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CHAPTER 1.

INTRODUCTION

The word composite refers to a material composed of two or more materials, but
the combination of materials has advantageous properties in comparison with each
individual material.
We have gone through the stone age, bronze age and steel age. We live in a
plastics age and we are heading towrards an age of composites. However, compos
ites have always been a part of our society, the Egyptians knew plant fibers helped
strengthen and prevent bricks form cracking. Sand, gravel, and cement have been
used for centuries and are still being used today. Today, composites find their place
in many of our major industries such as the aerospace, automotive, and construction.
In relation to the growth for composites industry. De Lellis (1989) states:
In 1988, composites shipments totaled 2.66 billion lbs. an increase of more
than 125 million lbs above 1987 figures. For 1989, total annual shipments
are projected to increase 2.0 % over 1988, according to Carl C. Rue, vice
president, planning and development, CertainTeed Corp., and chairman
of the Composites Institute (p. 12).
Composites have notable advantages in properties over their metal counterparts.
Composites offer high strength to weight ratio, chemical resistance, control to elec
trical and magnetic properties, low thermal conductivity, and fatigue resistance. The
relatively low cost of the composites and industrial need for materials with diiferent
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physical properties, suggests that the composite industry will greatly expand in the
future.
Materials in composites are composed of a reinforcing structure, surrounded by
a continuous matrix. If a fiberglass composite is used as an example, the glass fibers
will be considered the reinforcing structure and the polymer used to hold the glass
fibers together is considered the matrix.
The present use of glass filled thermoset plastics as composite has severely limited
the ability of the manufacturer to conduct secondary processing operations. Present
work with polycarbonate (thermoplastic) has demonstrated that on a limited scale
thermoplastic materials can be chemically bound with long glass fibers. This poly
carbonate composite will afford a material with exceptional impact resistance and
tensile strength.
The fundamental benefits of a thermoplastic composite have been addressed by
Plastiscope (1989)-which states:
Benefits that thermoplastics would bring to composites include not only
the properties of individual engineering resins, but the ability to postshape, weld, or repair structures with heat. Thermoplastics can also be
recycled more readily than thermosets (p. 10).
In spite of the property and processing advantages of using thermoplastics, En
glish (1989) states;
Thermoset matrices continue to occupy approximately 95 % of advanced
composite markets. Part of this dominance is due to the early devel
opment of thermosets that could adequately wet the reinforcements, be
fabricated into light weight, complex parts, and tolerate the thermal, me
chanical, and fatigue loads placed upon them (p. 43).
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Conventional composite processing involved hand lay-up, vacuum bagging, autoclaving or oven curing techniques, all these processes are limited to the lengths of
the processing equipment. However, with the development of the pultrusion process
continuous length reinforced plastic composite profiles can be produced with great
efficiency.
For a pultrusion process, reinforcing fibers are pulled continuously through a
resin system for wetting and subsequently through a heated die for shaping and cur
ing. A major advantage of thermoplastic pultrusion over thermoset pultrusion is the
ability to reform the thermoplastic part after it has been through primary process
ing. Development of secondary processing equipment will allow the interconnection
of primary components.
Pultrusion is not a new process, however, it is still in its infancy in industry.
Outwardly the process is deceptively simple in that the function is well-understood,
without an in-depth knowledge of the interaction of the various system variables,
however, one cannot achieve efficient performance of the process.
The research that needs to be conducted can be divided into two areas, primary
and secondary processing. Primary processing involves development of pre-preg com
posite rod, and secondary processing involves the utilization of the pre-preg rods in
development of an end product which is 'fibersteel' (see Figure 1.1). Each of these
two areas can be further sub-divided into their material research, processing research
and product research.
The primary processing research includes the study of the number of rovings that
are able to be delivered through a single die opening, percentage of resin wetting
of glass fibers, speed setting of pulling the rod, length and temperature setting of
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Figure 1.1: Fibersteel rod

die needed to provide shape and cure, and levels of polymerization throughout the
process.
The secondary processing research involves the development of a prototype ma
chine for producing fibersteel rod. The fibersteel rod will consist of seven spirally
wound rods each produced in the. primary process. In addition, processing parame
ters will be provided for the twisting and pulling process.
This study will investigate a thermoplastic material as a possible candidate for
long glass fiber embedment. Development of this material will broaden the potential
application for composite reinforcements in the concrete industry. As mentioned
before, there is the advantage of post processing with thermoplastic composites. Still
there are more product advantages.
At present, almost all concrete structures are reinforced with steel. But steel
reinforcement has the major disadvantage of corrosion. Corrosion sets up expansive
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forces in the concrete surrounding the reinforcement thereby causing tensile cracking
in the concrete. The high porosity of concrete makes the steel reinforcing highly sus
ceptible to corrosion. Increasing chemical composition of airborne moisture released
as wet precipitation of pollutants or acid rain also augment corrosion. Composite rod
as a direct substitute for steel reinforcement bar in corrosion applications could be
used for bridges, roads and sea walls. Within the construction realm and in addition
to corrosion resistance, composite rods are non-detectable by radar, therefore these
reinforcement rods may find application in military facilities.
Large-scale penetration of the construction market may hinge on the ability
of pultruders to overcome material and processing difficulties. Acceptance of the
composite material for non- metallic replacement of metallic Teinforcing in concrete
structures exposed to the weather, earth, ocean, or other harsh environmental factors
will require a tremendous expenditure, the rigorous process of obtaining building code
approval, and general acceptance in the market place.
The research was conducted within the Department of Industrial Education and
Technology, in conjunction with the Department of Civil Engineering at Iowa State
University and Composite Technology Corporation, Ames, Iowa. The combination of
expertise and equipment available within the Department of Industrial Education and
Technology will allow it to make a major contribution to this development project.
The expertise of the area of polymer chemistry, material science engineering, as well
as civil engineering will be needed to provide the basic science and material property
analysis for the composite development.
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Statement of the Problem
The problem of this study is:
1. To investigate the effects of time and temperature on the mechanical properties
of a polycarbonate matrix.
2. To investigate whether an 80 % glass loading to a 20 % wet-out can be achieved
for the polycarbonate pre-preg rod.
3. To develop the primary processing prototype equipment which will be used for
the production of polycarbonate pre-preg rod.
4. To develop the secondary processing prototype equipment which will allow the
interconnection of polycarbonate pre-preg rod into fibersteel.

The Purpose of the Study
The purpose of the study is to investigate the mechanical properties of the poly
carbonate matrix with respect to time and temperature, determine levels of polymer
resin wet-out in the composite and the development of a production process for
polycarbonate pre-preg rod and polycarbonate fibersteel rod. This study seeks an
alternative material (thermoplastic) to the predominant use of thermoset plastics
matrices in continuous composite fiber products.
The purpose of this study involves the development of new processing proto
type equipment. Because the composite industry is new and developing, all new
processes require modification and automation for advancement of the industry. The
information gathered will be important in these developments.
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The product developed in this research will result in a direct substitution for
ordinary steel reinforcement in the construction industry.

Need for the Study
Composites will be an important engineering material in this Technological Age.
Composites have many desirable properties, but the one most vital is its strength to
weight ratio. Some additional benefits include heat resistance, corrosion resistance,
and insulation properties.
The investigation of the mechanical properties of the composite matrix with
respect to processing times and temperatures will give a sensitivity as to optional
processing line speed. In addition, important information concerning the hardness
of the final product will be realized. The mechanical properties of plastics such as
impact strength, compressive strength, tensile strength, etc. are closely related to
hardness. This has been described by Terry L. Richardson (1989).
To investigate thermoplastic materials as possible candidates for long glass fiber
embedment could broaden the potential applications for long fiber embedment in the
composite industries. With high level of glass embedment in a composite material,
there are dual benefits of increased strength and reduced product cost. The present
use of glass filled thermoset plastics has eliminated post processing operations. More
over, thermoplastics composites have still more advantages over thermoset plastic
composites. This fact is noted by English (1989) who states:
Thermoplastic advanced composites are a curious phenomenon. They
promise significant property advantages over thermoset systems such as
damage tolerance ten times as high, improved microcrack resistance, neg
ligible moisture absorption, superior flame and radiation resistance, and
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excellent damping characteristics. They require no refrigeration, no shopfloor chemistry, and do not change properties after extended storage.
Parts may be reheated and reformed, scrap can be recycled, and no toxic
emissions are produced during processing (p. 43).
Long-term characterization of polycarbonate is a critical issue, and is being pur
sued by General Electric, Phillips 66, and Amoco.
Composites offer weight reduction over other industrial materials (woods, metal
and ceramics), however, this advantage is offset by the higher cost of manufacturing
in using existing composite technology.
New polycarbonate materials continue to be developed, yet processing technolo
gies continue to lag. The major problems in processing are the high viscosity of
polycarbonates in hot melt and poor fi.ber wet-out due to the lack of coupling.
The latter problem has been partially solved with the development of various
coupling agents by Owens Corning Fiberglas. New developments are taking place
with the problem of polycarbonate's high viscosity and the lack of proper fiber wetout. To this development Plastiscope (1989) states:
Based on a widely known chemistry called 'cyclics,' the technology yields
an initial molecular structure that produces extremely low polymer vis
cosity, which improves resin wetability. Many epoxies, for example, utilize
cyclics chemistry. GE claims a breakthrough in applying the process to
engineering thermoplastics. "We have unique materials, chemistry, and
process science," says John Verbicky, mgr. of the chemical synthesis lab
oratory at GE's Research & Development Center in Schenectady, NY.
The process, which Verbicky says is similar to a technique that MOD
ERN PLASTICS has already reported GE to be devising for pultrusion
of polycarbonate is still in the developmental stage (p. 10).
In making particular reference to cyclic polycarbonate, Plastiscope ( 1989) further
says:
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The GE development has provoked interest among suppliers of composite
material and engineering thermoplastics who are familiar with the process
(p. 10).

The researcher believes there is still a need to study virgin polycarbonate. The
use of solvent treatment on polycarbonate may provide the low viscosities necessary
for proper glass fiber wetting.
There is the potential for cost savings in equipment and labor, pultrusion is
viewed as a fabrication process which could pave the way for transition from heavier
energy consuming metals to lighter weight, high strength continuous reinforced com
posites. This potential will not be realized by depending on the pultrusion industry
alone because of the high capital investments and time required for research and
development. Pultrusion offers a potential way to greatly reduce manufacturing cost
by offering high production rates, low facility requirements, low labor requirements,
low manufacturing cost, and high product quality.
The biggest hurdle is to develop processing methods to turn thermoplastics (poly
carbonate) into useful products on an industrial scale. This work is still at an early
stage. In making reference to products produced from thermoplastic polycarbonate,
Plastiscope (1989) states:
One executive of a resin supplier that deals heavily with automotive ap
plications says that if the cyclics resins behave as GE claims, extremely
complex as well as highly reinforced parts may be produced. The chem
istry could influence material use in such parts as instrument panels par
ticularly those equipped with 15 lb. air bags, which would require a high
degree of strength and rigidity. It could also replace metal in applications
like seat frames and autobody supports (p. 11).
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Research Questions and Hypotheses of the Study
Questions
The questions to be investigated are:
1. Does processing parameters of time and temperature in the primary processing
affect the mechanical property of hardness in the polycarbonate matrix?
2. Is there less than 20 % wet-out in the polycarbonate composite pre-preg?
3. Is the primary processing polycarbonate pre-preg rod machine proficient?
4. Is the secondary processing polycarbonate fibersteel machine proficient?

Research hypothesis I
There is no difference in the hardness of the polycarbonate matrix due to differ
ence in processing temperature.

Statistical hypothesis I

Ho :
Ha :

Where

^

is the mean level of hardness at temperature of Tl, and ^^2 is the

mean level of hardness at temperature of T2.
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Research hypothesis II
There is no difference in the hardness of the polycarbonate matrix due to differ
ence in processing time.

Statistical hypothesis II

Ho : (Hi =
Ha :

# ^42

Where fifi is the mean level of hardness at time of tl, and /i^2 is the mean level
of hardness at time of t2.

Research hypothesis III
There is greater than or equal to 20 % wet-out in the polycarbonate pre preg.

Statistical hypothesis III

H o : /J, > 2 0
H a : fi < 2 0

Where fi is the mean percent of wet-out in polycarbonate pre preg.

Assumptions of the Study
1. It is assumed that the material used to produce samples is taken from random
ized source of supply.
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2. It is assumed that the basic and applied research on plastic/composite materials
have been completed and are in place.
3. It is assumed that possible fluctuations and inaccuracies in the machine param
eters will not cause any significant variations in the final results.

Delimitations of the Study
1. The study is limited to a research budget.
2. The materials used in the pultrusion process are polycarbonate (bisphenol
A polycarbonate, Mobay Corporation) resin and glass fiber (Owens/Corning
Fiberglas).
3. The study is limited to the variables of temperature, level of polymerization,
and level of wetting. The other variables such as moisture, line speed, room
temperature, etc, which can affect the process of pultrusion are held constant
and are not considered factors of the experiment.
4. The machines built for processes are prototypes.

Definitions of Terms
Annealing: A process of holding a material at a temperature near, but below, its
melting point, for a period of time to relieve internal stress without shape distortion.
ASTM: American Society for Testing and Materials.
Catalyst: A substance which changes the rate of a chemical reaction without
itself undergoing permanent change in composition.
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Composite material: A combination of two or more materials differing in form
or composition on a macroscale.
Creel: A device for holding the required number of roving balls or mat plys in
desired position before they are fed into the resin station.
Cure: To irreversibly change the properties of an unreacted thermosetting resin
by chemical reaction, that is, condensation, ring closure, or addition.
E-glass: A borosilicate glass; the type most used for glass fibers for reinforced
plastics, suitable for electrical laminates because of its high resistivity. Also called
electrical glass.
Exotherm: The liberation or evolution of heat during the curing of a plastic
product.
Fiber: A general term used to refer to filamentary materials.
Fiberglass: Generic description of polymeric matrix reinforced with fibrous glass.
Fibersteel: Thermoset or thermoplastic composite rods twisted into a spiral
shape to act as a substitute for steel reinforcement bar in concrete.
Filament: The smallest unit of a fibrous material. The basic units formed during
spinning and which are gathered into strands of fiber.

Filaments usually are of

extreme length and very small diameter, usually less than 1 mil. Filaments normally
are not used individually. Some textile filaments can function as a yarn when they
are of sufficient strength and flexibility.
Glass fibers: A fiber form, an inorganic product or fusion which has cooled to a
rigid condition without crystallizing.
Glass, percent by volume: The product of the specific gravity of a laminate and
the percent glass by weight, divided by the specific gravity of the glass.
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Hardness: The resistance of a material to compression, indentation, and scratch
ing.
Ignition loss: The difference in weight before and after burning. For glass rein
forcements, the burning of the binder or size. For composites, the burning off of all
organic constituents.
Impregnate: In reinforced plastics, the saturation of the reinforcement with a
resin.
Laminate: A material composed of successive layers of resin and fiber glass
bounded together.
Loss of ignition: Weight loss, usually expressed as percent of total, after burning
off an organic sizing from glass fibers, or an organic resin from a glass fiber laminate.
Matrix: The essentially homogeneous material in which the fiber reinforcement
system of a composite is imbedded.
Plastic: A material that contains as an essential ingredient an organic substance
of large molecular weight, is solid in its finished state, and, at some stage in its
manufacture or its processing into finished articles, can be shaped by flow; made of
plastic.
Polymerization: The name for the reaction that takes place when a resin is
activated.
Preheating: The heating of an impregnated material prior to molding, to facili
tate the operation or to reduce the molding cycle.
Pre-preg: Abbreviation for pre-impregnated reinforcement fibers.

Pre-preg is

any material loaded with resin and ready for placement in a mold or shaping device.
Pulforming: A composite process to produce profiles that do not have a constant
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cross-sectional shape but do have constant cross-sectional area. Like pultrusion,
materials are pulled but the pulling mechanism is a compression-molding-like die
that produces a product of a defined length with a constant cross-sectional area.
Pultrusion: A continuous process for manufacturing composites with a constant
cross sectional shape. The process consists of pulling a fiber reinforcing material
through a resin impregnation bath and into a shaping die where the resin is subse
quently heated and cured.
Reinforced plastics: Molded, formed, filament wound, pultruded, or otherwise
shaped plastic parts consisting of resins to which reinforcing fibers, mats, fabrics, and
so forth, have been added before the forming operation.
Resin: A solid or pseudosolid organic material, usually of high molecular weight,
that exhibits a tendency to flow when subjected to stress; usually has a softening or
melting range, and fractures conchoidally. Most resins are polymers.
Roving: A number of glass strands (filaments), collected into a parallel bundle
with no twist.
Roving yield: A unit of measure of the size of a fiberglass roving. Given in yards
per pound, the number of yards of the product which equal one pound. The lower
the yield, the larger the size of the roving bundle.
Strand: Normally an untwisted bundle or assembly of continuous filaments used
as a unit, including slivers, tow, ends, and yarn. Sometimes a single fiber or filament
is called a strand.
Tensile strength: The maximum tensile stress sustained by a specimen prior to
failure in a tensile test.
Thermoplastic: Capable of b.eing repeatedly softened by increase of temperature
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and hardened by decrease in. temperature; applicable to those materials whose change
upon heating is substantially physical rather than chemical and that in the softened
stage can be shaped by flow into articles by molding or extrusion.
Thermoset: A plastic that, when cured by application of heat or chemical means,
changes into a substantially infusible and insoluble material.
Viscosity: A measure of the internal friction resulting when one layer of fluid is
caused to move in relationship to another layer.
Wet-out: The ability of a resin to saturate glass reinforcement quickly.
Yield: A stress level in a material, less than the maximum attainable stress, at
which an increase in strain occurs without an increase instress. Only materials that
exhibit this unique phenomenon of yielding have a yield point. Fiberglass reinforced
thermoset plastics generally do not exhibit a yield point.
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CHAPTER 2.

