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Never remove
labels or put
hazardous
materials in
unmarked

containers.

Safety With Chemicals

Before vou open a container or begin mixing any chemicals,
make sure you read and understand the instructions and safety
labels on the product. Resins, initiators, solvents, and other
substances have safety information included in their packages.
Carefully study this information—as well as material safety
data sheets—before starting to work. A material’s label

and MSDS will indicate whether the material is flammable,
corrosive, irritating, or hazardous.

It is required that you seek assistance and guidance
from a responsible adult who is familiar with composite
materials before you start your project.

You will use some type of resin, and probably an initiator,
in your composites projects. (Initiators are substances—usually
peroxides—that start the curing of a resin.} Identify these
materials and read the information carefully. If you are not
completely sure of what you have read, seek help before
continuing with your project.

44 COMPOSITE MATERIALS



Sy SIVIHALYW 3LISOJdWOD

‘Buisn ale noA
1onpoud ay3 Jnoqe
pauuojul Aln} aq
031 SAS 9vldwod
a8yl peal 01 ains ag
‘Buoy| sabed Auews

aq ues SQSIN UV

Juswdinba 4o ‘sjoo}
‘Buryio)o pajros
pue sjeualew
snopJezey Jo
Buisodsip 1noge
uonewlojul

10} saniloyine

|B20| INOA 10BIUOY

PUIOIE)) YUON WEEIN(T * DU PIOYYII0Y 1321n08

AL

[T
5
=

5 N Sy

Ny

T

1 POy

SUOLIOS 9] 9ALY [[IAY §)00Ls palivil
-101 AJ[PHOTIELLIONT OWIOG su012as dyods wdio ur paosaad
UOTJTULIOJUL UTPVID aPNIUL ISNUL (|0 mP] "ST(] AQ I “Adea bl
SIUIWINIOP O} JO IPULIOJ SL ], "SIIULISUYNS SNOPILZLY AUP 0] [ash
AT LIOJE PUL “S[CLIdICUT SULIOIS PUC SUlpury "y Sumioa 1oj
satnpasard sadord oy 0AIB (SUISIN) $1904S vICP J19)08 [PLIICIN

s}99yg eyeq Alsjeg |eualelp

TUAWUOIAUD o1 130104d 01 pup {10)0s 10)
og douurwr paaotdde ue ur saysnug pue “Zuniogr aanaaond
‘$aA0]3 se yans saddns poreunweivwod pue spids jo asodsip pue
Aoretpawault s|jids 1o dn ueopy sieame 01 st rsquiatual ol
wnd auepodwn ag ], Assow oIy v IR Uty SSUI TUeDd U ool
ysn.quured e Suiddip 1o Avn e owar ued oo o wied Suumnod
WOdJ ualafjp yaonur jou s snow? ews doip o jpds apue
-190 SOWE [[IAY DO S[LINWAD ASAYD I BUDIOMN TUIYAY



T a0
sesOUER

04
¢ frectve Dote 4 16

Routets of ERU

\ente L3poS

PRIt

L e
Jonatanon %

Flash point refers
to the temperature
at which vapors
of a material can
ignite if exposed
to a direct ignition
source. The lower
the flash point,
the more highly
flammable a

material is.

N
(i A aSLRES

Here are the eight required sections.

Manufacturer Information. Identifies the material and
lists the manufacturer’s name, address, and emergency
telephone number.

Hazardous Ingredients. Lists the hazardous ingredients in
the material and some of the exposure limits. (See PEL—
permissible exposure limits—in the list of MSDS abbreviations
on the following page.)

Physical and Chemical Characteristics. Tells what the
material will look and smell like and what will cause it
to react.

Fire and Explosion Hazards. Tells whether the material is
flammable and lists the flash point, firefighting materials and
methods, and any unusual burning characteristics.
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Personal Safety

You can be seriously harmed if you inhale, touch, or swallow
hazardous chemicals or get them in your eyes. When working
with composites, take precautions against exposure to chemicals
and wear the appropriate personal protective equipment.

