Lawrence Berkeley National Laboratory
Recent Work

Title
EPOXY PLASTICS

Permalink
https://escholarship.org/uc/item/9ki6t463

Authors

Bryan, Joseph W.
Perkins, Richard A.

Publication Date
1959-12-24

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9kj6t463
https://escholarship.org
http://www.cdlib.org/

UCRL 9020

UNIVERSITY OF
CALIFORNIA

Ernest Of awronce
Radiation
Laborator

EPOXY PLASTICS

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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. EPOXY PIASTICS
Joseph W. Bryan and Richard A. Perkins

Lawrence Radiation Laboratory
University of California
Berkeley, California

December 24, 1959
ABSTRACT

This report deals with practiéal methods of handling and using

some of the many epoxy plastics. Molds, mold-release age'nts, fillers,

diluents, and modifiers are described. Mixing, pumping, bonding,

equipment required, and toxicity are also covered.

A collection of formulae is given in table form. The table makes
‘it possible to select the appropriate type of epoxy mixture for the specific

_job.
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 EPOXY PLASTICS”

Joseph W. Bryan . and Richard A. Perkins

Lawrence Radiation Laboratory
University of California
~ Berkeley, California

December 24, 1959
INTRODUCTION

Although not a complete "how-to-do-it" course, this -lreport is intended
to serve as a guide to the selection of epoxy plastics. for those who are not
' experieniced in working with plastics. It is based on experiences in.using
epoxy resins for the plast eight years in the 3ynchrotronv‘shop. The materials
.mentioned are only a small part of available .epoxy resins and their associated
‘curing agents, fillers, etc. A number of successful formulae are shown in
Table I, but many‘other/ combihations.are possible for specific jobs. '

‘Some of the epoxy resins and cﬁring agents and diluents are supplied
by Shell Chemical Corporation under the trade name Epon. Many other
companies supply vsimi.lar epoxy resins and the other materials ‘used in these -
formulae. More épecific information on the supply of these materials and

the uses can be obtained from Mr. James O. Turner or Mr. Joseph W. Bryan.

« o
This work was done under the auspices of the U.S. Atomic Energy

Commission.
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HANDLING EPOXY PLASTICS

All the époxy .resins and their associated curing agents, diluents,
and modifiers are toxic.to some extent. The degree of toxicity depends on
the individual who is handling the material. Some individuals have a high
allefgic sensitivity to these materials and will break out in.a rash similar to
poison ivy or have a swelling about the eyeys upon direct contact with these
materials or ihhaling_ the vapors given off. Trouble of this sort can be
avoided by practicing good common-sense methods of handling the epoxy.
A good hooded exhaust system should be used for mixing. Do not breathe
the fumes. Avoid contact of the epoxy mixture with the skin, either by using
care in handling or by the use of rubber gloves and protective clothing. Should
cohtac;_t be made with the skin, clean the area with acetone or alcohol followed
by'_a_"c‘}‘lor:o;ugh soap and water wash. Generally, the more volatile or lighter
diluents and curing agents are the most irritating.

A list of materials follows in order of decreasing toxicity:

Allyl glycidal ether (AGE)
Phenyl glycidal ether (PGE)
Resins containing ethers as above
Duomeen S

Amino acids (DTA)

D curing agent

U curing agent

D 40 curing agent
Mod-epox

Epon resins

Thiokol

Versamid
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TOOLS AND EQUIPMENT

The following tools and equipment are of value in handling epoxy
‘resins: ' ‘ ’ A
o Paper cups, beakers,, or polyethylene containers

Spatulas and tongue depressors ’

Acid brushes ‘

Kim wipes and paper towéls

- Weighing scales | v ’

‘Pump and tank capable of creating a vacuum of about 28 in. Hg.

,Temperature-controlled“oven o

" Infra-red heat lamps.