LITERATURE REVIEW

This review of literature is organized into three areas, material, process, and
product. The literature under material is organized in three sections. Section one
reviews the composite material. Section two deals with properties of polycarbonate.
Section three looks at glass fiber.
The literature reviewed under process is organized into two sections. Section one
provides a background of the pultrusion process. Section two deals with pultrusion
machine which consists of five different sections. These are the creel, resin wet-out
tank, shaping and curing die, puller or driving mechanism, and cut-off saw.
The literature reviewed under product is organized into two sections. Section
one provides a description of the pultruded product, market, and application. Section
two covers composite rod reinforcement.

Material
Composite materials
The word composite implies that a material is composed of two or more distinct
components. The intent of a composite material is to achieve better results than
can be obtained with a single, homogeneous material. One material makes up a
reinforcing structure, while the second forms a continuous matrix. The matrix gives
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body and holds the reinforcement to get a composite material.
In comparative terms the matrix component is of low strength, fairly tough and
extensible, of lower density and higher coefficient of thermal expansion than the rein
forcing component which is strong, stiff and brittle. It is therefore the reinforcement
which should ideally bear as much as possible of any load applied to the composite,
while the matrix should effectively transfer load to the reinforcing component. The
reinforcing component will also contribute heat resistance and dimensional stability
to the composite system.
From the theoretical as well as the practical stand point the most important
feature of the interface is the adhesion of matrix component to the reinforcement
component. Good interfacial adhesion is necessary for effective transfer of stress. To
promote bonding "coupling agents" are used to pre-treat the reinforcement which
thus provide chemical compatibility between the reinforcement and matrix.
The mechanical, thermal, and chemical properties of a composite material de
pends on the properties of the reinforcement and matrix but properties for the com
posite is generally superior.
The mechanical properties of pultruded composites can be greatly influenced
by orientation of reinforcement within the matrix. Products employing longitudinal
reinforcement will typically exhibit mechanical properties ten times greater in the
machine direction than the same property measured 90^ from the longitudinal fibers.
Thermal conductivity of composites reflects both the characteristics of the ma
trix and of the fibers. Generally the fiberglass reinforced composites are excellent
insulators for thermal and electrical environments.
The chemical and corrosion resistance characteristics of pultruded composites
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are predominantly attributed to the characteristics of the resin matrix. The consid
eration of a particular resin system for an intended environment must be done with
knowledge of the degree of exposure, the concentration of the environment. Chemical
and corrosion attack can occur at the surface of the product or the end of the prod
uct. With the presence of a resin rich barrier layer on the surface, a greater degree
of corrosion resistance can be attained. While this is readily achievable in the wet
lay-up or filament winding process, the nature of the pultrusion process is such that
a high fiber volume and significant molding pressure must be utilized in order to fill
the die volume and minimize porosity.

Polycarbonate
Polycarbonate was commercially introduced in 1958, and since, it has been
widely accepted as an outstanding engineering thermoplastic. Polycarbonate is a
linear amorphous polyester of carbonic acid and aromatic bisphenol. At present, all
general-purpose polycarbonate is based on bisphenol A. Other polyhydric phenols
are sometimes used to form copolymers for special end uses. The molecular weight
for polycarbonate range from 50,000 to 700,000.
There are several hundred variations on the polycarbonate structure. Several
special grades have been developed for specific properties or processing conditions.
Special grades have been developed for molding, and extrusion. Some grades even
comply with the medical industry. Recently cyclic grades have been developed to
have higher melt flow and they are being used to improve wet-out in the compos
ite pre-pregs industry. Glass-filled grades have improved impact strength, moisture
resistance, and chemical resistance.
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Polycarbonates can be processed by all traditional thermoplastic processing
methods. Injection molding and extrusion are of major commercial significance. Blow
molding, form molding, and vacuum thermoforming are other common polycarbonate
processing methods.
Polycarbonates are characterized by their major advantages. These are high
impact strength, excellent creep resistance, excellent transparency, continuous appli
cation over wide temperature limits, very good dimensional stability, good electrical
properties (dielectric constant independent of temperature and high insulative prop
erty), and self extinguishing characteristics.
Some other properties responsible for polycarbonate's use as an engineering ther
moplastic are low mold shrinkage, weatherability, colorability, stain resistance, and
its ability to be sterilized. Polycarbonates are generally unaffected by greases, oils,
and acids.
For a more quantitative look at the mechanical, thermal, electrical, and physical
properties, see table 2.1.
While polycarbonate has advantages, it also has limited chemical and scratch
resistance. Most aromatic solvents, esters and ketones will attack polycarbonate.
Polycarbonate requires ultraviolet stabilization because of the tendency to yellow
with long-term ultraviolet exposure.
Even though polycarbonate has low water absorption, it is sensitive to hydrolysis
with the absorbed water at the high processing temperatures required. Polycarbonate
pellets should be dried, since water will cause bubbles on parts.
The applications of polycarbonate parts and components mainly relate to the
material advantages in properties. Toughness is made use of in products like safety
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Table 2.1:
PROPERTY
MECHANICAL
Tensile strength(psi)
Tensile modtilus(psi)
Compressive strength,
Izod (psi)
Impact strength
(ft-lb/in.)
Hardness,Rockwell M
THERMAL
Thermal conductivity
Deflection temperature
at 264 psi
at 66 psi
ELECTRICAL
Dielectric strength
(V/mil)
Dielectric constant
(at 1 kHz)
Dissipation factor
(at 1 kHz)
Arc resistance(s)
PHYSICAL
Specific gravity
Specific volume
(m.^/lb)
Water absorption.
24 hours (%)

Typical properties of polycarbonates
ASTM

GENERAL PURPOSE

D638
D638
D695

8,000-10,500
340,000
71-75

D256

12-18

D785

73-78

• . C177

1.35

D648
D648

260-270°F
280° F

D149

380-400

D150

3.02

D150

0.0021

D495

10-120

D792
D792

1.2
23

D570

0.1.5-0.18
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helmets and power-tool housing. Transparency is made use of in prescription safety
eyewear and windshields. The good electrical characteristics are made use of in
injection molded components like switches, instrument panels, and compact discs.

Glass fiber
Fused silica and quartz have been used in the development of numerous reinforce
ment for thermoplastics. Glass fiber is a material which affords the designer a variety
of properties (mechanical, thermal, electrical, and chemical) along with low cost for
a number of applications(see table 2.2). Incorporating glass fibers with plastic resins
results in a composite with characteristics superior to that of any one component.
The glass fibers strengthen the plastic materials in much the same manner as steel
rods strengthen concrete.
The major advantages of glass fiber as a component of a composites are high
strength-to-weight- ratio, dimensional stability, resistance to corrosion and. tempera
ture extremes, desirable electrical properties and ease of fabrication.
Continuous glass fibers are numerous glass filaments drawn from molten glass
furnace. The filaments are wound on spools by a high-speed winder to form a roving
package or 'ball.'
A filament diameter code letter is used in roving products to designate the di
ameter of the individual filaments in a strand. Filaments lie within the range 9-22
fim.

The quantity of strands per roving describes the number of individual filaments
each collected into the roving package. The yield of a roving is the quantity of unit
length contained in a unit weight (yards/pound).
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Table 2.2:

Properties of bare single filament E glass

Property
PHYSICAL
Specific gravity
Hardness
Contact angle with water
Coefficient of friction with glass
Moisture absorbency(%)
Moisture regain
MECHANICAL
Tensile strength, psi
at 72°F
at 700°F
at 1000°F
Creep
Elongation at break(%)
OPTICAL
Refractive index,
550 milimicfons(.32°F)
Clarity
Ultraviolet transmission

E glass
2.54
6.6
0
1.0
0.3
none

500,000
380,000
250,000
none
4.8

1.549
Transparent
Opaque

In the development of glass-reinforced plastics, it was realized that the bonding
between the polymer matrix and the glass reinforcement could be improved by treat
ing the glass fiber with a reagent called a coupling agent. The coupling agent would
form a chemical bond between the reinforcement and the polymer.
Silane coupling agents are the most suitable for application to glass reinforcement
for thermoplastic polymers. In relation to bonding, Titow and Lanham(1975) suggest:
The way in which silane coupling agents act, and in particular the bond
ing mechanism to the glass fiber surface on one side and the polymer
matrix on the other, have been the subject of considerable interest and
are still under study. There is as yet no complete and fully established
explanation(p. 85).
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In addition to coupling agents, sizing agents are placed on continuous rovings.
The purpose of the sizing agent is for protection of the strand during processing and
to provide strand integrity. A lubricant is a example of sizing agent which is used to
reduce frictional abrasion between the filaments and processing equipment, and this
lubricant normally is an organic vegetable oil.
Continuous strand roving wound into spools are used for spray-up (strands are
chopped), weaving, and pultrusion. Continuous strand roving provides fast wet-out,
even tension, and abrasion resistance during processing. This allows for a product
with greatest strength in one direction. Feinberg (1988) adds:
The physical properties of reinforced molded parts are determined by sev
eral factors, including the amount of fiber used (the ratio of glass to resin)
in a given composite. Strength increases directly in proportion to glass
. content. Long-bearing capability and continuity of stress transfer are
affected by fiber length and direction, or orientation. Unidirectional ori
entation provides optimal strength in one direction and makes it possible
to achieve up to 80 % glass content.
There are two main categories of continuous glass fibers used in industry. The
majority of industrial fiber reinforced products are made from E-glass (electrical
glass). It has a tensile strength about 500,000 psi. and a modulus of elasticity of 10.5
million psi. E-glass fibers (filaments) range in diameter from 0.0001 to 0.001 in. and
can stretch to a maximum of 4.8%. The second category of continuous glass fiber
is S-glass (highrstrength glass). They provide strength-to-weight ratios in excess of
most material, and are used for critical aero space, and military applications. It has
a tensile strength of approximately 650,000 psi. and a modulus of elasticity of 12.4
million psi.
For the cautious handling, rovings should be received, stored, and moved within
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the plant in the shipping carton to prevent contamination.

Process
Background of the pultrusion process
The first pultrusion machine was in operation at Polygon Plastics. The initial
pultrusion patent in the United States was issued in 1951. Pultrusion is a word
derived from pulling and extruding. Pultrusion is a composite fabrication method
of pulling continuous reinforcing fibers through a resin system and curing die on a
continuous basis.
The pultrusion process is an automated process for manufacturing composite
materials in continuous constant cross-sectional profiles. A continuous reinforcing
fiber is integral to the process. The matrix used is typically a thermoset resin which
chemically reacts when heat is introduced to initiate an exothermic reaction causing
solidification. Today the composite industry is focused on developing a pultrusion
process for thermoplastic resins.

Pultrusion machine
A pultrusion machine consists of five different sections which are creel, resin
wet-out tank, shaping and curing die, puller or driving mechanism, and cut-off saw.

Creel

Continuous glass rovings are provided in center pull packages or 'balls.'

The first stage of the pultrusion process involves filament dispensing from balls stored
on a bookshelf-style creel.
To prevent freying as roving" scrape across one another generating static, metal

26

shelves are best since they can be grounded to dissipate some of the static charge.
It is important in the material handling steps that stress risers be prevented on the
rovings thus insuring maximum product strength. The glass roving must also be
organized, oriented, drawn from the creel through a series of eye-lets on a plastic
card and through to the resin wet-out tank.

Resin wet-out tank The resin wet-out tank is a sheet metal trough containing
rollers that force the roving under the surface of the resin mix. The roving fibers are
passed under wet-out rollers causing fibers to flatten and accept resin.
There are other means of resin impregnation such as resin curtains for thermoset
resins. Thermoplastic resins, however, can be used with the same process modifica
tions. Currently, research is being conducted on direct injection molding of cyclic
polycarbonate which possesses low melt viscosities at their processing temperature.
Plastiscope(1989) states:
GE Plastics has developed reactive polymerization technology for select
engineering thermoplastics that is claimed to radically improve the ability
of such materials to penetrate and bond to fiber reinforcements ranging
from continuous strands to woven glass mats(p. 10).

Shaping and curing die

Matched metal die may be heated by electrical

cartridges, by strip heaters, or by hot oil. Thermocouples placed in the die control
the level of heat applied to individually controlled zones. Pultrusion dies are generally
36 to 60 inches in length.
As the resin-wet fibers pass through the die, final shaping for the profile occurs.
In the case of a thermoset resins polymerization occurs within the die. The pultruded
profile emerges from the die as a complete pre-preg, except to cut to length.
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The production speed rate is a function of the resin curing cycle, the die length,
and the pulling speed. The cure of sections can be speeded up by using both radio
frequency (RF) radiation and conductive heat. Increasing the die length is another
method of increasing production rate, but die length limitations are quickly reached,
since frictional pulling loads are directly proportional to die length. Breakage of
continuous reinforcement will only hinder productivity by increasing set-up time.
In the pultrusicn of thermoset resin composites the primary mechanism is the
chemical reaction occurring during 'cure,' while in the pultrusion of thermoplastic
resin composites there is no reaction during cohesion.
For thermoset resin, knowledge and control of the die heating zones is a critical
pultrusion process control parameter as it determines the rate of reaction, the position
of the reaction within the die, the magnitude of the peak exotherm. The steady-state
reaction process is initiated by the application of heat to the chemically active resin.
The reaction progresses while under pressure within the die. It is exothermic, and at
same position within the die the relationship of heat flux is inverted and the degree
of cure progresses to the point where shrinkage allows the part to release from the
die wall.
Viscosity decreases as the temperature of the material increases through con
duction. This aids in the continuing wet-out of any unsaturated fibers. When the
chemical reaction is initiated, the change in viscosity is reversed, and the viscosity
rapidly increases through the stages of gel and final cure. It is desirable for this reac
tion to occur under sufficient pressure to ensure composite integrity and to minimize
internal porosity.
The efficiency of the process can be greatly enhanced through better under-
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standing of the pressure and temperature distribution within the die, since they
affect resistance to pull. In the pultrusion process, the things that must be consid
ered are coefficient of thermal expansion of the materials; ratios of fibers to resins;
cross-sectional geometry of the cavity; length of the die; and coefficients of friction
with respect to liquid, gel, solid and degree of shrinkage of the solid. If the reac
tion proceeds too rapidly, the composite will bond to the die surface, which can
result in a low quality product, damage to the die, or even loss of production with
reinforcement breakage. Improperly cured materials will exhibit poor physical and
mechanical properties yet may appear identical to adequately cured product. Input
of too much heat may result in products with thermal cracks or crazes which destroy
the electrical, corrosion resistance, and mechanical properties of the composite.

Clamping and pulling

A clamping and pulling device is required to pull the

material from the die. There are two types of pulling systems. One is the cleated
caterpiUar-tractor-like belted puller. Typically two of these belts are offset from one
another and the cured profile is fed between the two belts. The belts are made from
wear resistant elastomer materials which grips and pulls the profile through without
slippage.
The other is a hand-to-hand reciprocating clamp/puller system. Two clamping
and pulling mechanisms are placed in tandem and alternatively clamp and pull the
profile on a continuous basis. The clamping and pulling process is synchronized
through the use of programmable controllers to the extent that the product never
sees a pause in the pulling motion. A top and bottom pad made from rigid urethane
is used on each of the clamp units. The pads have enough durability to pull on the
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hot profile without disintegrating, but also to cushion the profile during clamping
without crushing the product. The pulling motion is achieved by a ballscrew drive,
hydraulic cylinder, or a chain drive. The clamping action is pneumatic or hydraulic.

Cut-off section

The final section in a typical pultrusion machine uses a con

ventional cut-off saw with an abrasive wheel to cut the profile to length. Sometimes
a coolant spray is used on the wheel, but in addition to cooling the cut-off wheel the
spray may improve the appearance of the cut-off section and the coolant spray also
minimizes dust.
The cut-off section may be automated if the profile trips a mechanical limit
switch or a light beam to actuate pneumatic cylinders clamping the part to the saw
table and a cutting sequence begins.

