas State University,
Denton, Texas and my thesis is dealing with the use of
epoxy resins in the college industrial arts classroom. In
order to complete my research I need samples of various types
of two (2) part epoxy resins, literature about the resins and
catalogues showing how I can order these types of epoxy resins.

I would be more than willing to defray any cost incurred in
the mailing of any information.

Thank you very much for your valuable time and for any help
you are able to give me.

Sincerely,

Fred H. Yeatts
P. 0. Box 402
Sanger, Texas 76266
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