Simple ovens made from aluminum foil-lined cardboard boxes are
often. useful for curing plastics on large or odd-shaped jobs, Heat lamps
placed inside the box or directed through a hole in the box will allow moderate

| temperatures in the 60° to 80°C range.

MOLD RELEASE

Many things can be used for mold release, however, the most common
.are the silicone greases and fluids. Dow-Corning high-vééuum grease or
Ram leold'Release 225 are good. The Ram 225 is the easiest to use and is
quite satisfactory for most mold surfaces. It can be applied.by dipping,
brushing, or spraying. Allow the excess to drain off and_ air~dry the mold;
it is-then ready ’for use. On porous molds, such as plaster of Paris, a

coat of silicone grease or paste wax followed by Ram 225 is usually sufficient.
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MOLDS

Molds are generally made of fnetal and should be tight with no air

‘leaks. The mold surfaces should be smooth and ﬁolished with no undercuts..
The surface of the plastic will be as go.od as the surface of the mold. Draft
should be incorporated in molds where possible. Thin metal molds which can
‘be peeled off the‘ work and discarded are often use ful. In some cases special
molds can be made of other materials such as plaster of Paris, wood, and
| plastics. Ver'y useful flexible molds can be made of Polyvinyl Geon 121 or
‘Dow-Corning silicone rubbers. These 1iquids .can be poured around a |
pattern and cured to yield a rubber-like material. They pick up fine detail
quitbe:' well and have feasoné.ble dimensional stability; Removing castings

vﬁ'th undercuts presents no difficulty since the molds can be stret’ched.

MIXING -

Once a formula is picked, the constituents should be carefully weighed

.and mixed together thoroughly. Some materials have a color indicator incor-

porated to show when complete mixing has been achieved. All formulae in
“this report are compounded by weight. Mechanical mixing can be used to

advantage on the more viscous materials.

PUMPING

It .is . good practice to pump the entrapped air out of the mix before
aftei', and {or) during pouring. This is determined by the type of casting.
Use vacuum and air pressufe to force the plastic into small spaces, such as
:bet{aveen turns of small wire in a transformer coil. Heat, where it can be .
‘tolerated, will t.hin the mix and release air bubbles. Overheating should always

be avoided.'
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' FILLERS

Many materials can be used to fill plastics. 'The.y are used to cut
the cost of the finished plastic or to modify various properties. Generally
- the plastic takes on the properties of the filler. The percentage of filler
used in.a given mix is dependent on fhe_ desired properties of the finished
plastic'al_‘id on the handling properties of the mix, i.e., viscosity, thixo-
tropy, etc.. For instance, fillers .are often used to bring the coefficient of
.expénsion of the plastic closer to that of metal parts embedded in the plarstic".
Glass cloth is used in laminates to improve strength. Santocel is uéed.,for

thixotropic properties,

Some typical fillers are: .

Aluminum oxide’ .

Glass beads (paveme_nt-‘marking type)
Glass cloth ‘

Glass fibers and roving

Metal powders \

‘Carbon

Aluminum silicate

As_bestos floats

DILUENTS AND MODIFIERS

Diluents are usually.of a 100% re’all,ctive type that enter into the final

. product. They are used to lowef viscosity for easy handling, Typical |

diluents are allyl glycidal ether, phenyl glycidal ether, vand Mod-Epox.
Modifiers\are used to change specific properfies of the plastics.

* Mod-Epox, Versamid, and Thiokol are used to improve impact resistance.

Duomeen S gives.better thermal shock and vibration resistance.
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BONDING -

One of the most important factors in getting a good bond between
epoxies and other materials is c‘-leanl_iness° Washing in detergent and water
followed by an alcohol rinse or in degreasing solvents is suitable treatment.
Avoid films left by some solvents. Be careful not to get finger marks on the
surfaces to be bonded. All bonding surfaces should be roughened by sanding,

etching, or sandblasting.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes ény liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in.
this report. ‘ '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such .employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor. -