Product
Description of pultruded product, market, and application
Pultruded profiles can be solid, hollow, or open-sided, these profiles can take a
round, square, or rectangular shape and flat sheet can be pultruded.
According to Meyer (1985) the electrical and consumer/recreational markets
have dominated the pultrusion business:
The initial products made by the pultrusion process went into the recre
ational/sporting goods market (fishing rods) and into the electrical mar
ket (transformer spacer sticks). In the early stages the electrical market
dominated the pultrusion business with most of the captive pultruders
being in this area. As new pultruders entered the market the quantity of
applications for pultruded products increased (p. 8).
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Meyer ( 198-5) also suggests that the fastest growing segment of today's pultrusion
market is the corrosion resistant market:
During the period 1976-1981 the corrosion resistant market expanded at
a faster rate than any of the other areas so that by 1981 it was in second
place in volume of products shipped being surpassed only by the electrical
market (p. 9).
Some applications for pultruded shapes are show in Table 2.3:
Table 2.3:
Electrical
transformer spacer stick
ladders
light poles
conduit
fuse tubes
cable support trays
Corrosion resistant uses
hand rails
pipes and tubes
structural shapes
industrial guttering
feeding troughs
bridges and platforms

Applications for pultruded product
Consumer / Recreational
fishing rods
tent poles
fence posts
tool handles
ski poles
bows and arrows
Miscellaneous uses
kick plates
seating
sign post
bumper beams
bus luggage racks
material handling components

Future potential applications of pultrusion technology are aimed at the aerospace
and defense market. S-glass and carbon fibers are being used with high performance
resins to provide exceptionally lightweight yet high strength and heat resistant ma
terials.
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Composite rod reinforcement
A prototype composite rod developed by Composite Technology Corp. (CTC)
of Ames, Iowa is designed to act as a direct substitute for steel reinforcement bar in
concrete for corrosion resistant applications. The composite prototypes is in the form
of seven spiral wound rods made of glass fiber and vinyl ester resin and is referred to as
"Thermoset Fibersteel." Previous research conducted at Iowa State University (ISU)
and sponsored by the Iowa High Technology Council shows that this reinforcement
product can work.
Research is underway to provide industry with the confidence required to invest
and refine the prototypes to the point of commercialization. Acceptance of the newmaterials for non-metallic substitution of metallic reinforcing in all concrete struc
tures exposed to the weather, earth, ocean, or other harsh environmental factors
will require a lengthy and rigorous process of obtaining building code approval and
general acceptance.
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CHAPTER 3.

METHODOLOGY

This study is centered on the development of a polycarbonate fibersteel rod.
Data will be collected and analyzed to determine whether there are effects of time
and temperature on the mechanical properties of a polycarbonate matrix, and if a
20 % wet-out can be achieved in the pre-preg rod. Photographic and illustrative
drawings will be used to identify the themoplastic primary and secondary processing
prototype equipments designed.
To achieve this aim, many activities had to be coordinated and performed; when
ever possible testing followed standardized testing procedures. This chapter lists these
activities showing the order in which they occurred and explains what was involved
in each step.

The Materials
Polycarbonate was the thermoplastic resin chosen for study. This material was
selected because of its physical, thermal, electrical, chemical and mechanical proper
ties. Physically polycarbonate is clear and has a relatively low density when compared
with other plastics. Thermally polycarbonate will only burn in an open flame and
is a poor conductor of heat and cold. Electrical properties indicate that polycar
bonate is an insulator. Polycarbonate is chemically resistant to most chemicals and
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is completely soluble in methylene chloride. The mechanical properties of impact
strength, tensile strength, compressive strength and hardness are relatively good for
polycarbonate (There is a positive correlation for its strength).
Bearing these properties in mind, and after careful review of the concrete indus
try with respect to fibersteel; polycarbonate is a good choice for a composite matrix.
The resin used in this study is a product of the Mobay Corporation. See Appendix
B for "Material Safety Data Sheet."
The study utilizes polycarbonate as a solute in a solution. The solvent in this so
lution is methylene chloride. Methylene chloride was obtained from Chemical Stores,
Iowa State University and is a product of Fisher Scientific. See Appendix A for
"Guideline for Controlling Exposure to Methylene Chloride."
The polycarbonate solution was used to wet a continuous glass roving. Tubeless packages of glass roving were obtained from Owens Corning Fiberglas, Amerilo,
Texas. See Appendix C for "Average Properties of Glass Fiber." The glass rov
ing obtained has only recently been released as a commercial industrial material.
It contains a silane coupling/sizing agent suitable for chemical compatibility with
polycarbonate. The glass roving is marked identification number 473-BB-225 with
a normal yield of 224 yr/lb, M dia (15-16 ^m), with about 4000 filaments/roving
strand.

Specimens
Specimens used in this study relate only to the first and second questions listed
under "Research Questions and Hypotheses of the Study."
The development of specimens used in question one followed a sequence of pro
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cessing steps. A solution of polycarbonate was left so that the solvent methylene
chloride would evaporate. The residual solid was pelletized using a plastic pelletizer.
20 grams of the pellets was placed in an aluminum weigh dish. Containers were
placed in an electrical oven at established temperatures for varying amounts of time.
The material removed from the oven was a solid mass. The top of the sample was
ground to a flat surface. The sample was then inverted and unaffected surface used
as a testing surface. Specimens were made in accordance to dimensions specified
in ASTM D 785-86 "Standard Test Method for Rockwell Hardness of Plastics and
Electrical Insulating Materials( 1990b)." A standard specimen for hardness testing
was .25 in. thick and 2 in. diameter (see Figure 3.1).

A
Figure 3.1: Specimen for hardness test
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Specimens for question two are pre-preg rods obtained from primary processing.
According to ASTM D 2584-68 "Standard Test Method for Ignition Loss of Cured
Reinforced Resins( 1990a)." Five grams of pre-preg rod represented one specimen (see
Figure 3.2).

Figure 3.2: Specimen for ignition test

Specimen Testing Procedure and Equipment
Question #1
Specimens were tested according to ASTM D 785-786 "Standard Test Method
for Rockwell Hardness of Plastics and Electrical Insulating Materials( 1990b)." The
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test method covered a procedure for testing the indentation hardness of plastics bymeans of the Rockwell hardness tester(See Fig 3.3).

I

Figure 3.3:

Rockwell hardness tester

A Rockwell hardness number is a number derived from the resistance to inden
tation of an indenter from a fixed minor load to a specified major load. Indenters
are round steel balls of specific diameters. Rockwell hardness numbers are always
quoted with a scale symbol representing the indenter size, load, and dial scale used.
For a polycarbonate material the Rockwell 'M' scale is suggested. M-scale represents
indenter diameter of 0.2500 ±0.0001 inch, minor load of 10kg and major load of 100
kg, and red dial scale to read.
Test specimens were made and kept in 'zip-loc' plastic bags within the laboratory

which was maintained at 75°F and 50 % relative humidity. The Rockwell hardness
tester located in Room 201 of Industrial Education and Technology Building I, Iowa
State University was used to perform the test. This machine was last calibrated on
January, 1991.
With the specimen in place on the flat anvil 2 in. in diameter, a capstan screw
was turned until the small pointer is at a zero position(adjustment for minor load,
which is built into the machine). Final adjustment of the gauge to 'set' is made.
Apply major load by releasing the trip lever and 15 seconds later remove the major
load. Read the Rockwell hardness on the red scale to the nearest full-scale division.
Repeat this procedure 10 times on each specimen. Never make measurement less
than .25 inch apart and .25 inch from the edge.

Question #2
Specimens were tested according to ASTM D2584-68 "Standard Test Method
for Ignition Loss of Cured Reinforced Resins( 1990a)." The test method covered the
determination of the ignition loss of cured reinforced resin sample. This test is more
commonly referred to as the "Burn Out Test."
The specimens are kept in 'Zip-loc' plastic bags within the laboratory which was
maintained at 75°F and 50 % relative huniidity. All equipments used in this test was
located in Room 201 of Industrial Education and Technology Building I, Iowa State
University.
An aluminum weigh dish is weighed on a sensitive balance. Then approximately
a 5 gram specimen and the aluminum weigh dish is weighed. The specimen contained
in an aluminum weigh dish is ignited and allowed to burn until only glass rovings
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remains.
An Electric Muffle Furnace, capable of maintaining temperature of 1050 ± 50°F
was used. The specimens were kept in the furnace for 4 hours, this was sufficient
time for all carbonaceous material to disappear and leaving only glass rovings. The
specimen residue and aluminum weigh dish was then reweighed when cooled to room
temperature.
The calculation of ignition loss of the specimen(percent of wet-out of polycar
bonate) in weight is represented by following equation:
Wetout[%) = [^^1 -^^2] X 100

(3.1)

where:
Wi - weight of specimen, grams
W2 - weight of residue, grams
The measured results pertaining to both of these hardness and percent wet-out
will be analyzed and reported in the following chapter.

The Pilot Test and Sample Size
Question # 1
A pilot run of 16 specimens was made varying the processing parameters of
time and temperature (4 specimens were generated in each time/temperature cell).
The specimens were hardness tested to determine variability. The resulting standard
deviation was then used to determine the sample size needed for each cell in the
proposed analysis of variance.
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Results from the pilot test indicated a mean Rockwell hardness value for Mobay
polycarbonate of 75 Rockwell M with a standard deviation of 3.82. The sample size
was arrived at using the calculation of Steel and Torrie (1980) for experiments with
more than two treatments.
n>

(3.2)

where;
n - sample size for treatment
t - (y — Hy)ISy
a - Type I Error
/3 - Type II Error
- variance of differences, 2<t^
• 6 -

size of the difference desired to detect

Using a 95 % confidence interval to be within ±8 units from the sample mean,
trial and error formula was used with a Type I Error of a = 0.05, the power of the
test 1 — /3 = 0.9, and degree of freedom of ra — 2.
Let n = 10, then:
10 > 12-306+ 1.397)2(2(3.822)2) ^ ^
8
Let 71 = 8, then:
8 > (2-447+ 1.440)2(2(3.822)2) ^ ^
8^
this is legitimate.
So 7i/2 = 4 samples are needed for each cell in this experiment.
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Question #2
A pilot test of 20 specimens was made to determine the variability to be expected
in the test of "Ignition Loss." The resulting standard deviation was then used to
determine the sample size needed for the proposed two-tailed t-test.
Result from the pilot test are: Mean percent of polycarbonate wet-out was 20.12
% with a standard deviation of 0.22.
The single sample case trial and error method formula with an available estimate
of variance for a 95 % confidence interval to be with ±0.5 units of sample mean was
used with a Type I Error of a = 0.05.
4:0-^

n>

•

where:
n - sample size
cr - estimated standard deviation
L - width of the confidence interval
Let n = .3, then:
3^4(0,22)^^^3.3
this is not legitimate.
Let n = 4, then:
4>
this is legitimate.
Therefore the sample size is n = 4.

l2

= 1.96

(3.5)
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The Variables
The independent variables that were manipulated with respect to "Research
Question" one were temperature and time. Specimens were produced at high and
low temperatures. High temperature was identified at the point just below which
polycarbonate begins to discolor(550°F). Low temperature was established at the
suggested processing temperature for the polycarbonate(500°F). Specimens were pro
duced at a fast time and at a slow time. Fast time was identified as the quickest time
to melt polycarbonate at the suggested processing temperature of polycarbonate(l
hour). Slow time was specified at twice the fast time setting(2 hours).
The investigation was concerned with the effects the independent variation may
have on the dependent variable of hardness measured on the Rockwell hardness fi
scale.
"Research Question" two was concerned with testing the significance of a depen
dent variable an 20 % wet-out in a polycarbonate pre-preg.

Processing Equipment
Primary processing equipment
Primary processing prototype equipment used for the production of polycarbon
ate pre-preg rod consists of seven diff'erent sections which are creel, resin wet-out
tank, venting, pre-heat oven, shaping die, cooling zone, and puller (see Figure 3.4).

Creel The first stage of the primary processing involves stored glass fibers
dispensing continuously from five tubeless roving packages stored on a creel. These
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DIE

PULLER

Figure 3.4: Primary processing equipment

glass rovings travel toward the resin wet-out tank separately.

Resin wet-out tank The five glass rovings enter the resin wet-out tank sep
arately through holes on top of the tank. The resin wet-out tank is a sheet metal
trough containing 4 rollers that mechanically spread the fibers of each roving while
submerging the rovings in the resin rich solution(see Figure 3.5).
The five rovings pass through five wipe off holes(0.08 in. dia.) to remove excess
resin as the roving exits the resin wet-out tank.

43

ROLLER

RESIN WET-OUT
TANK

Figure 3.5:

Venting

WIPE OFF
HOLES

RESIN
SOLUTION

Resin wet-out tank

The solvent methylene chloride is evaporated from the roving to leave

polycarbonate deposited within the filaments of each roving strand. The methy
lene chloride is exhausted from the processing environment via an industrial vent
ing/blower system.

Pre-heat oven

Five resin rich rovings enter cylindrical ceramic oven set at

350°F. The oven is 5 inches in diameter, 3 foot long, and it is electrically powered.
The glass rovings are pre heated so as to soften polycarbonate on the rovings prior
to entering the die.
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Shaping die

The aluminum die is 2 in. high, 2 in. wide, 6 in. long, and is

heated by 2 electrical strip heaters mounted on each side of the die. A thermocouple
wire is mounted in the top of the die which is used to control die temperature at
5oO°F.
The five rovings converge on the die opening. The opening tapers from 1/4 in.
dia. to 1/8 in. dia.(see Figure 3.6).

.25

.125

Figure 3.6:

Cooling Zone

Shaping die

After the hot pre-preg rod emerges from the die, it must be

quickly cooled. If hot thermoplastic rod is allowed to enter the puller, it will be
reshaped into a flat profile. Compressed air (60 psi) is used to cool the material to a
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solid pre-preg rod at ambient temperature.
Puller

The puller consists of pair of wheels that pull material through the

pultrusion process. A DC motor and motor controller is used to drive the system at
variable speeds (see Figure 3.T).

WHEEL

CHAIN

Figure 3.7:

DRIVE
/MOTOR

Puller

Secondary processing equipment
Secondary processing prototype equipment used to interconnect the polycar
bonate pre-preg rod into fibersteel consists of six different sections which are creel,

46

wetting station, venting, annealing oven, cooling zone, and twist/pull mechanism (see
Figure 3.8).

CREEL REEL

PRE-PREG
ROD
VENTING

VETTING
STATION

COOLING
ZONE

ANNEALING
OVEN

FIBERSTEEL
ROD
TVIST/PULL
MECHANISM

Figure 3.8: Secondary processing equipments

Creel

The first stage of the secondary processing involves storage of 7 pre-

preg rods which are individually wound on the reels that are stored on a creel. The
pre-preg rods travel towards a wetting station.

Wetting station

The wetting station includes a separator, pump, resin tank,

wiper, and eyelet. The pre-preg rods passes through the separated seven holes. The
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same resin solution used in primary processing is pumped onto the pre-preg rods.
An air wiper is used to distribute the resin as it coats the rods while the excess resin
falls in a resin tank. The rods pass through an eyelet which guides them on the way
to the annealing oven.

Venting

The solvent methylene chloride is evaporated from the rod to leave a

polycarbonate deposited. The methylene chloride is exhausted from the processing
environment via an industrial venting/blower system.

Annealing oven

An annealing oven consists of five, 18 in. sections of stainless

steel tubes with ten, 600 Watt infrared bulbs hooked in parallel. This oven is designed
to heat by both convection and conduction. The polished stainless steel acts as
cylindrical mirrors, and fiberglass insulation that encapsulates the oven to provide
insulation. Thermocouples are used to control oven temperature at 500°F. The rods
are heated as they travel through the oven. It is here that polycarbonate deposited
on the rods and polycarbonate within the pre-preg rods cohesively bond in a process
known as thermoplastic annealing.

Cooling zone

After the hot fibersteel emerges from the annealing oven, it must

be quickly cooled. If hot thermoplastic fibersteel is allowed to enter the caterpillar
puller, it will be reshaped into a flat profile. Compressed air (60 psi) is used to cool
the material to a solid fibersteel rod at ambient temperature.

Twist/pull mechanism

The process of twisting and pulling is achieved by a

single drive motor (1/8 HP) and gear train. The seven pre-preg rods which make up
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fibersteel has been twisted all the way through the oven and on to the rod separa
tor. Fibersteel slips through the slip/twist mechamsm(see Figure 3.9) in continuous
fashion, while this system rotates to produce the necessary twist. This rotation is
used to power a gear train system which drives and rotates a caterpillar puller(see
Figure 3.10).

BOLT
,NUT
SCREW
GUIDE
CYLINDER
SPRING

ROLLER
LIFTER
GUIDE
PIN
•ROLLER

FIBERSTEEL
ROD

Figure 3.9:

Slip/twisting mechanism
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CHAPTER 4.

PRESENTATION OF DATA

The results of this research are presented in this chapter. Each of the null
hypotheses listed in chapter one was tested at the 95 % confidence level, and the
data have been presented in tabular form.
The method of analysis chosen to manage "Research Question" 1 and 2 was
"Analysis of Variance (ANOVA)." "Research Question" 3 and 4 was evidenced in
actual photographs which identify the prototype equipment built for the both the
primary and secondary processing.

Description of Data and Statistical Analysis
Research hypothesis I
There is no difference in the hardness of the polycarbonate matrix due to differ
ence in processing temperature.

Statistical hypothesis I

Ho :

= fij<2

Ha : n j ' i 7^ ^7^2
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Where ^

is the mean level of hardness at temperature of Tl, and fij'2 is the

mean level of hardness at temperature of T2.