Hazardous materials are capable of causing death

or serious harm. Fiber reinforcements are nontoxic,
but they can irritate your skin. Resins, initiators, and
solvents, however, can be highly hazardous.
Breathing high concentrations of their vapors can
affect your health. Skin and eye contact from some
chemicals can cause burns and tissue damage. These

substances may be fatal if swallowed. Read and follow label precautions,
carefully review the MSDS, and know the proper first-aid measures.

48

AVOID INHALATION

Avoid breathing vapors. Always work in a well-ventilated
outdoor area. Avoid using household fans to provide better
ventilation, because electricity in the presence of flammable
solvents such as acetone can cause an explosion and fire.

COMPOSITE MATERIALS
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AVOID EYE CONTACT

Always wear safety glasses or goggles when working
on your composites projects. Take special care not to splash
chemicals on your face or get them in your eyes.

AVOID INGESTION

Thoroughly wash your hands before handling food, eating,
or drinking. Keep chemicals completely away from dining areas
or anywhere food is prepared or eaten.

Handling Reinforcements

Glass-fiber reinforcements can cause your skin to itch. The pro-
tection used for handling reinforcements should be the same as
of fiberglass used for handling resins and other chemicals. It is important to
wear protective clothing, gloves, and goggles. Here are some
other tips for handling reinforcements.

household trash. .

You may dispose

scraps in ordinary

Wash your work clothes separately from other laundry to
avoid contaminating other clothes with fiber particles.

e If fibers irritate your skin, wash with mild soap and running
water 1o relieve itching and redness. Wash hands thoroughly
before eating or drinking.

e If you get fibers in your eyes, flush them gently but thor-
oughly with plenty of plain water. Seek medical attention.

50 COMPOSITE MATERIALS
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SAFELY CURING RESINS

If your project uses polyester resin, you will add an initiator to
the resin to cure jt. This will cause the mix t0 generate heat—
one of the requirements for fire. The heat generated is a normat
reaction but potentially hazardous. The materials must be han-
dled safely. In your work area, follow these simple guidelines.

¢ Do not allow smoking or open flames.

* Use only equipment rated for use with
flammable materials.

* Maintain your equipment in good condition.
* C(Clean up spills immediately.

¢ Properly dispose of excess curing resin.
Initiate the resin with the proper amount
of peroxide. (Follow the manufacturer’s
instructions.) Then fill the container with
water and place it in a safe outside area,
away from ignition sources, until the mixture
cools to room temperature. Permit excess
resin and scrap material to fully cure and
cool before disposing of them.

¢ Use only the proper amount of initiator with the resin.
Special precautions are needed for handling initiators.
Follow the manufacturer’s instructions. In general:

* Avoid spills, because spontaneous combustion (self-ignition
through chemical reactions) can occur when initiators
combine with certain materials.

* Avoid contact with metal.

e Avoid splashing to prevent possible
chemical burns to skin.

e Avoid direct sunlight
and other sources
of heat.

Initiator

COMPOSITE MATERIALS
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Material Storage and Disposal

Because manufacturers in the composites industry handle
large quantities of chemicals, the plants have designated areas
and use special fireproof storage cabinets and containers for
storing chemicals.

For small projects and work areas, where you are not
likely to have these special cabinets and containers,
follow these general guidelines for material storage
and disposal.

¢ Keep bottles and tubes of resin, epoxy, and other
materials tightly capped.

¢ Do not store materials for long periads. See the
manufacturer’s instructions.

¢ Do not dispose of initiators in normal
household waste.

¢ Make sure all resins and scrap composites are
fully cured and cooled down before disposing
of them. Once the materials are fully cured and
have become solid, they may be disposed of
with the household trash.

¢ Properly dispose of materials according to the
manufacturer’s instructions. Be sure to contact your
city or other authority for any special instructions
about disposal.
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Basics of Hand Lay-Up Laminating

As vou have read, composites products can be manufactured
in several different ways depending on the size of the part,
the quantity to be made. and the tinal cost of the product.
In the composites industry, nothing is more basic than hand
lay-up :amination. In making vour projects, vou will use the
hand lay-up process. The other manufacturing methods are
simply too costly and are geared more toward large-scale
commercial production.

As you learn and practice the basic techniques of lamination, you and
your buddies should work with a responsible adult who is experienced in
handling resin and the other materials used in composites manufacturing.
The simple explanation provided in this pamphlet is meant only as an
introduction to the process. It is not a substitute for the hands-on demon-
stration and supervision given by someone familiar with the materials
and techniques.