Research hypothesis II
There is no difference in the hardness of the polycarbonate matrix due to differ
ence in processing time.

Statistical hypothesis II

Ho :

= H2

H a : Hi-i ^

Where

is the mean level of hardness at time of tl, and ^^2 is the mean level

of hardness at time of t'2.
An one way ANON A (Steel and Torrie, 1980) was performed on the Rockwell
hardness test data shown in Table 4.1. Results from analysis of variance is shown in
Table 4.2. Analysis of these results will address both hypothesis I and II.
Table 4.1:
Case
1
2
3
4
mean

Low/fast
75.3
69.7
76.1
68.6
72.42

Rockwell hardness 'M' scale for polycarbonate
Low/slow
61.7
65.4
65.2
61.6
63.47

High/fast
82.3
82.3
80.1
78.1
80.70

High/slow
30.1
46.0
43.0
46.0
41.27

The significant F-ratio indicated that the differences among the means for hard
ness over all treatments were too great to attribute these differences to random sam-
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Table 4.2:
Source
Between
Within
Total

df
3

Analysis of variance
ss
3463
241.9
3705

12

15

MS
1154

F
57.25*

20.16

pling fluctuations if the null hypothesis was true. For this reason the null hypothesis
has been rejected at the 0.05 level of significance, and the alternative hypothesis
accepted as true.

Post hoc analysis

Where there is a significant difference among the means

of treatment groups for which the ANOVA yielded a significant F statistic, the Least
Significant Difference (LSD) post hoc test (Cox, 1987) was performed. The LSD test
identified where the real differences existed between pairs of treatment groups. The
LSD test has been summarized below identifying the pairs of groups with significant
differences at the a = 0.05 level.
Least significant difference, or LSD, given by:
(4.1)
where:
a - Type I Error, 0.05
d.f. - degree of freedom, 12
S£i - pooled error standard deviation, 4.49
n - number of observations in each treatment

= ^.025,124-49

= 6.92
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The mean hardness in each treatment group is ranked from weakest to strongest.

{i)Highfslaw — 41.27
{ii)Low / slow — 63.47
{iii)Lowl fast — 72.42
{iv)High/fast — 80.70

All differences and test are:

(iv) — (i) = 39.43 > 6.92; significant
{iv) — (ii) = 17.23 > 6.92; significant
{iv) — {Hi) = 8.26 > 6.92; significant
{Hi) — (z) = 31.15 > 6.92; significant
{Hi) — {ii) = 8.95 > 6.92; significant
{ii) — (z) = 22.2 > 6.92; significant

Research hypothesis III
There is greater than or equal to 20 % wet-out in the polycarbonate pre-preg.

Statistical hypothesis III

Ho :

>20

Ha : /X < 20
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Where n is the mean percent of wet-out in polycarbonate pre-preg.
One-tailed t-test (Cox, 1987) was performed on the ignition test data shown in
Table 4.3. The t-test statistic is:
^ (x-20)VÏÏ

(4,2)

Sx

where:
X - mean percent of wet-out
Sx - estimated standard deviation
n - number of observation
^ (20.12 - 20)V^0 ^
^
.2186
2.456 > t a = 1.729
where:
a - Type I Error, 0.05
Therefore, the null hypothesis of greater than or equal to 20 % polycarbonate
pre-preg wet-out is accepted.
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Table 4.3:
1
2

3
4
5
6

7
8
9
10
11
12

13
14
15
16

17
18

19
20

Percent of wet-out for polycarbonate pre-preg rod

Specimen(g)
5.02
5.04
5.08
5.09
5.07
5.01
4.96
4.96
5.09
4.98
5.07
5.01
5.08
4.98
5.04
4.96
5.07
5.01
5.05
5.02

Residue(g)
4.01
4.02
4.04
4.06
4.07
3.98
3.96
3.96
4.07
3.98
4.05
4.00
4.06
4.00
4.02
3.96
4.06
4.01
4.02
4.02

Wet-out(%)
20.12
20.24
20.47
20.24
19.72
20.56
20.16
20.16
20.04
20.08
20.12
20.16
20.08
19.68
20.24
20.16
19.92
19.96
20.40
19.92
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Photographs for Prototype Equipments
Primary processing prototype equipment

Figure 4.1: Creel
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Figure 4.2:

Resin wet-out tank
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Figure 4.3: Venting
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Figure 4.4:

Pre-heat oven
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Figure 4.5: Shaping die
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Figure 4.6:

Puller
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Figure 4.7:

Pre-preg rod
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Secondary processing prototype equipment

Figure 4.8: Creel
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Figure 4.9: Resin pump
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Figure 4.11: Slip/twist mechanism
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Figure 4.12;

Gear train: all parts exposed for purposes of this photo
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Figure 4.13:

Twist/pull mechanism
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Figure 4.14:

Fibersteel rod
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CHAPTER 5.

CONCLUSION, DISCUSSION AND
RECOMMENDATION

The purpose of the study was to investigate the Rockwell Hardness of the poly
carbonate matrix with respect to time and temperature, determine levels of polymer
resin wet-out in the composite and the development of a production process for poly
carbonate pre-preg rod and polycarbonate fibersteel rod.
The information gathered will be important when "Long glass fiber embedment
in polycarbonate thermoplastic" becomes an established pultrusion/pulforming pro
cess.

Conclusion
Question #1
The conclusion of question

is:

1. There was significant differences among all different temperature (annealing
oven/die set either low or high) and speed (pulling mechanism set either slow
or fast) combinations on the Rockwell Hardness of a polycarbonate matrix.
2. The weakest Rockwell M reading in the polycarbonate matrix was achieved at
high temperature and at slow speed.
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3. The strongest Rockwell M reading in the polycarbonate matrix was achieved
at high temperature and at fast speed.
Question #2
A 20 % polycarbonate wet-out with an 80 % glass loading was achieved for long
glass fiber embedment in a polycarbonate pre-preg rod (mean wet-out of 20.12 %
with a standard deviation of 0.2186).

Question # 3
Primary thermoplastic processing equipment was successfully completed, with
established processing parameters for the pultrusion of pre-preg rods containing 20
% polycarbonate and 80 % glass. The pre-preg rod is composed of 5 roving strands
bonded together to form a 1/8 in. dia. rod in continuous length. The parameters
for the process include operator parameter, material parameter, machine parameter,
method parameter, and environmental parameter.
Operator parameter

No formal technical skills are required for the operation

of the primary thermoplastic processing equipment.
Material parameter
1. The E-glass roving used was a product of Owens Corning Fiberglas. These
rovings are designed to be pulled from the inside of a package. Just prior to
entering the resin wet-out tank the roving strand should be broken by rollers
to give good wet-out. The 47.3-BB-225 roving contains a coupling/sizing agent
for polycarbonate resin compatibility.
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2. The wet-out solution was prepared according to a weight ratio, which was 20
% polycarbonate and 80 % methylene chloride.
3. Makrolon FCR-2458 virgin polycarbonate resin was a product of Mobay Cor
poration.
4. The reagent grade methylene chloride was a product of Fisher Scientific.

Machine parameter
1. Die and pre-heat temperature was controlled at 550 ± 10°F and puller speed
was set at 10 ± 1 ft/min.
2. The cooling zone delivered 60 psi compressed air.

Method parameter

It was continuous process after initial set up.

Environmental parameter
1. The room temperature was maintained at 75 ±5° F and relative humidity was
maintained at 50 %.
2. Ventilation is essential for this process according to the Occupational Safety
and Health Association(OSHA) regulation.

Question #4
Secondary thermoplastic processing equipment was successfully completed, with
established processing parameters for pulforming the fibersteel rod. The parameters

73

for the process include operator parameter, material parameter, machine parameter,
method parameter, and environmental parameter.

Operator parameter

No formal technical skills are required for the operation

of the primary thermoplastic processing equipment.

Material parameter
1. Polycarbonate pre-preg rod produced by the primary thermoplastic processing
equipment was used.
2. The same wet-out solution used in the primary thermoplastic process was used
for interconnecting the pre-preg rods.

Machine parameter
1. The pump delivered .25 gallon wet-out solution per minute.
2. The air wiper delivered 20 psi compressed air around the fibersteel rod.
3. The cooling zone delivered 60 psi compressed air.
4. The twist/pull mechanism assured a turn per foot pull at a line speed of 18 in.
per minute.

Method parameter It was continuous process after initial set up.

Environmental parameter
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1. The room temperature was maintained at 75 ±5° F and relative humidity was
maintained at 50 %.
2. Ventilation is essential for this process according to the Occupational Safety
and Health Association(OSHA) regulation.

Discussion
The major problem in the pultruded/pulformed composite showed a lack of
adequate wet-out and compaction of fibers. This problem was overcome by the
adjustment of various processing parameters. Wet-out of glass fibers was affected by:
1. varying the concentration of the wet-out solution (ratio of solute to solvent),
2. the use of coupling/sizing agents,

3. the initial amount of work applied to breaking the rovings as they enter the
system (proper design of resin wet-out tank especially in the positioning of
rollers),
4. the diameter of the wipe-off holes, and
5. the number of rovings entering the die.
Compaction of the glass fibers was affected by:
1. the diameter of the die opening. The diameter of the die opening was based
on the allowance for 20 % polycarbonate wet-out and the ability to produce an
1/8 in. dia. pre-preg rod.
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2. the cooling rates for the pre-preg rods. If too slow a cooling is allowed and
hot pre-preg rod reaches the puller, fibers are flattened and there will be com
paction.
Thermal degradation in polycarbonate thermoplastics must be a consideration
for any pultrusion/pulforming operation, since higher processing temperatures weaken
the materials.
Finally, it must be stated that a one piece die was preferred over a two piece die
since fibers may become wedged between the die halves. However, the one piece die
posed a problem in equipment set-up. The solution to this problem was wetting the
fibers with water and then 'staggering' fibers by only adding a fraction of the rovings
and then incorporating the rest of the rovings into the die opening.
Resin build up in the die is not a problem, but resin adherence to the die wall
can be prevented by either applying a lubricant to the die walls or have the inner
walls chrome-plated to reduce the coefficient of friction and allow for a smoother pull.

Recommendation for Further Research
This research generated many interesting questions which could be answered by
future researchers. To facilitate this, the following recommendations have been made.
1. It is recommended that an enclosed wetting tank system be designed to prevent
the excessive evaporation loss of methylene chloride in pilot plant equipment.
2. It is recommended that a study of super saturating polycarbonate in methylene
chloride be undertaken. A super saturated solution will afford higher production
quotars with a relatively low volume of solution.

76

3. It is recommended that a solvent recovery system for methylene chloride be
procured. This system may be economically advantageous to the processing
and will definitely meet OSHA (Occupational Safety and Health Association)
and EPA (Environmental Protection Agency) regulations with respect to envi
ronmental controls.
4. It is recommended that process optimization studies (efficiency and effective
ness) be carried out on pilot plant equipment (die design, die temperature,
wet-out, and line speed).
5. It is recommended that after the system for thermoplastic pultrusion/pulforming
is defined, a means of process monitoring of viscosity be implemented for pro
cess control and quality control.
6. It is recommended that other thermoplastic materials be used in for the study
of "Long glass fiber embedment in thermoplastic."
7. It is recommended that tensile tests, fatigue test, brittle fracture, Sharpy-Izod
test, and creep test be implemented on both pre-preg rod and fibersteel rod.
8. It is recommended that the pultrusion/pulforming industry make a comprehen
sive economic appraisal concerning the feasibility of "Long glass fiber embed
ment in polycarbonate thermoplastic."
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APPENDIX A.

GUIDELINE FOR CONTROLLING EXPOSURE TO
METHYLENE CHLORIDE
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U.S. Department of Labor

Assistant Secretary for
Occupational Safety and Health
Washington. DC. 20210

OSHÂ Inst2*uctlon PUB8-I.2A

AUG 11

19G6

Office of Science and Technology Assessment

Subject:

Guideline for Controlling Exposure to Methylene Chloride

A.

Purpose. This instruction provides guidelines to employers and
employees for controlling exposure to methylene chloride in the
workplace•

B.

Scope.

C.

Cancellation.
canceled.

D.

Action. Regional Administrators and Area Directors ahall provide
copies of Appendix A to the appropriate employers and ensure that:
copies are available for distribution to the public upon request.

S.

F.

This instruction' applies OSHA-wide.
OSHA Instruction FOB 8-1.2, March 10, 1986, is

Federal Program CHange. This instruction describes a change in
the Federal program for which a State response is not required.
. Each Regional Administrator, however, shall:
1.

Ensure that this change is prosçtly forwarded to each State
designee.

2.

Explain the technical content of this change to the State as
requested.

3*

Inform the State designees that they are encouraged to adopt
Appendix A or similar guidelines and provide copies to the
appropriate employers.

Background. As described in the attached Appendix on page A-4,
OSHA was asked by a major international union to develop and
publish a health hazard alert describing newly available health
effect studies and reconmending exposure control measures that
could be instituted by employers, ^pendix A was developed in
response tp-this request.

Peffdergra^g/
ssistant Secretary
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OSBA Instruotion PUB 8->t .2A
O^ice^ot ^fenee and Teobnology Assessment
DISTHIBOnON:

National, Regional and Area Offices
All Compliance Officers
State Designees
7(c)(1) Project Managers
HIOSB Regional Program Directors

2
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Appendix A

GOIDELIIE FOB COHTBCHJJK BCFOSORB TO
NBZHILEKE CBLOBZDB

O.S. Department of Labor
Occupational Safety and Health Administration
Washington, D.C.
January 1986

A-1
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Methylene Chloride

I.

Background
On July 19, 1935, the International Union, United Automobile, Aerospace
and Agriculture Implement Workers of America CUAU) petitioned the
Occupational Safety and Health Administration (QSEA) to take immediate
action on worker exposure to methylene chloride. Their request was
based on an animal inhalation study conducted by the National Toxicology
Program (NTP). UAW stated that methylene chloride caused cancer in
laboratory animals at levels close to the OSEA permissible exposure
limit of 500 parts methylene chloride per million parts of air (ppm).
OAW asked OSHA to take the following actions:
A.

Publish a health hazard alert describing the new information and
recommending control measures to be Instituted by en^loyers.

B.

Issue an Emergency Temporary Standard to require that protective
measures be instituted immediately.

C.

Begin work on a new permanent standard for control of exposure to
methylene chloride on an expedited basis.

The following labor unions have also petitioned OSEA to take immediate
action to.control worker exposure to methylene chloride:
A.

International Union, Allied Industrial Workers of America.

3.

Glass, Pottery, Plastics and Allied Workers International Union.

C.

United Furniture Workers of America.

D.

The Newspaper Guild.

E.

Communication Workers of America

?.

United Steelworkers of America.

This guideline describes the new health hazard Information and methods
to control methylene chloride exposure.

A-4
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II,

Introduction
Methylene chloride (DCM, dichloromethane, methylene di- or bi-chloride,
CAS registry number: 75-09-2) is a colorless, nonflammable, volatile
liquid (See Table 1}. Because of its ability to dissolve a wide range
of industrial coatings, its chemical compatibility with many
formulations and its rapid rata of evaporation, methylene chloride is a
commonly used solvent for paint removal, metal degreasing, and
pharmaceutical and aerosol products. It is also used as a blowing agent
for making polyurethane foams, for the production of printed circuit
boards, the œctrusion of triacetate fibers, and in a wide variety of
other important industrial processes (49)«
Methylene chloride is produced by one of two basic processes. One
process,involves the direct reaction of methane with chlorine and the
other involves the chlorination of methyl chloride. There are six known
manufacturing facilities which currently produce methylene chloride in
this country. About 265,000 metric tons of methylene chloride were
produced in 1983 (49). Table 2 lists the use distribution of methylene
chloride'

III.

Potential Sources of Exposure;
While employee exposures can occur wherever methylene chloride is used,
in general, employee exposures are likely to be highest when there is;

IV.

—

an open transfer of the liquid;

—

leakage from process equipment;

—

maintenance or repair work done on process equipment or transfer
systems containing methylene chloride;

—

a failure of temperature controls and/or of exhaust ventilation
systems or when these controls are inadequate, ineffective or
improperly applied.

Health Effects
A.

Routes of Exposure
Methylene chloride can affect the body if it is inhaled or if it
comes in contact with the eyes or skin. It can also affect the body
if it is swallowed (45).

A-5
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B.