In your work for this merit badge, you will use fiberglass
reinforcement and resins, most likely polyester or epoxy. These
materials are readily available. You can buy them at specialty
stores such as boat repair shops, auto repair or parts stores,
large hardware stores, or hobby shops.

Steps in Hand Lay-Up

You can use hand lay-up to make a part in a mold or to
make a sandwich construction using a core material that
acts as the mold. The following explanation assumes that
you will make a part in (or on) a mold that has the shape
of the final product. The laminating process includes
these steps:

>;-~u=a.cwm Step 1—Prepare the mold.
Ewmmm;mm wﬂw_z i Step 2—Mix the resin.
B Step 3—Place and distribute the saturated fiberglass
reinforcement on the mold.

SREPAIR

Step 4—Saturate (wet-out) the reinforcement with the

T right amount of resin to achieve the proper resin-to-
reinforcement ratio. Add resin as necessary to any

dry spots.

. Step 5—Remove trapped air and compact the laminate.

Step 6—Allow the laminate to cure completely.
58 COMPOSITE MATERIALS
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PLACING THE REINFORCEMENT

One way to place the reinforcement is to pull an ample piece of
the fiberglass material directly from the roll or package, lay it
into the mold. and trim 1t to shape using hand shears or heavy-
duty scissors. You will need to cut the outside edges, corners,
pleats, and other shapes necessary to make the fiberglass
conform to the shape of the mold.

A second method is to cut a pattern. You precut the mate-
rial to a specific shape. then place it in the mold. Cutting a
pattern has advantages: You save time during laminating and
avoid trimming the material in the mold.

Make sure to mix only enocugh resin to finish the
project. Mixing too little resin will stop your lay-up
process and damage your project, but mixing too
much could result in a smoking hot pot.

COMPOSITE MATERIALS
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Remember that
your projects for
this merit badge
must be completed
under the direct
supervision of
your merit
badge counselor
or another
responsible
adult who is
knowledgeable

about composites.

REMOVING AIR BUBBLES AND
COMPACTING THE LAMINATE

When vou saturate the fiberglass reinforcement with resin,

air can be trapped in the laminate, creating voids. Air voids are
simpl- bubbles, which when trapped in the cured laminate can
cause problems ranging {rom poor appearance to structural
failure. To remove air bubbles, use a squeegee or a paint roller
to push the saturated glass reinforcement evenly down to the
mold surface, squeezing air voids out of the laminate.

CURING THE LAMINATE
Temperature is important in properly curing resins. The warmer
the weather, the faster the resin will cure. Polvester and
particularly vinvl ester resins do not cure well at low tempera-
tures. The minimum temperature for laminating, therefore, is
60 degrees. Check the manufacturer’s instructions and be sure
vou ate working within the recommended temperature range
at all umes.

The mixture’s thickness also affects cure time. Thinner
laminates cure more slowly and thicker ones cure more quickly.

Resin curing too quickly? In hot weather, you may
find that the “pot life” or working time of the resin
you are using is too short. The speed of curing may
be slowed with a different mix of resin ingredients.
Foliow the manufacturer’s instructions or ask your
counselor’s advice.

FINISHING

Once the resin has cured, you can remove the part or product
from the mold. Take care not to damage the product or the
mold. Use heavy-duty scissors (or a small saw if necessary)

to remove excess resin and fiberglass from the product’s edges.
Clean the edges with sandpaper or a file. If the mold was not
smooth, the product’s surface may be rough. Lightly sandpaper
the surface smooth. Finish with paint, if desired.
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Prevent the glue
from drying
before the paper
is applied by
working only in

small areas.

Step 2— Apply a light coat of white glue to a small spot on the
surface of the model.

L M AN S

CEER

Step 3— Apply tissue paper or lightweight wrapping paper to
the model, making sure to saturate {wet-out) all areas with the
glue. If needed, apply more glue until the paper is thoroughly
saturated. Try to avoid wrinkles in the paper.
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Decorative Birdhouse

This project is a composite of glass-fiber reinforcement. polyes-
ter resin, and cardboard (core materiat). Optional core material
could be balsa wood or urethane foam (not polystyrene foam).

L]
Materials
Always read )
[ Fiberglass repair kit that includes polyester resin,
manufacturers’ fiberglass cloth or mat, and initiator (available
. . at auto supply stores or in the hardware
instructions section of some stores) e
and precautions ] Cardboard from an old box
before warking [ Paper-based tape
with resins, [J Newspaper

[ Goggles, disposable dust mask, and properly fitting
latex gloves for protection

other chemicals. . o i .
[ Disposable mixing cup or bowl {16-ounce) to mix resin

initiatars, ar

[ lce-cream sticks or tongue depressors

[J Small paintbrush {no more than ¥ inch wide) to spread
the resin

[ Acetone

[ Sandpaper (medium and fine grit)

{1 Paint and paintbrush to decorate the finished piece
[J Heavy-duty scissors

O Utility knife

J Ruler/straight edge

[ Cutting board

-
B
=

e

et

S B
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Step 1—Using scissors or a utility knife, cut out cardboard
shapes to form the walls and roof of the birdhouse.

Step 2—Mark a 2-inch hole in the cardboard front wall as if for
bird entrv. Cut out the hole with a utility knife.

HYIA SR %

Step 3— femporarily assemble house panels with paper tape.
Before prceeding, examine the structure and make sure the
house is what vou want. Now is the time to make changes.
Once the lamination process starts, it is o late.
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Once the initiator
is added to the
resin and you
have mixed it well,

you are working

against the clock.
The resin will
begin to harden
immediately, so
you will need to

work quickly and

recisely. The . -
P y Step 2—Use an ice-cream stick or tongue depressor to

“working time” is  thoroughly stir the resin and initiator mixture.

the period of time

the resin can be
manipulated

before it hardens.

Step 3—Using the paintbrush, lightly coat the outside of the
walls with resin.
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Finish
Step 1—Clean the tools you
used with acetone.

B ]

Step 2—Allow all unused,
initiated resin to harden.

Step 3—Properly dispose of
used brushes, newspaper, and
any hardened resin after it has
cooled.

Step 4—Lightly sand the out-
side surface of the birdhouse to
remove excess resin and rough
edges. Paint as desired.

Decorative Molded Bowl
For a project using a
mold, make a simple
decorative bowl.

You could use a
fiberglass repair

kit for Moats that
includes resin, initi-
ator (hardener), fiber-

glass cloth, plastic spreader
or squeegee, mixing stick,
mixmg wav, and instructions
for use To keep the
composite from sticking to
the bovl (or other mold

vou usd), first cover the
mold with a suitable

mold redease. This might

be waxs waned paper, a -
Mylar ~heet, or anothe h
matericl. Be sure o use a
mold elease that will we
well

th the tesin system vou
vand will

Uharm the mold. I vow are not sure whiat
he i yal came with the

e O s ead

e kit and ask voun co
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2004 Mojave Aerospace Ventures LLC, courtesy; photograph by David M. Moore. SpaceShipOne is a Paul G. Allen Project.
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Types of Career Opportunities

In composites-related industries vou will find five major areas
of career opportunities: research and development. production,
marketing and sales, human relations, and tinance. Some posi-
tions require degrees in business, accounting, finance, or matr-
keting. In office positions, it is common to find people who
have both engineering and business degrees.

Here are some typical professions in the composites industry

Chemists
Chemists develop formulas for the
resins that go into various composites.
Their work may take much time and
many cxperiments. A chemist may
work in a research laboratory, in a
quality control department, or on
the manufacturing “floor” {which is
the area of a plant or factory where
products are actually made, as opposed
to the offices or labs). This is a problem-
solving, inventive career. A chemist
may solve problems in manufacturing,
or—as a technical sales or service person—may help customers
solve problems.

Chemists usually have at least a bachelor’s degree in
chemistry. Master’s degrees and doctorates are common.

Chemical Engineer

While chemists concentrate on resin formulas and processes,
chemical engineers are mainly builders who draw on their
chemical knowledge to design and plan facilities to manufac-
ture resins, reinforcements, or eomposite products. In other
words, chemical engineers use the basic knowledge developed
by chemists to set up ways to apply composites technology to
make materials and products.