Metabolic Pathways/Pbarmacoklnetlea
Analysis of the capability of various tissues to metabolize
methylene chloride indicates the liver as the primary site, with
some metabolic action in the lung and kidney. Data from both in
vitro and in vivo studies indicate that methylene chloride is
metabolized via two pathways. The P-450 mixed function oxidase
pathway is located in the microsomal fraction of the cell and yields
carbon monoxide as an end product. The glutathione-dependent enzyme
pathway found in the cytosollc fraction of the cell yields carbon
dioxide as an end product with formaldehyde and formic acid as
metabolic intermediates. Both pathways generate metaboUcally
active intermediates ; forsyl chloride, formaldehyde or Schloromethyl glutathione, lAlch are theoretically capable of
irreversibly binding to cellular macromolecules such as DHA (11).
In vivo data suggest that during exposure to low concentrations of
methylene chloride the two pathways appear to be utilized equally.
At high concentrations experimental animals exhale more carbon
dioxide than carbon monoxide. This suggests the cytosollc pathway
producing carbon dioxide may metabolize - significantly more methylene
chloride than the microsomal pathway yielding carbon monoxide (9).
At present there are no data to prove that humans utilize the
cytosollc pathway. Some investigators have speculated that this
pathway is functional in humans based on uptake data (9). Human
utilization of the microsomal pathway has been confirmed by
monitoring the carboxyhemoglobin (carbon monoxide attached to the
usual oxygen site on the hemoglobin molecule) level following
exposure (54).
The carbon monoxide generated as an end product of methylene
chloride metabolism impairs the ability of the blood to transport
oxygen to the tissues. Hemoglobin has a strong affinity for carbon
monoxide, approximately 210 times greater thai} for oxygen. This
results in carbon monoxide being readily attached to hemoglobin and
slowly dissociated. Once the carboxyhemoglobin is formed the
hemoglobin is unavailable to transport oxygen and the release of
oxygen from oxygenated hemoglobin is affected..
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Toxicology Data
1.

Animal Studies
Experiments have been conducted*to determine the carcinogenicity
of methylene chloride. Some of these studies and the
investigator's conclusions are summarized below.
The 1984 publication by Burek, et al. (3) reports the findings
of a Dow Chemical Company 1980 study of chronic inhalation in
rats and hamsters. Inhalation exposures of 0, 500, 1500, or
3500 parts of methylene chloride per million parts of air (ppm)
for 6 hours per day, 5 days a week for 2 years were used.
Burek's results showed an increase in benign tumors in female
rats at all doses and in male rats at the highest doses. Burek
also reported a significant increase in salivary gland sarcomas
at the high dose only in rats. Hamsters showed no tumors, even
at the highest dose levels.
In 1982 Dow Chemical Company performed a second inhalation study
to explore the toxicity of methylene chloride at concentrations
below those that cause saturation of the metabolic processes (0,
50, 200, and 500.ppm). Ho compound-related increased incidence
of any other tumor type was observed by Dow researchers.
The NTP (19) inhalation bioaasay of methylene chloride was
conducted on P344/N rats and B6C3F1 mice. Both sexes were
exposed at concentrations of 0, 1000, 2000 and 4000 ppm for rats
and 0, 2000, and 4000 ppm for mice, 6 hours/day, 5 days/week,
for 102 weeks. In both male and female rats there was an
increased incidence of benign mammary gland neoplasms, primarily
fibroadenomas. According to the NTP study there was a
significant Increase in hepatocellular neoplastic nodules and
hepatocellular carcinomas (combined) by the trend test only in
the female rats. NTP also noted a significant increase in
mesotheliomas in male rats. In addition there was a
statistically significant increase of mononuclear cell leukemias
in female rats by age adjustment. A marginally significant
increase was noted in adrenal pheochromocytomas and interstitial
cell tumors in male rats and pituitary gland adenomas and
carcinomas combined in male and female rats- by the trend test
only.
In the NTP mouse study, there was a highly significant increase
in alveolar/bronchiolar adenoma and/or carcinoma in both sexes.
The incidence of hepatocellular adenoma and hepatocellular
carcinoma combined was increased in the high-dose groups for

A-7

89
OSHâ Instruction PUB 8-1.2A

AUG 111986

Office of Science and Technology Assessment

both sexes and la the lower dose female group. NTP reported a
dose-related increase In the number of mice bearing multiple
lung and liver tumors. While the control mice had no more than
one lung tumor per mouse, 40 percent of all dosed animais had
multiple lung tumors. Likewise, 2 percent of the controls were
found to have multiple hepatocellular tumors and 30 percent of
the exposed animals exhibited multiple liver tumors.
The HT? concluded that "there was some evidence of
carcinogenicity of methylene chloride for male F3%4/N rats as
shown by increased incidence of benign neoplasms of the mammary
gland. There was clear evidence of carcinogenicity of
dichloromethane for female F344/N rats as shown by increased
incidence of benign neoplasms of the mammary gland. There was
clear evidence of carcinogenicity of methylene chloride for male
and female B6C3F1 mice, as shown by increased Incidences of
alveolar/bronchiolar neoplasms and of hepatocellular neoplasms."
2.

Epidemiological Studies
Friedlander, et al. (13) and the follow-up study by Hearne and
Priedlander (17) performed mortality analyses of male EastmanKodak employees exposed to low levels of methylene chloride for
up to 30 years. Proportionate and cohort mortality studies were
used to assess whether adverse health effects could be shown to
occur as a result of exposure to methylene chloride.
The proportionate mortality study was used to examine 33^^ deaths
of methylene chloride exposed workers during 1956 to 1976. The
control group consisted of Eastman Kodak workers who had not
been exposed to methylene chloride. Eastman Kodak reported 71
neoplasms found while 73 were expected based on other Eastman
Kodak employee mortality ratios. No single neoplasm site was
over-represented.

In the Heame cohort mortality study (17), 751 methylene
chloride exposed workers were compared to two control groups:
Kantnan Kodak employees' not exposed to methylene chloride and
New York State males. The exposed group had a slightly elevated
but not statistically significant rate of death from circulatory
and respiratory diseases, a slightly higher but not
statistically significant incidence of brain or nervous tissue
- cancers, and a significant excess of hypertensive heart disease
compared to other Eastman Kodak employees.
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Another facet of the cohort mortality study centered on 252
males with 20 years or more of exposure. Friedlander reported
that this group did not demonstrate a statistically significant
increase in neoplasms or in circulatory diseases when compared
to the control groups.
The study by Ott, et al. (47) reported the results of a health
evaluation of employees of a fiber production plant where a
solvent mixture of methylene chloride, acetone and methanol was
used. The control population was chosen from a plant where only
acetone was used. The investigation focused primarily on health
effects occurring to the cardiovascular system associated with
the increased carboxyhemoglobin levels resulting from
metabolized methylene chloride. The Ott, et al. study reported
no statistically significant differences between observed and
expected deaths.
EPA has criticized both of these studies stating that although
neither showed excessive risk, both showed sufficient
deficiencies to prevent them from being judged negative studies.
EPA noted that the Friedlander, et al. study (13) lacked the
statistical power to enable it to detect a potential
carcinogenic effect and the Ott, et al. (47) study, among other
deficiencies, lacked a sufficient latency period for sitespecific cancer.
Adverse Human Health Effects
Methylene chloride has a narcotic action and acts as a central
nervous system depressant. The symptoms of exposure may be
dizziness, nausea, tingling, numbness of the extremities, sense
of fullness in the head, sense of heat, stupor, dullness,
lethargy, and headache. Inhaling methylene chloride may cause a
sensation of drunkenness with mental confusion and light
headedness. Exposure to very high concentrations may lead to
staggering, rapid unconsciousness and death.
Skin contact with methylene chloride may cause irritation,
dryness of the skin or dermatitis. The problem may be
accentuated if the chemical is confined to the skin by
contaminated gloves, shoes or tight fitting clothing.
Vapor concentrations of methylene chloride above 2,000 ppm may
cause irritation of the eyes and respiratory tract (4).
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Since exposure to methylene chloride increases the carbozyhemoglobin level in the blood, ambient carbon monoxide levels
would have an additive effect on that carboxyhemoglobin level.
Under normal conditions blood contains about 0.5 percent
carbosyhemoglobia while a one-pack-a-day smoker will have a
carboxyhemoglobin level of approximately 5.9 percent (14). At
hi^ exposure levels (500 ppm and above), the carboxyhemoglobin
level would be expected to reach a maximum between 12 and 15
percent. This level is below that considered hazardous for any
normally healthy individuals but could place additional stress
on compromised individuals, e.g. persons with cardiovascular
diseases (11).
OSHA has initiated a program to evaluate all of the existing
research in order to decide the validity of each. At the
conclusion of this thorougi investigation a more meaningful
extrapolation of the data from experimental
studies to
human occupational exposure will be performed.
S.

Classification
EPA classified methylene chloride as a Probable Human Carcinogen
(Group B2). The EPA Probable Human Carcinogen classification
(Group B) is usâd when there is sufficient evldeoee of
carcinogenicity in anlirala and evidence of carcinogenicity from
epidemiological studies that ranges from "almost sufficient to
inadequate." To reflect this range, the category is divided
into higher (Group B1) and lower (Group B2) degrees of evidence.
The B1 category is reserved for those agents for which there is
at least limited evidence carcinogenicity to hunans from
epidemiological studies. In the absence of adequate data in
humans, it is reasonable to regard agents for which there is
sufficient evidence of carcinogenicity in animals as probable
carcinogens in humans. Agents for which there is sufficient
evidence from animal studies but insufficient evidence from
human studies are classified as B2 (12).

V.

Permissible ExpomHrm T.i mi t (PEL)
The current OSHA standard for methylene chloride is 500 parts of
methylene chloride per million parts of air (ppm) averaged over an
eight-hour work shift, with an acceptable celling level of 1000 ppm amd
a maximum peak concentration of 2000 ppm for five minutes In any twohour period. The National Institute for Occupational Safety and Health
(NIOSH) has recommended that the permissible exposure limit be reduced
to 75 ppm averaged over a work shift of up to 10 hours per day, 40 hours
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per week, with a ceiling level of 500 ppm averaged over a 15-ainute
period (21). NIOSH further recommends that permissible levels of
methylene ch_jride be reduced where carbon monoxide is present. The
HIOSH Criteria Document for Methylene Chloride should be consulted for
more detailed information (21). In 1986, the American Conference of
Governmental Industrial Hygienists (ACGIH) published a Notice of
Intended Changes for 1986-8? to lower the Threshold Limit Value-Time
Weighted Average (TLV-TWA) for an 8-hour workday from 100 ppm to 50 ppn
and deleted the Short Term Exposure Limit (3TEL) of 500 ppm. ACGIH
further classified methylene chloride in this notice as A2 (Industrial
substance suspect of carcinogenic potential for man. Chemical
substances or substances associated with industrial processes, which are
suspect of inducing cancer, based on either (1) limited epidemiologic
evidence, exclusive of clinical reports of single cases, or (2) demon
stration of carcinogenesis in one or more animal species by appropriate
methods) (2).
71.

Monitoring
Personal and area monitoring should be conducted periodically to
determine the levels of employee exposure. Personal samples measured
over an entire workshift should be collected at the workers' breathing
zones to determine their time-weighted average (TWA) exposures. Air
samples of methylene chloride can be collected by charcoal tubes, the
analyte desorbed with carbon disulfide and analyzed by gas chromatograph
equipped with a flame ionization detector (22,23).
Because methylene chloride is a solvent with a high.vapor pressure,
there is a high probability of its migration once adsorbed on charcoal.
For this reason, and since the amount of sample which can be collected
is limited by the quantity each tube will hold before overloading, OSHA
recommends that sampling be done with two charcoal tubes in series, each
containing 100 mg front and 50 mg backup sections of charcoal at a
flow rate of 50 ml/min and not to exceed a sample volume of two
liters of air (46).

VII.

General Methods of Control:
Commonly used methods for controlling occt^aticnal exposure to methylene
chloride include product substitution, engineering controls, work
practice controls, and the use of personal protective clothing and
equipment. Appropriate worker education and training programs are also
major factors in the control of exposures to methylene chloride.
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A.

Substitution;
The best method for controlling exposure to any extremely toxic
material la to use a less toxic material wherever possible.
Methylene chloride has been described by industry as a very strong
and effective solvent for a variety of industrial compounda,
combining several important technical qualities in one solvent
(e.g., it is a flammability suppressant, a vapor pressure
depressant, a viscosity thinner, can be readily atomized, has a high
evaporation rate and readily dissolves a wide variety of substances)
(10,15).
Industry has suggested the use of ethyl alcohol as a substitute
solvent for use in hair sprays, room fresheners, degreasera and
other household aerosol formulations. Possible alternative solvents
for household aerosol spray paint formulations are acetone, methyl
ethyl ketone or toluene. Care must be exercised in selection of
these substitute solvents since they are highly flammable. For cold
cleaning or vapor degreasing, 1,1,2-trichloro-1,2,2,-trifluoroethane
(Fluorocarbon 113) or other less toxic halogenated hydrocarbons may
be used (10,15).
Trichlorofluoromethane (Fluorocarbon 11) has been used as an
alternative solvent -to methylene chloride for use as a blowing agent
la the manufacture of urethane foam products (5).
For many other important industrial processes, there may not be any
viable alternatives to methylene chloride at this time.

B.

Equipment or Process Design;
Open equipment irtiich discharges methylene chloride to the ambient
air should be.avoided unless mechanical ventilation or solvent
recovery units are available. Occupational exposure to methylene
chloride can be minimized by the effective installation, use and
proper maintenance of such items aa full or partial process
enclosures, including the use of baffles and covers. For example,
an enclosed pressure filter press may release less methylene
chloride than an open vacuum filter. Methylene chloride emissions
from an enclosed centrifuge are much lower than from an open type
(49).
A continuous process could reduce methylene chloride exposures over
processes which utilize frequent charging and discharging
operations. A process operated at low temperatures could also
reduce the potential for overexposure to the solvent (7,16,24,49).
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Solvent recovery systems should be installed wherever practicable to
prevent the release of methylene chloride to the process area.
Exhaust Ventilation:
The use of exhaust ventilation systems ia the most effective method
for removing excessive quantities of methylene chloride vapor from
the workroom air. Exhaust ventilation should be installed to
minimize employee exposure to methylene chloride whenever feasible
and should be designed, installed and maintained to prevent the
accumulation or recirculation of methylene chloride into the
workroom air (7,24).
Local exhaust ventilation should be placed in such location as to
achieve the effective capture and removal of vapors without drawing
them past the workers' breathing zone. Local exhaust ventilation is
commonly installed at cold cleaner degreasing tanks, vapor
degreasers, foam blowing units, and triacetate fiber drying
cabinets.
Exhaust systems should be periodically monitored for proper
operation and should also be routinely serviced to maintain their
peak efficiency. Adequate make-up air should be supplied to assure
an effective system.
Work Practice Controls, Maintenance, General Housekeeping and
Personal Hygiene;
Particularly in jobs which involve the tending of large pieces of
equipment, work should be performed as quickly and efficiently as
possible so as to minimize the duration of exposure (with frequent
breaks in a methylene chloride-free area). Workers should always
stay as far from the sources of solvent emissions as possible.
Under OSHA's Hazard Communication standard (29 CFR 1910.1200),
information on hazardous chemicals such as methylene chloride, must
be transmitted by manufacturers and distributors of such products to
employers within the manufacturing sector. Those employers must
then inform their employees of the hazardous nature of those
chemicals by means of labels on containers, material safety data
sheets and training programs. It is important to remind workers
that all solvent containers which are used secondarily to hold
methylene chloride dispensed from larger supply containers should
also be properly labelled and kept tightly sealed when not in use.
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Methylene chloride transfer pomps should be routinely inspected and
maintained to prevent the release of the solvent. Standard
operating procedures should be established for vessel entry.
Vessels or storage tanks should be thorou^ly purged, ventilated,
and tested before entry. Continuous ventilation should be provided
when working inside a vessel or storage tank. Standby personnel
with proper equipment should be available for rescue.
Workers should promptly tend to the cleanup of spills and the
containment of leaks that may occur. Adsorbents such as chemical
sorbent, vermiculite, or per11te could be used to remove small
spills. Large spills should be handled by a specially trained and
equipped emergency response team. All materials used in spill
cleanup operations, large or small, should be promptly and
appropriately disposed of so as to prevent new sources of vapor
emissions.
Nearby washing facilities must be provided for employees who handle
liquid methylene chloride (29 CPS 1910.151). Good medical practice
indicates that, as with other non-water-reactive chaiicals, eye
contact with methylene chloride should be treated immediately with a
constant cold water flush for at least IS minutes and medical
attention provided immediately.
Contaminated clothing should be
removed immediately and affected areas of the body (other than eyes)
washed thoroughly with soap and water.
Food, drink, chewing products, tobacco products, medicine and
cosmetics storage, preparation, consumption and/or use should be
limited to areas where no possible contamination of these materials
with liquid methylene chloride may occur.
Methylene chloride is metabolized by the liver to form carbon
monoxide. Methylene chloride and carbon monoxide therefore have an
additive effect on the body. The body handles these chemicals
similarly, producing carboxyhemoglobin which reduces the oxygencarrying capacity of red blood cells. Since smokers have higher
levels of carbon monoxide in their blood, employees should be
advised of this additional hazard and smoking should be discouraged
(5,36).
When methylene chloride and other chlorinated hydrocarbons such as
trlchloroethylene, perchloroethylene and hexachloroethane come into
contact with an open flame or hot metal, as in welding operations,
chlorine containing gases are formed. Care must be taken to prevent
accidental generation of these gases from this source (7).
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E.

Personal Protective Clothing and Equipment;
Since liquid methylene chloride is irritating to the skin and can
also be absorbed throu^ the skin, in operations where splashing,
spilling, spraying or skin or eye contact with methylene chloride
nay occur, employees should wear protective solvent-impermeable
coveralls and other protective gear such as gloves (long enough to
cover the forearms), aprons, shoe coverings and safety glasses and
goggles and faceshields when appropriate.
Viton (a fluorocarbon elastomer) and polyvinyl alcohol (PVA)
materials used for some protective gear provide very good permeation
resistance to methylene chloride. However, since Viton has
relatively low mechanical strength and is very expensive, and
polyvinyl alcohol is water soluble, these have limited application
as protective clothing materials (1).
Other commonly used materials such as neoprene, butyl rubber nitrile
rubber or polyvinyl chloride (PVC) may provide limited protection
against methylene chloride and may be used with caution for shortterm contact with this solvent (1).

F,

Respirators ;
Positive-pressure supplied air respirators or self-contained
breathing apparatus are recommended whenever respirators are
required.
Where employees must wear respirators, an appropriate respiratory
protection program in accordance with 29 CFR 1910.134 must be
instituted.
A study, conducted at the Lawrence Livermore National Laboratory has
demonstrated tMt full shift use of chemical cartridges or canisters
are not efficient for removing methylene chloride, since cartridge
breakthrough times are 30.0, 22.6 and 17.3 minutes for methylene
chloride concentration challenges of 500, 1,000, and 2,000 ppm,
respectively (20). Furthermore, because methylene chloride does not
have adequate odor warning properties, use of air-purifying
respirators does not provide an adequate margin of safety CU). For
these reasons, the use of air-purifying respirators such as chemical
cartridge respirators or gas masks equipped with organic vapor
cartridges or canisters is not generally recommended, however, these
may be used for short-term exposure to low levels of methylene
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chloride, provided the service life of the cartridges and/or
canisters has been determined for the intended use. In addition, if
they are used, cartridges and/or canisters should be replaced at the
beginning of the work shift or before the end of their service life.
Quantitative fit testing should be performed for facepiece selection
whenever negative-pressure respirators are used.
VIII.

Education and Training;
An effective employee education and training program can also serve to
reduce potential for exposure to methylene chloride and is required
under OSHA*s hazard communication standard (29 CFR 1910.1200). The
program should contain at least the following elements:

IX.

—

The hazards of methylene chloride exposure and methods which can be
used to prevent inhalation or skin or eye contact.

—

Use, care and limitations of respirators and other personal
protective equipment (see 29 CFR 1910.134).

—-

Safe handling of methylene chloride and other relevant work
practices.

—

Effective housekeeping procedures.

—

First aid and emergency procedures (see 29 CFR 1910.134 and
1910.151).

—

Relevant personal hygiene aspects for controlling individual
exposures.

Industrv-Soecific Methods of Control;
The information presented thus far has been very general in nature.
Exposure to methylene chloride as it is used in many industrial
processes can readily be controlled by a combination of these
generalized control measures with more specific process-related designs
and procedures.
This section discusses individual industrial processes, associated
sources of potential exposure, and some process-related methods for
minimizing exposures in some of the more important industrial uses of
methylene chloride.
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Degreaslng Operations
Methylene chloride is used by the degreasing industry, and as an
Incidental (though crucial) part of many other industries, as a
solvent cleaner in cold cleaning, vapor and conveyor type
degreasers. Annually, approximately 16,WO metric tons of methylene
chloride are used in the O.S. by the degreasing industry alone
(49,50). It is used as a 100$ commercial grade solvent or as the
primary ingredient of the degreasing solvent. Methylene chloride is
a preferred solvent for this use because of its ability to dissolve
a wide range of industrial chemicals, its rapid rate of evaporation,
chemical compatibility with most metals and its non-flammabillty
(10,15,49,50).
Process Description:
1.

Cold Degreasing: Most cold degreasers are open-top stainless
steel tanks. The cleaning operations used in cold degreasing
Include spraying, flushing, brushing and immersion in the
. solvent. Typical maintenance cleaning is accomplished by
manually spraying the dirty parts and then soaking them in the
degreasing tank. When cleaning is completed, the parts are
typically suspended over the tank to drain or are placed on a
rack outside the tank with the solvent drippings directed back
into the tank or otherwise collected for subsequent reclamation.
Some degreasers are equipped with agitators that operate while
the parts are immersed in the solvent. This enhances the
cleaning efficiency of the solvent (24,27,31,40).

2.

Vapor Degreasing: Open top vapor degreasers operate by
condensing hot solvent vapor on colder metal parts. The typical
open top vapor degreaser consists basically of two sections: a
lower section with a reservoir containing liquid solvent and a
heat source which boils the solvent to create a vapor and an
upper section containing "only the vapor and emission control
items (16,21).
Metal parts soiled with grease, oil, metal fines, etc., are
lowered, usually in a basket, into the solvent vapor-zone of the
tank with the aid of a manually-operated or automated crane.
The hot vapor condenses onto the cooler metal parts and the
condensate dissolves the soil, carrying it along as it drains
back into the boiling liquid reservoir below. When the metal
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parts reach vapor temperature, the condensation stops. The
vapor degreasing process takes advantage of the fact that the
solvent boils at a such lower temperature than the oil and
grease. If the temperature of the liquid reservoir is
maintained at the boiling point of the solvent, only pure
solvent vapor is found in the vapor zone of the degreaser. As
water can interfere with the degreasing activity, degreasers are
also equipped with a water drain-off valve. The cleaning
efficiency of this process can be increased by spraying immersed
parts with solvent or by dipping them into the liquid phase
(5,16,21,24).
3-

Conveyorized Degreasing; Conveyorized degreasers are operated
with either cold or vaporized solvent. Parts are placed on a
conveyor which carries them into the liquid solvent or througi
the vapor zone and out the other end for drying and/or
subsequent handling. Conveyorized degreasers are generally
continuously loaded and are almost always hooded or enclosed
(5,16,21,24).

Potential Exposures:
PSI Associates, Inc., under contract to NIOSH, has calculated TVA
exposures to methylene chloride in degreasing operations to range
from 2 ppm to 22U ppm (49).
Worker exposures can be high during the preparatory manual spraying
of dirty -parts with solvent before their insertion in the degreasing
tank. Also cross drafts of air can disrupt both the emission
control systaa and the local exhaust ventilation system and result
in worker exposure.
During cold cleaning, .workers may be
of the tank to scrub parts that have
Concentrations of methylene chloride
worker involved in such an operation
(49,50).

required to lean over the edge
not been adequately cleaned.
in the breathing zone of one
were measured at 5,000 ppm

Degreasing equipment must be cleaned periodically to maintain its
efficiency. The potential for high exposures is great during this
process since it is frequently done by the worker simply emptying
the tank of solvent, rinsing it with water from a high-pressure hose
and then climbing inside the tank to scrub it down with brushes
(7,24).
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Methods for Control Specific to this Industry:
1•

Engineering Controls;
The proper design and operation of degreasing equipment are the
most important aspects of exposure control in this industry.
Occupational exposures to the solvent can be minimized by the
use of a vapor zone freeboard height of 60$ of the machine width
and by the temperature control of vapor emissions throu^ the
use of condensation coils or a freeboard refrigeration device
(the "freeboard chiller") (5,7,16,24,32,38,43).
Exhaust ventilation should be designed, installed and maintained
in such a way as to prevent cross drafts over the degreasing
equipment (such drafts could result in solvent vapors being
brought into the workers' breathing zone). Baffles on windows
near degreasers can help control high velocity drafts and
baffles and shields around degreasers can keep air currents from
disturbing the vapor layer (32). The location of degreasing
equipment in large rooms with good general ventilation but no
cross drafts, and away from sources of high temperature can
contribute substantially to the control of airborne exposures to
methylene chloride (38,43).

• 2.

Work Practices, Housekeeping and Personal Hygiene;
The benefits of many degreasing equipment design features and
exhaust ventilation controls which zre readily available, can be
largely, if not entirely negated by improper operating
procedures and/or negligence of equipment maintenance and repair
needs (16,24).
Many exposure problems associated with degreasing operations can
be substantially reduced by simple equipment maintenance and by
proper use of the equipment and solvent by the operator.
Freeboard ducts must be cleaned frequently to prevent their
becoming clogged and their exhaust efficiency diminished. In
some cases, heat exchange coils on the compressors, of freeboard
chillers need to be cleaned to keep the unit operating
effectively in condensing the vapor and containing it within the
degreasing unit. Degreaser covers should be used whenever
possible and always when the equipment is idling (5,7,16).
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Disturbances of the vapor layer and resultant solvent "dragout"
is directly related to too rapid entrance/removal speeds for
parts being cleaned and to excessive amounts of moisture in the
solvent (i.e., the water layer is improperly or insufficiently
drained from the system).
Parts should be removed only when degreasing action is over and
must be given adequate time to drain prior to their removal from
the degreasing unit. Neglect of the recommended drainage time
frequently results in increased concentrations of solvent vapor
la operators' breathing zones.
Overloading the degreaser can also result in excessive airborne
vapor concentrations. Seeping the cross-sectional area of the
woricload to less than 50$ of the available machine area can help
reduce exposures (16,21).
The manual spraying of parts in areas above the vapor zone of
the equipment can result in unnecessary exposures. Operators
can alleviate this problem by taking special care to spray parts
only while the parts are in the vapor zone and to carefully
diz*ect the spray so as to keep the solvent from splashing above
or outside of the vapor zone (32,36»33,43).
B.

Paint Removal
Methylene chloride is also used extensively as a paint remover. In
their draft report on methylene chloride use, SBI International,
Inc., estimates that almost 25$ of the 265,000 metric tons of
methylene chloride produced each year are used for this purpose
(49).
The ability of methylene chloride to penetrate, blister and lift
paint and other coatings far exceeds that of any other solvent
currently available. For this reason, commonly used paint removers
that are not 100$ methylene chloride, frequently contain 50-90$
methylene chloride in combination with alcohol and hydrocarbon cosolvents (49,53).
Process Description;
Paint remover is either sprayed or brushed onto the surface being
stripped and, after a short "setting" period, the stripper and
loosened paint (or other coating) is brushed, scraped or wiped off
into collection troughs with scrapers or brushes for disposal. The
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surface being stripped is then washed and brushed down with a water
or solvent rinse and brushes to remove the remaining stripper
solvent and old paint (25,26,42,53)*
Stripper solvent that is applied by sprayer is frequently delivered
to the handle of the sprayer by pneumatically operated pumps which,
when placed in the solvent containers, force the stripping compound
through hoses to the spray handle. The stripper is sprayed onto the
painted surfaces in the form of a fine mist and, in most instances,
is sprayed from above the object being cleaned, with the spray
directed downward. Application of stripping compound to small hardto-reach areas or to "stubborn" areas is generally accomplished
manually by dipping a bristle brush or other scraping tool into an
open container of stripping solvent (53).
Potential Exposures:
Exposure to methylene chloride during paint stripping operations can
occur from inhalation and/or dermal contact with the spray mist,
with vapor from open containers of solvent or from contact with the
liquid, from solvent-saturated coatings which have been removed from
treated surfaces and collected in open troughs, and from residual
solvent remaining^on brushes and scrapers (26,42,53).
Airborne exposures of employees involved in paint-stripping
operations have been measured and TWA's calculated to range from 7
to 3,897 mg/m2 or about 2 to 1,113 ppa (49). Employee exposures to
methylene chloride in paint-stripping operations are generally
sporadic and highly variable, and are greatly influenced by the
effective use of exhaust ventilation and personal protective
clothing and equipment (49,53).
Methods for Control Specific to this Industry:
1.

Engineering controls; The use of methylene chloride in paintstripping operations and its high vapor pressure result in its
ready release into the workplace air. Adequate exhaust
ventilation should be utilized as a primary control. Closefitting exhaust ventilation or vacuum systems used on or with
spray hoses to control over-spray at the point of mist
generation should be utilized. Collection trouas used for
paint scraps and solvent residues should be fitted with
appropriate exhaust ventilation (42,49,53).
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2.

C.

Work Practice Controls: Solvent-soaked brushes, scraping tools,
rags and clothing should be placed in closed containers or in
ventilates hoods. Collection troughs used for paint scrapings
and solvent residues should be kept covered when not in use and
emptied and rinsed free of residual solvent and paint scrapings
as frequently as practicable.

Extrusion of Triacetate Fibers
Methylene chloride is used to dissolve triacetate polymer flake into
a liquid for extrusion of the triacetate into fibers (49).
Process Description;
The triacetate flake and other dry ingredients are added
automatically to a batch mixer through a weigh hopper. A solution
of methylene chloride and methanol is slowly fed to the dry solids
in the mixer throu^ a closed system until the solids are completely
dissolved. The liquid form of the polymer, called dope, is filtered
so that it is absolutely free of materials that could block the
holes in the spinnerettes, through which the liquid polymer will
subsequently be extruded (49,50,52).
Following filtration of the triacetate dope, it is pumped to the
extrusion area where it is preheated, filtered through a candle
filter, and forced through an extrusion head (the spinnerrstte or
jet). The extruded fibers travel down through a drying cabinet in
which air removes the solvent and dries the fibers. The fibers are
gathered at the base of the drying cabinet, and the resulting
triacetate yam is spun onto a carrier package or "bobbin." Several
of these drying cabinets are grouped together in a long row called
a"metier." The bobbins are put into a storage area until the yarn
is ready to be processed further. This additional processing
includes operations known as twisting (a mechanically performed
twisting of the yam which strengthens it), coning (the transfer of
the yam from a supply bobbin to a cone for use in the textile
industry) and beaming (the transfer of filament from several hundred
bobbins onto a large spool known as a weaving or section beam)
(49,50,52).
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. Potential Exposures;
Throu^out the mixing and filtering processes, the solution is kept
in a closed system which, under normal operating conditions, will
preclude- exposures. Periodically, the filter presses require
stripping and replacement of the filter elements. Approximately 10
to 12 filter presses are stripped each week and the elements
replaced with fresh cloth filters. The old filters are partially
dried and are then processed to recover the solvent and polymer
(49,50,52).
Ambient levels of airborne methylene chloride present in the woric
areas where the triacetate fiber is prepared, extruded and packaged
have been determined by SRI International, Inc. in their survey
report of a plant in Rock Hill, South Carolina, to range from
approximately 49 ppm to 685 ppm in the areas sampled. Eight-hour
time-weighted average (TWA) concentrations of area samples taken at
the operating level between several of the metiers ranged from 410
ppm to 975 ppm. Levels measured at one extrusion spinning area of
the plant ranged from 394 to 685 ppm, and levels of the catvalk jet
(apinnerrette) areas measured in one filter press area and one
bobbin storage area were 285 and 343 Ppm, respectively. Levels
measured at the yarn twisting operation were 49 ppm and at the
coning operation were 31 ppa (49,51,52).
All of the job classifications involved in triacetate production
show some degree of variability in the exposure levels from shift to
shift despite the continuous nature of the operations. Week to week
variations have also been noted due to changes in the production
rate and in the size of the yam being produced—smaller denier yam
giving off less vapor than the larger denier yarn. Variability in
exposure levels has also been attributed to such factors as start-up
and shut-down of the metiers. In addition, different operators do
the same task in different ways (e.g., some will get closer to the
equipment, some take longer or shorter times to get their work done)
(49,51,52).
Exposures for the different job classifications involved in
triacetate fiber production were reported by SRI International, Inc.
Almost all of the samples taken from the patrolers, doffers, jet
wipers and filter pressmen exceeded 200 ppm (measurements ranged
from 69 to 561 ppm approximate 8-hour TWA concentrations). Some of
the samples collected for the bobbin store operator, lacer and
beaming operator were also above 200 ppm (range; 67 to 278 ppm
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approximate 8-hour TVA concentrations). The creeler and coning
operator classifications were conçaratively low, with levels ranging
from 31 to 162 ppm (49,51,52).
Methods for Control Specific to this Industry:
The sources of methylene chloride exposures during triacetate fiber
production include leaks, mixer vents, filter vents, extruder/dryer
vents, storage cabinet vents and exposures that occur during the
further processing of yarn containing residual methylene chloride.
Local exhaust ventilation should be used at each of the sources of
vapor emissions (49,51,52).
D.

Pharmaceutical Industries
Methylene chloride is used extensively as a solvent in the
purification of pharmaceutical products and pill coatings.
drugs are made in a batch process (4â).