To earn a bachelor’s degree in chemical engineering,
people study not only chemistry but also physical design,
economics, and manufacturing. Many chemical engineers
hold master’s degrees.
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Materials Engineer

Materials engineers must understand composites and how they
perform and the advantages of composites over other materials.
In some ways a materials engineer is much like a product
designer who not onlv designs but also builds the composite.
These professionals are becoming more important to the indus-
try as composites are being used in new wavs and new places.
Some unversities now offer bachelor's degrees in composite
materials engineering,.

Manufacturing or Production Engineer

A manutacturing engineer Is well-trained in all manufacturing
techniues. This person Is responsible for taking the design and
making sure it is built correctly. A manufacturing engineer must
be a problem solver to make sure the production line is always
moving. This person works with all production departments.

Quality Engineer

A quality engincer makes sure the parts and products are
built as specified in the design. This engincer is well-trained in
testing and inspection and often deals with customers.

Other Composites
Manufacturing Positions

Many positions in composites manufacturing require
a specialized skill or knowledge, including

¢ Production supervisor

e Pattern or tool maker

* | aminator

¢ Moid fabricator

¢ Press/mold setup technician

* Assembier

e Fixture, jig, or rigging fabricator

e Fiuid-handiing setup and maintenance worker

¢ Woodworker, metalworker, or electrician

COMPOSITE MATERIALS
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Glossary

additive. A material added to a resin to enhance its performance.
Additives include colorants and flame retardants.

advanced composite. A composite that is applied in high-
performance applications, such as aircraft or military applications.

anisotropic. Materials having ditferent strengths or properties in
different directions; a quality of composites.

aramid fiber. A synthetic reinforcing fiber used in body-armor
fabric and other applications; short {or aromatic polyamide,
commonly called Kevlar.

carbon fiber. A high-performance, synthetic reinforcing fiber
known for its light weight. high strength, and high stiffness. It is
produced by “baking” or “charring” ravon, pitch, or acrylic fibers
at temperatures above 1,800 degrees Fahrenheit.

casting. A mixture of resin and fillers poured into a mold,
usually without fiber reinforcement, and left to eure to form
the final product.

closed-mold process. Manufacturing process where reinforcements
and resins are closed to the atmosphere and processed in a two-
sided mold or within a vacuum bag.

composite, or composite material. A material that is made up of
two or more different materials that, when combined, are stronger
than the individual materials: generally referred to as composites.

compression molding. A closed-mold manufacturing process in
which composite materials are compressed between matched
molds under high pressure and heat until the part cures. Used for
molding large quantities of complex parts.

compressive strength. The ability of 0 material to resist a
crushing or buckling torce.

conductive. Capable of transferring electrical current.

crosslinking. The chemical bond that turns liquid resin into a
solid material.

COMPOSITE MATERIALS
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impact strength. The ahilitv of a material to resist an abrupt or
shock load.

initiator. A hardener, sometimes called a caralvst, that causes the
cure of a thermoset resin.

isotropic. tlaving uniform properties in all directions: a quality
of metal.

laminate. Tvo or more lavers of fiber reinforcement bonded
together wita a resin.

material safety data sheet (MSDS). A document that includes
detailed information on a material. including health and physical
hazards, exposure limits, and precautions.

mil. A unit of measurement that defines the diameter of glass
fibers (1 mii = 0.001 inch).

mold. A tool for forming composite materials into the desired
shapes or parts.

monomer. A single molecule that is a constituent of a polymer.
nonconductive. Incapable of transferring electrical current.

open-mold process. Manufacturing process where reinforcements
and resins are exposed to the atmosphere.

ply. A term: used to describe a single layer of reinforcement
in composites.

polymer. A large molecule made up of many units that are linked
together in a chain. Polymers can be naturally occurring, such as
starch, or synthetic, such as polyester.

prepreg. A reinforcement that is saturated with resin and ready
to use for molding; short for “preimpregnated,” meaning the fibers
have been presoaked with resin.

pultrusion. A closed-mold manufacturing process to form
composites into long, consistent shapes like rods or bars.
Continuous strands of reinforcement are pulled through a resin
bath to saturate them, then pulled through heated steel molds
that shape the composites into continuous lengths. Pultruded
products include fishing rods and golf club shafts.

reinforcement. A term for fibers, particles, or “whiskers”
(thin hairlike materials) used in composites. Fibers are the
most common reinforcement in composites and greatly
influence composites’ properties.