Most

Process Description;
Chemical reaction: Haw material solids and solvents (usually not
methylene chloride) are mixed in a reactor vessel in which the
chemical reaction is carried out, sometimes under elevated
temperature or pressure. The stainless steel or glass-lined carbon
steel reactor is either an open tank or an enclosed vessel and is
equipped with an agitator. Various peripheral equipment such as
condensers, a refrigeration unit, or a vacuum system can be added to
allow the reaction to take place at very high or low temperatures
and/or pressures. Some reactors are equipped with a condenser for
recirculation of the solvent (48,49).
Product separation: The effluent is pumped from the reactor to a
holding tank where the reaction"products are washed to remove
unreacted raw materials and byproducts. The washed reaction
products are then piped to various separation process tanks. An
extraction process in which a solvent preferentially combines with
one of the reaction products is oosmonly used for product
separation. The extraction takes place in the reactor where a
solvent is added to dissolve the reaction product to be extracted.
Methylene chloride is a commonly used extractant in the production
of some pharmaceuticals. Distillation, crystallization and
filtration are also used In product separation (43,49).
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Purification: The crude product is purified by crystallization of
the desired compound from a supersaturated solution. Â filter press
is usually used to separate the concentrate from the solvent. The
purified product and remaining solvent are then separated in a
centrifuge. The cake may be further washed by water or another
solvent to remove impurities before drying (48,49).
Drying; Various types of dryers such as tray, rotary or fluidized
bed dryers use hot air circulation or are operated under a vacuum to
remove the remaining solvents or water from the centrifuged or
filtered product. The dried material is then packaged as the
finished product (48,49).
Potential Exposures;
Methylene chloride is released during storage and transfer
operations, and during reactor charging, separation, and drying
processes (49). The areas or operations where employees may be
exposed to methylene chloride are;
1.

Storage area: From the displacement of air containing methylene
chloride during storage tank charging.

2.

Reactor: From the displacement of air containing methylene
chloride during reactor tank charging, while the tank is being
purged and/or cleaned after extraction, during the purging of
vaporized methylene chloride from a solvent wash, and during the
collection of reaction cycle samples for quality control
analyses.

3.

Distillation condensers: When uncondensed methylene chloride is
released during refluxing in a distillation condenser.

4.

Crystallizer: When the crystallization is accomplished by the
evaporation of solvent containing methylene chloride.

5.

Filters : When filters are opened to remove collected solids and
when they are cleaned.

6.

Centrifuge: When methylene chloride is separated from the solid
product in an open-type centrifuge which permits large amounts
of air to contact and evaporate residual solvents. Exposures
can also occur when solids which are still wet with solvent are
unloaded from centrifuges.
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7.

Dryer: When heat and/or a vacuum is applied to the solventladen product or warm air is blown around or through it to
remove the regaining methylene chloride in the final product.

8.

Equipment maintenance: When process vessels, storage tanks and
transfer pumps are opened for inspection, cleaning or repair.

Worker exposures, as estimated from a survey of three plants in the
pharmaceutical industry, range from 7 to 3,716 mg/m3 (2 to 1,062
p^) as calculated personal TWA exposures (49).
Methods for Control Specific to this Industry:
1.

Engineering Controls
Local exhaust ventilation should be installed at operations
where significant exposure to methylene chloride is expected,
such as at dryers, distillation columns and condensers, vacuum
drum filters, and at column extractors (48,49).
If open-type centrifuges
reduce solvent emissions
bottom unloaders'for the
minimize worker exposure

E.

are used, an inert gas blanket can
to the workroom atmosphere. The use of
transfer of centrifuged solids can also
(48).

Electronics Products
Methylene chloride is used in the electronics industry in the
production of circuit boards.
Process Description;
A polymer-based photosensitive resist material is applied to the
blank copper-clad laminated circuit board and the circuit design is
applied over it. The board is then exposed to a light source, the
photoresist is developed and the unwanted resist is removed. The
exposed copper is passed through an etching bath and the remaining
photoresist chemical is removed by stripping with methylene chloride
(5,6).
Another use of methylene chloride in the electronics industry is as
a vapor degreaser to remove the flux from the printed circuit boards
after soldering (41).
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Methylene chloride is also used in the manufacture of semiconductors
where it is used in the diffusion process to introduce dopant
impurities which modify the electrical properties of a semiconductor
(40,U1).
Potential Exposures;
Employees who most likely will be exposed to methylene chloride are
those whose work stations are at or near the photoresist chemical
stripping operation, the vapor degreaser tank or at the diffusion
process. Those who handle drums or storage vessels of methylene
chloride and those who provide maintenance of the equipment where
methylene chloride is handled may also be at risk (40,41).
According to PEI Associates, Inc., estimates, worker exposures to
methylene chloride from use in the electronics industry range from 5
to 74 mg/m3 (1 to 21 ppm) for assemblers and from 1 to 550 mg/m3
(0.28 to 157 ppm) for related workers (49)«
Methods for Control Specific to this Industry
Local exhaust ventilation should be installed at operations where
high exposure to methylene chloride is expected, such as at the
photoresist stripper or the degreaser.
Foam Blowing
Methylene chloride is used in the foam blowing industry as an
auxiliary blowing agent in the production of flexible urethane foam
slabstock (5,34).
Process Description:
Methylene chloride and other ingredients are pumped to a traversing
mixing head and discharge nozzle which is positioned at the
beginning of the operations line tunnel. The mixed liquids are
discharged onto a conveyor belt which travels through the tunnel.
The reaction is exothermic and the blowing agent is vaporized. This
vaporization forms cells in the foam and causes the mixture to rise.
The foam cures as it passes throu^ the tunnel and is ready to be
sawed into slabs and packaged for shipment upon exiting the tunnel
(24,49).
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Potential Exposures?
Methylene chloride emissions result from storage vents, leaks and
primarily from the foam tunnel. Methylene chloride is released from
the foam as it proceeds through the tunnel. When the foam finally
leaves the tunnel, essentially all the methylene chloride has been
emitted.
Calculated Time Wei^ted Average exposure concentrations (TVA's)
r ange from 7 to 249 mg/m3 (2 to 71 ppm) for foam operators and 55 to
174 mg/m3 (1.6 to 50 ppm) for related workers (49).
Methods for Control Specific to this Industry;
- Local exhaust ventilation should be utilized along the entire
operation line, wherever leaks may occur, especially the operation
line foam tunnel and where storage vents are present. Special care
should be taken to avoid exposures and direct contact with liquid
methylene chloride during foam head cleaning operations.
Methylene chloride is sometimes reclaimed by a distillation process
and reused. The still should be properly sealed or ventilated.
G.

Aerosols Packaging'
Methylene chloride is utilized as a solvent in the.aerosol industry
for a variety of aerosol products including finishes and coatings,
paint removers, hair sprays, cleaners, room deodorants, herbicides,
and insecticides (29*49).
Process Description:
Methylene chloride is used as an aerosol solvent since it is
compatible with many types of formulations, depresses the vapor
pressure of high pressure propellants, reduces flamoability,
enhances the dispersion of the aerosol spray and speeds up drying of
the dispersed product (29,49).
The solvent and product are mixed before being sent to the packing
line, where aerosol cans are charged with product and propellant and
crimped closed. The cans are then placed in a hot water bath to
test the integrity of the cans up to a specified temperature. They
are then packaged for shipment (29,49).
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Potential Exposures:
Methylene chloride emissions result from spills and from evaporation
during product-solvent mixing operations and during aerosol can
charging. Methylene chloride emissions will also result from
volatilization of suspended droplets or by evaporation from sprayed
surfaces. Exposures will vary with the type of equipment in use and
the type of product packed (49).
Only limited information is available for occij^ational exposures in
this industry. Personal exposures to methylene chloride during
aerosol packing operations have been measured at 52 mg/m3 (15 ppm)
for batch mixers, 101 mg/mS (29 ppm) for aerosol, line filters and
line operators, 171 to 2,223 fflg/m3 (4g to 635 ppm) for valve
droppers and 529 fflg/m3 (151 ppm) for tub cleaners (29,49). PEI
Associates, Inc., has calculated TWA exposures to range from 101 to
1890 mg/m3 (29 to 540 ppm) during aerosol packing operations
(29,49).
Methods for Control Specific to this Industry;
Local exhaust ventilation should be utilized along the entire
operation line, particularly at the mixing tanks, aerosol filling
line and methylene chloride transfer operations.
Production of Polycarbonate Resins
Methylene chloride is used as a solvent in the polymerization
reaction during polycarbonate resin manufacture.
Process Description:
Polycarbonate is formed by reacting bisphenol A with phosgene in the
presence of an excess of pyridine. Methylene chloride is used as a
solvent in the polymerization reaction. A jacketed reaction vessel
equipped with an agitator is charged with the reactants and solvent.
Phosgene gas is bubbled throu^ the reactor contents. The reaction
takes approximately 1-3 hours and is carried out at temperatures
below 40®C (104®F). Pyridine and methylene chloride are recycled
during the process (29,49).
The reactor contents are then fad to wash tanks for removal of
residual pyridine with hydrochloric acid and water washes.
Methylene chloride is removed by steam stripping. The polycarbonate
polymer is precipitated from the polymer-aethylene chloride stream
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with as organic compound, such as an aliphatic hydrocarbon, and is
separated by filtration. The filtered poljTner is transferred to a
drying process, while the solvent is recovered in a distillation
column (49).
Potential Exqosurea;
The polymer is dried by direct contact with hot air. Although
solvent recycling from the drying process is indicated from
reference information reviewed, it is likely that some methylene
chloride is emitted and is a possible source of exposure. Methylene
chloride is present in all process steps, although it is not clear
which processes emit methylene chloride to the ambient air (29,49).
Worker exposure to methylene chloride could result from any leaks
throughout the process and particularly during the filtrate removal
and drying operations.
Methods for Control Saeclfic to this Industry;
Local exhaust ventilation should be utilized at operations at which
high exposures to methylene chloride might be expected, e.g., at the
filtration operation, the drying areas and during any maintenance,
cleaning or repair operations at sites in the process line where
methylene chloride has been used (29,49).
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Table 1:

Physical and Chemical Properties of Methylene Chloride (4)

Physical state:

Colorless liquid

Molecular vel^t:

84.94

Specific gravity;

1.325 ( 20/4*0

Melting point:

.96.70c

Boiling point:

40.IOC

Vapor pressure:

350 mm Hg (20OC)
440 mm Hg C250C)

Vapor density:

2.93 (air = 1)

Solubility:

2 gm/lOO .ml water at 20^0; soluble in ethanol,
ethyl ether, and acetone

Explosive liiBit:

no flash point or fire point by standard test
i n a i r . The f l a o m a b i l i t y i n o z y g e n i s 1 5 . 5 t o
66$ in oxygen.

Percent in saturated
"air":

55 (25OC)

Odor threshold:

300 ppm (sweetish, aromatic)
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Table 2:

Use Distribution of Methylene Chloride (49)

Aerosols
Paint removers
Urethane foam blowing
Degreasing
Electronics
Pharmaceutical solvent
Triacetate fiber extrusion
Polycarbonate resin production
Other uses
E&port

69,400
63,100
22,700
16,400
16,400
11,375
2,250
2,150
66,775
13,000

tons/yr
tons/yr
tons/yr
tons/yr
tons/yr
tons/yr
tons/yr
tons/yr
tons/yr
tons/yr

265,000 tona/yr

Total output for 1983
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Bayer

Material
Safety
Data Sheet

Plastics and Rubber Division

MANUFACTURER IDENTIFICATION
Mobay Corporation
Plastics and Rubber Division
Mobay Road
Pittsburgh, PA 15205-9741

^

EMERGENCY TELEPHONE NUMBERS
Transportation Emergency Telephone Numbers
CHEMTREC: 800-424-9300
District of Columbia: 202-483-7616
NonTtansportation Emergency Telephone Number
412-923-1800
PRODUCT IDENTIFICATION
The family of Makrolon polycarbonate resins includes both Bisphenol A (BPA) polycarbonate homopolymer
and specialty copolymers based on BPA and other co-monomers. The copolymers may be manufactured
as speciality resin grades or as components in polymer blends. Depending on which grade is selected, the
resin may be either solid pellet or granular powder in form.
Base Resin (Homopolymer)
Chemical Family
Chemical Names
Chemical Composition
Molecular Weight

Polycarbonate
Bisphenol A Polycarbonate
Poly (Bisphenol A Carbonate)
Carbon / Hydrogen / Oxygen
M, 20,000 to 40,000
M. 8,000 to 15,000

Chemical Name (as product of constituent monomers)*:
Carbonic acid, polymer with 4,4'-(l-methyIethyIidene) bis [phenol]
Empirical formula: (CH,0,- CuHuOJ^; CAS No. 25037-45-0
Carbonic dichloride, polymer with 4,4'-(1-methylethylidene) bis [phenol]
Empirical formula: (C,jH„0j CCl,0)^; CAS No.: 25971-63-5
Speciality Resins (Copolymers)
Common Name; Bisphenol A / Tbtrabromobisphenol-A Copolycarbonate
Chemical Name (as product of constituent monomers)*:
Carbonic dichloride, polymer with 4,4'-(l-methylethylidene) bis (2,6-dibromophenoI) and
4,4Kl-methylethylidene) bis [phenol]
Empirical formula: (CCl,0-C,»Hi,Br«0,)^; CAS No.: 32844-27-2
*4s listed in ttia BRA TSCA Innntory ot Cfiemical Subsaneaa

2

Additives

Additives are incorporated to accentuate the physical and chemical properties of the base resin. These
additives include, among other specific component^,
following generic classes of compounds. Most
commercial and developmental (designated Makrolon polycarbonate Resin DPl-XXXX) products
contain one or more types of additives.
TYPE OF
ADDITIVE

TYPICAL
LEVELS

MAKROLON RESIN
DESIGNATION

FUNCTION

GENERIC IDENTITY

Thermal
Stabilizers

Inhibit
thermal
decomposition
and
discoloration

Organic phosphites
Organic phosphonites
Alkyl epoxides

Less than
0.10%

All products

Ultraviolet
Light
Stabilizers

Extend
outdoor
weathering
life

Substituted
benzotriazoles and
benzcphenones

Less than
0.6%

All grade numisers
ending in
3 or 7.

Impact
Modifiers

Extend
impact
strength

Elastomers
Polyethylene

Less than
6%

All four-digit
grade numbers
beginning with 7.

Reinforcing
Agents

Provide
rigidity
and
stability

Glass fibers

5 - 30%

All four-digit grade numbers
beginning with 8 or 9.
All three-digit grade
numbers beginning with SF.

Flame
Retardants

Improve
ignition
resistance

Poljrtetraflouroethylene, Organic
salts, Inorganic
salts

Less than
1%

All four-digit
grade numbers
beginning with 6 or 9
All SF grades.

Mold
Release
Agents

Enhance
processing

Aliphatic esters
Polyalkyl esters

Less than
0.7%

All four-digit
grade numbers ending with
5, 7, or 58 and Rx-2548

Blowing
Agents

Foam
molding

Tbtrazoles
Hydrazocarbozylates

5 - 15%

All SFC grades.

Colorants

Impart color

Dyes and Pigments
Less than
(See Colorants Section] 0.01%
IVansparenta.
Less than
3%
Opaques

Utknion 8030,&31& 1143 and HUS aaiiea polyearOootia products utSba spadaltf msina,
ratatdanca and malt stabiSty.

All four-digit color
numbers and SM Series
following the
grade number.

copofyrmts andpofytuticHonal cmsob, to Impart tiama

Colorants
Commercially available dyes and pigments based on titanium dioxide, carbon black, phthalocyanines,
cadmium (insoluble sulfide and sulfoselenides), lead salts, chromium (HI), silica (powder) and other
organic and inorganic compounds are used to formulate Makrolon polycarbonate resins. In the resin
form (pellets or granular powder), these colorants and/or additives are encapsulated in the polymer
resin matrix. Because they are encapsulated or bound in the resin matrix, they are not expected
to create any unusual hazards when handled and processed according to good manufacturing and
industrial hygiene practices and the guidelines provided in this publication (see Human Health Data
and Regulatory and Industry Standards sections).
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PHYSICAL PROPERTIES*
Appearance and Odor: Makrolon polycarbonategegin is an amorphous solid supplied in the form of
cylindrical pellets, averaging 2.5 mm in diameter and 3.2 mm in length or in a granular powder
form for selected resin grades. It has very little or no odor.
Specific Gravity:

1.1 - 1.4

Bulk Density (Unreinforced):
Pellets

38 - 42 Ibs/W

Resin Solubility;
Water (H^O)
Methylene Chloride (MeCU
Tfetrahydrofuran (THF)

Insoluble
Approx. 20% by wt.
Approx. 15% by wt.

Ignition Temperature (ASTM D 1929-Setchkin Method):
Flash Ignition
Self Ignition

840^ (449=0
lOTO'F (632®C)

Thermal Decomposition (Thermal Gravimetric Analysis in air):
Initial (Onset)
50% wt. Loss

788^ (420''C)
ase'F (480=0

Tfemperature (Other):
Glass Transition, % (amorphous)
Vicat Softening, ASTM D 1525
Injection Molding, Typical Range

284-302®F (140.150'C)
306-315^ (152-157»C)
550-650'F (288-343=0

Color Availability;
Natural

Transparent, translucent and
opaque depending on grade
In various grades
Transparent to opaque

Clear Tints
Saturated Colors
Odor:
Processing

Mild and not offensive to
most individuals

Other:
Vapor Pressure
Vapor Density
Boiling Point
Evaporation Bate

Not applicable

"^luessnovfn are repnseniatiye for general-purpose grades basad onmatarialtasud. 0^ can vary among samples. They are approximala and thus should
not ba inWpreted as manutocluring specifications.