COMPOSITE MATERIALS
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Before you surf
the Web, be
sure you have
your parent’s

permission.

Composite Materials
Resources

Your local library can be a valuable source of information about
composite materials, although vou may need to visit a university
library for in-depth information. You can also find composites
informaunon on the World Wide Weh. Just go to ane of the
popular search engines and tvpe
“composites” in the search box.

Nearly any topic in the field of compaosites can be found
on the Webh. You can find general information, details on spe-
cific applications like carbon-fiber bicvele frames, and material
safety data sheets on thousands of raw ingredients used 1o
make composites.

Other important sources of composites information are the
professional societies and trade organizations that relate 1o the
industry (See the partial list at the end of this chapter.) Manv
of these organizations publish information about themselves
in theit own printed publications, as well as on the Weh,

Information technology is rapidly changing, including
sources o composites information. When vou read this, there
mav be additional sotrees not available at the time this pamphloet
was written. Your librarian, teacher. or counselor mav be able
to help vou tind them.

composite materials™ or

Scouting Literature

Chepstery Engoneering, Model Desy

<

Vand |

A
it badge pamphloers

W]
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Organizations and Online Resources

American Composites Manufacturers Association
Web siter wip: wnewacmanet.org

American Society for Composites
Department of Civil Engineering

422 Rette'ing Laboratory

Universitv of Davton

300 Colleae Park

Daviton, O} 454069-0243

Web site: heep: wiww.asc-composites.org

Center for Composite Materials

201 Composiles Manufacturing Science Laboratory
Universite of Delaware

Newark, DE 19716-3144

Telephone: 302-831-8149

Web site hittp://uwww.com. udel edu

Composites World
Web site. lutp://www.compositesworld.com

Composites Worldwide Inc.

Compos.tes News International Division
991-C Lomas Santa Fe Drive, PMB 469
Solana Beach, CA 92075-2141

Telephone: 858-755-1372

Weby site: fittp://www.compositesnews.com

E-Composites Inc.

5679 Bayberry Farms Drive, SW
Grandv.ile, Mi 49418

Telephene: 616-243-4444

Weby site: hetp: wwe-composites.com

NetComposites
Web site: futp: www netcomposites.com

Occupational Safety and Health Administration
200 Coast m Ave. NW
Washit gton, DC 20210
Toll-tree telephone: 800-321-0SHA
Web size: ety wwe osha gov
Compesites safety Web site:
htr;wwwosha.gov SEIC composites mdex. honl
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Photo and Wustration Credits

The Boemg Companv, courtesv—page 22

Tom Corpeland. courtesv—page § (NASCAR race vefucles)

Library ¢f Congress, Prints and Photographs Division,
FSA/OWI Collection—pages 12 (all) and 25 (bottom)

M. C. Gi'l Corporation or Roval Plastic, courtesv—pages 24,
74 (mset), 76, 77, and 79 (all)

Mike Mils, Scaled Composites photographer, courtesy—
pages 2 (flyer) and 8 (flyer)

2004 Mojave Aerospace Ventures I.LC, courtesy; photos by
David M. Moore. SpaceShipOne is a Paul G. Allen Project.
—cover (top); pages 6-7 (botli SpaceShipOne plotos),
41 (bottom), 74 (top), and 75

Ossur, ‘utp://www.ossur.com, courtesy—page 26 (afl)

“Photos.com—cover (Earth aerial); pages 2 (kavak,
tenmus racquet, circuit board); 6-7 (Earth's atmosphere),
8 (fiberglass background, golf club), 9, 10, 11, 14 (all),
15 (both), 17 (all), 23 (top), 25 (top), 30 (botiom), 33,
41 (top), 44, 47 (all), 49 (top), 52 (top), 53, and 55 (both)

TREK Bicycle Corporation, courtesy—page 32

Trident Custom Boats, hrtp://www.tridentboats.comnt, courtesy—
pages 31 and 40

All other photos and illustrations not mentioned above
are the property of or are protected by the Boy Scouts
of America.

John McDearmon—pages 13, 35-38 (all illustrations),
and 67
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