REGULATORY AND INDUSTRY STANDARDS

——————————————

Toxic Substances Control Act (TSCA)

Commercially coded (J-coded) and Developmental (JA/J6-coded) Makrolon polycarbonate resin and
all other chemical substances incorporated into the resin (additives, fillers, colorants, and other
polymeric substances) are included in the TSCA INVENTORY OF CHEMICAL SUBSTANCES
compiled by the U.S. Environmental Protection Agency.
Non-commercial (non-coded) Makrolon polycarbonate resin and other chemical substances incorporated
into the resin (additives, fillers, colorants, and other polymeric substances) may not be included in
the TSCA inventory and may be subject to TSCA section 5 (hX3) limitations for research and develop
ment use only.
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Occupational Safety and Health Act — Hazard Communication Standard (OSHA-HCS)

Makjoion polycarbonate resin has been reviewed against the criteria of the OSHA-Hazard Communica
tion Standard 29 CFR 1910.1200. The prodilfc&^n their commercial form are not hazardous under
the criteria of the federal OSHA-HCS. However, thermal processing and decomposition fumes from
the products may be hazardous (see Human Health Data section).
All ingredients, colorants, and additives used in the preparation of Makrolon polycarbonate resins
have been reviewed against the NTP, I ARC and OSHA lists for carcinogens. With the exception of
certain cadmium compounds none of the ingredients, colorants or additives are contained on these
lists. Some Makrolon polycarbonate resin grades contain cadmium in the form of insoluble sulfides
and sulfoselenides which are chemically stable pigments. Cadmium and certain cadmium compounds
have been listed as suspected carcinogens on the NTP list and lARC Group 2B list. In those Makrolon
polycarbonate resins which are formulated with cadmium based pigments, the cadmium compounds
are encapsulated in the polymer resin matrix. Since they are confined to the matrix, no exposures
are anticipated when handled and processed according to good manufacturing and industrial hygiene
practices and the guidelines provided in this MSDS.
Exposure Limits

Makrolon polycarbonate resin pellets, granular powder or dust are not included in the OSHA
Permissible Exposure Limit (PEL) or ACGIH Threshold Limit Value (TLV) tables. However, both OSHA
and ACGIH have established exposure limits for Inert or Nuisance Dusts and Fibrous Glass Dusts
as follows.
15 mg/w? total dust
5 mg/nf respirable dust
10 mg/nf total dust
10 mg/nf" fibrous glass dust

OSHA PEL:
ACGIH TLV (1986 - 87):
Glass-Fiber-Reinforced Grades
Food and Drug Administration (FDA)

Specific grades of Makrolon polycarbonate resin comply with FDA regulation 21 CFR 177.1580
(Polycarbonate resins).
National Sanitation Foundation (NSF)

Several Makrolon polycarbonate resins are listed by NSF for Standard 51 "Plastic Materials and
Components Used in Food Equipment".
United States Pharmacopeia (USP)

Numerous Makrolon polycarbonate resins have passed USP XXI Class VI testing and several ncnUSP tests.
Underwriter's Laboratories Inc. (UL)

Various Makrolon polycarbonate resins have been tested and classified by UL for their Hammability
and other characteristics. Specific details on these UL classifications can be found on UL "yellow
cards".
Additional Information

Your Mobay representative can provide additional information on the above as well as other regulatory
and industry standards relating to your particular needs.
REACTIVITY, FIRE AND EXPLOSION DATA
Reactivity

Makrolon polycarbonate resin is a stable organic thermoplastic solid resin. Hazardous polymerization
will not occur.
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Flammability

Makrolon polycarbonate resin can bum if a large amount of energy sufficient to break the polymer
into segments is present. Ordinarily, a constant^utside flame source is needed to begin and continue
combustion. Fire prevention methods similarTO those employed with wood and other combustibles
are recommended. National Fire Protection Association (NFPA) ratings are: Health-0, Flammability-1,
Reactivity-0.
Extinguishing Media

Water, Water Fog, Dry Chemical, Foam, Carbon dioxide (CO,). Water is the best extinguishing medium.
C0% is not generally recommended because its lack of cooling capacity may permit re-ignition.
Firefighting

Full emergency equipment with self-contained breathing apparatus should be worn by firefighters.
During a fire, irritating and toxic gases and aerosols may be generated by thermal decomposition
and combustion (see Decomposition Products section).
Decomposition Products

The products of combustion are carbon monoxide (CO), carbon dioxide (CO,), bisphenol A, methane,
diphenyl carbonate and phenol derivatives. Some flame-retardant grades will .also evolve-trace
quantities of bromine compounds during combustion. Explosion

Because of their size, Makrolon polycarbonate resin pellets are not explosion hazards. However, dust
control devices must be used in regrinding, sawing and other "posfmolding operations and should
be periodically checked for proper maintenance.Sources of static build-up and all other ignition sources
should be removed. Regular cleaning practices and good ventilation can prevent build-up of potentially
explosive concentrations of dust. For additional guidelines, see NFPA 654 "Standard for the Prevention
of Dust Explosions in the Plastics Industry".
Makrolon polycarbonate resin in granular-powder form failed to explode in the following laboratory
explosivity screening tests:
1) Electric Spark Ignition: flame extended less than 2 inches.
2) Oven Ignition: no evidence of flame.
Nevertheless, since dry organic powder may form explosive mixtures with air given the right
conditions, it is considered prudent to do the following:
1) Vent storage bins, conv^ors, and dust collectors, etc.
2 ) Ground handling equipment and
3) Keep flame, sparks, and heat away from dusty areas.
ANIMAL TOXICITY
OraS

Polycarbonate resin has a very low oral toxicity. It has been administered orally in a single dose
of 6 g/kg to rats with no mortalities.
Skin Irritation

When polycarbonate resin (powder) was placed on the skin (intact and abraded) of a rabbit (24 hr.
exposure), only slight (minimal) irritation resulted.
Eye Irritation

When polycarbonate resin (powder) was placed in the eye of a rabbit, mild irritation occurred which
was consistent with abrasive action of the powder.
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Fume Inhalation

A '"Ibxic Evaluation of Thermoplastics Resins At and Above Processing Tfemperatures" was performed
and published* The study was designed to evalu^te^he sensory irritating potency of the fumes
generated by a variety of thermoplastic resins, polycarbonate resin being one, at a temperature range
of melt processing (injection molding, thermoforming, etc.) and at higher temperatures which may
occur on occasion due to malfunction of the equipment. Also acute lethality associated with exposures
to these fumes was evaluated.
The results of this study indicate that, depending on the nature of the polymers, the smoke emitted
at various temperatures has a wide difference in their sensory irritation properties.
All polycarbonates (Makrolon resin series) under normal processmg temperatures (280-340®C) released
very little smoke This smoke had low irritation properties. Even at temperatures above normal opera
tions (400''C) the RD50 • values indicated that the fumes released were of low irritation potency.
However, above this temperature, decomposition occurred rapidly and release of carbon monoxide
(CO) occurred resulting in acute lethality.
'Toxicity «B/uaf/on of thermoplastic msina ut and abov« processing tamperatiue. S.K. Sanghe, M. Matijek and Y. Alarie. Department a! Industrial
Errvironmental Health Sciences, Graduate Sctsoot at Public Health. University at PittsOurgh, PlttstMigh. Pannsytvenie,
AIHA Joumai (42),
July wai.
"ROss reflects the sample weight 0/ material that caused a SOtb deereese respiratory mte.

HUMAN HEALTH DATA

!

Primary Route(s) of Exposure

Eye contact with fines or processing fumes, skin contact with processing fumes, inhalation of processing
fumes.
Effects and Symptoms of Overexposure

Makrolon polycarbonate resin is a non-reactive solid polymer in pellet or granular powder form and
is not considered a hazardous material during normal storage, processing or use.
Exposure to Makrolon polycarbonate resin primarily comes by contact with the pellet or granular
material to the skin and/or eyes or by inhalation of the gases and fumes evolved during the thermal
processing of this material. Certain individuals may experience irritation of the eyes with symptoms
of swelling, tearing, and itching; irritation of the skin with symptoms of reddening, swelling and
a rash; and/or irritation of the respiratory tract with symptoms of coughing and a choking sensation
(see Animal Tbxicity — Fume Inhalation and Medical Conditions Aggravated by Exposure sections).
Note: Ai recommended processmg conditions, water, carbon dioxide (COj), diphenyicarbonate,
mcnochlorobenzene and phenol are the primary fume constituents evolved. These constituents are not
expected to be present at concentrations which would present an adverse health effect. However, at
temperatures above normal processing temperatures, carbon monoxide (CO) and other decomposition
products are released (see Reactivity, Fire and Explosion Data — Decomposition Products and Animal
Toxicity — Fume Inhalation sections).

Mechanical irritation (i^., scratches/abrasion) to the eyes or skin may occur due to exposure to fines
or processing fumes. The eyes may become red, feel scratchy and may tear. If it is a glass-fiber reinforced
grade of resin, the skin may feel itchy.
No chronic effects are known as a result of exposure to Makrolon resin.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE
Certain sensitive individuals and individuals with respiratory impairments may be affected by exposure
to specific components in the processing fumes. Such potential effects would primarily be related to the
principal exposure routes and result in irritation of eyes, nose, throat or skin (see Emergency and First
Aid Procedures section).
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EMERGENCY AND FIRST AID PROCEDURES
Individuals with specific sensitivities may exhibit eye, nose, throat or dermal irritation upon overexposure
to processing fumes.
^27
Eye Irritation

Flush eyes with plenty of lukewarm water. See a physician if irritation persists.
Skin Irritation

Wash affected areas with soap and water. See a physician if irritation persists.
Respiratory Irritation

Remove to fresh air. See a physician if any breathing difficulty persists.
Note: Severe thermal bums can resu/t from contact with molten resin. Emergency medical attention should
be obtained immediately.

EMPLOYEE PROTECTION RECOMMENDATIONS
Eye Protection

Safety glasses with side shields.
Skin Protection

None required in normal handling of the pellets or granular powder. When handling the hot resin
(extrudate, air shotsor parts) substantial, well insulated gloves are to be worn to prevent thermal bums.
Respiratory Protection

None required in normal handling of pellets. In handling of a resin powder or a resin that may be
reinforced with fiber glass, it may be necessary to wear a NIOSH/MSHA-approved dust respirator
if the airborne dust concentration is near or exceeds the nuisance dust exposure limits (see Exposure
Limits section).
Ventilation

Thermal processing equipment should be ventilated to control gases and fumes given off when the
resin is heated to extrusion or injection molding temperatures.
For most operations, a continuous supply of fresh air to the general workplace area along with the
continuous removal of processing fume contaminated air through a local exhaust ventilation system
will be adequate However, the ventilation requirements must be determined on an individual basis
for each workplace.
Note: Removal of the flammable processing fume deposits from exhaust hoods, ductwork and other
surfaces should be done periodically. Protective clotting to be worn during the cleaning operations should
include at a minimum, a face shield, safety glasses and rubber gloves.

Other; Safety showers and eye wash stations should be located so they are easily accessible when
needed. Education and training in the safe use, handling and processing of the resin is important.
Each workplace needs to be evaluated individually. Its specific conditions and hazards may require
precautions beyond good industrial hygiene practices and those specified in this material safety data
sheet.
SPILL OR LEAK PROCEDURES ^
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Remove mechanically by
sweeping, shoveling or vacuuming the resin and place into container for reuse or disposal. Do not reuse
if contaminated. Use caution when walking in areas where Makrolon polycarbonate resin (pellets or
powder/granules) has been spilled due to slipping hazard.
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CERCLA (SUPERFUND) REPORTABLE QUANTITY: Not applicable
WASTE DISPOSAL METHOD: Material may be incÎMgated or landfîlled in compliance with federal, state
and local environmental control regulations.
RCRA STATUS: Makrolon polycarbonate resin, pellets, powder granules, regrind, molded parts, extrusion
purge (goobers), etc., do not meet the RCRA criteria for a hazardous waste.
SPECIAL PRECAUTIONS AND STORAGE DATA
Packaging

Makrolon polycarbonate resin is packaged in standard unit weights.

Packaging Material
Multi-wall Bag
Plastic Bag
Corrugated Cardboard

Unit Weight
50 lb.
60 lb.
1,000 lb.

Configuration
40 bags/pallet
40 bags/pallet
1 gaylord/pallet

Bulk shipments are available in truck load and railcar quantities. The bulk density range of Makrolon
polycarbonate resin is 38-42 Ibs/fl'.
Storage
Makrolon polycarbonate resin will not degrade during storage. While heating and/or cooling is not
required, the resin should be stored indoors to protect it from rain or excessive moisture. At extended
temperatures above 200°F the pellets can become softened and may stick in clumps upon cooling.
Pallets should not be stacked more than three (3) high. Periodically check storage for vertical stabili
ty and/or container damage or fatigue.
Store resin in clean, dry environment, in sealed containers. Avoid storing flammable materials in
the resin storage area. If the resin is a food-grade resin, it should not be stored with or near any
toxic liquid or solid that may adulterate the resin. Makrolon polycarbonate resin must be dried before
processing. Drying instructions for desiccant dryers are contained on the labels.
SHIPPING DATA
The shipping data for Makrolon polycarbonate resin is listed below. As indicated in this information, these
products are not classified as hazardous materials.
D.OT. SHIPPING NAME
TECHNICAL SHIPPING
NAME
D.O.T. HAZARD CLASS
UN/NA NO
PRODUCT RQ
D.OT. LABELS
D.O.T. PLACARDS
FRT. CLASS BULK
FRT. CLASS PKG
PRODUCT LABEL

:

Not Applicable

;

Bisphenol A Polycarbonate
Non-Regulated
None
None
None
None
Plastic Materials, Pellets
Plastic Materials, O/T Exp., Pfellets
'

;
:
:
:
;
;
:

'The labels for the containers used in (fis packaging of Uakrolort polycaitonata resins contain ttm prottuet name, pmduet coda, color number for
the resin, tot narrtber, name and address at manu/actunr and ttte ChemOuc amet^ne/ phono numbec

APPROVALS
This Material Safety Data Sheet (MSDS) has been approved by the Product Safety Manager responsible
for the Plastics and Rubber Division. If there are any questions pertaining to the information contained
in this document or the need for additional information that may not be contained here, please contact
your Mobay representative.
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MAKROLON rcn-2'15»
Past-Cycllng-Grade Polycarbonate Resin
for FDA and USP Applications

DESCRIPTION

MAKROLON FCR-2458 is a polycarbonate resin
which combines high productivity with suitability
for food contact and mcdical devicc applications. 'ITie
resin complies with FDA regulations» and has been
classified aa a Class VI-121® plastic materia) under
United States Pharmacopeia (USP XXD. In addition.
FCR-2458 has passed USP phyaico-chcmical, blood
compatibility and cytotoxicity lests?
Therefore, MAKKOLON FCR-2458 polycarbonate
resin is suitable for injection molding into wet, dry
and fatty food contact applications and is suitable
for use in many medical device applications.
MAKROLON FCR-2458 is another entry in the FCR
family of fast-cycling polycarbonattycsins designed
for high flow and easy mold release, all with good
mechanical property retention. These features com
bined with FDA and USP suitability help to mnkc
FCR-2458 ideal for those regulated applications
where high productivity forms the basis for good
molding economic*. Although applicable to existing
tools, MAKROLON PCRr2'158 resin will permit use
of thinner wall sections and runner system* in new
tools and further enhance cycle time aavinga. This
resin is equally suitable for long flow length re
quirements where the flow length to-wall thick new
ratio may preclude the use of a sUmdard food grade
polycarbonate.
• Ttf bu» i—tn m naluntl color (cad» lOOO), usm to manutaaun KH-Ma,
compila» w'tn FDA /vyutef/on 3t Cfn 177.1S80 (f^tycartofiM msai). Att
aaàiiivtia uiod to temuima fCft-Xdsg pefysartKnat» «un wiAof comply wuh
cunwl FOA ngulationa, aro tatod. orhav» onn shoum to ho notvmgmerr.
Lining oceuts m tht FOA'* iSn "Pmoosat tor Ust ot Cotonms lot Plittiies"
»n^ nonmigrmlion wût atmm by Êppnprw» «it/iic/xM ttstmg leeonMg »
tha matt racwif (1370) FOA Exvactlan (UMoUnos tor indinct Fooa AMUvn
FCn-3438 OofycMrtmtma /win
Uo uSta tor »a 0)»fmm looactmutef
900lle»tlena atcapi ihoaa U vMeti lha lood la uotmoO in tha tood-comaci
«ItidM undar »«am pnaaura fiSOFf. auioelmirg conortk*»»;.

MAKROLON FCR-24G8 resin is available in pellet
form in colorless transparent, clear tint and a num
ber of colors. Aa with other MAKROLON P grade
polycarbonate resins for FDA applications, color
puasibilities are limited when food contact is
involved.
11. APPLICATIONS

MAKROLON FCR-2458 polycarbonate resin helps
lo meet the established need in the Foodservice
Industry for a high productivity resin for PDA
applications. Aa defined in the aforementioned FDA
regulations, applications would include use as
"articles or components of articles intended for use
in producing, manufacturing, packing, processing,
(preparing, treating, packaging, transporting or
holding food."
Three clear versions of MAKROLON FCR.245R
resin are listed by the National Sanitation Founda
tion (NSF) which are in compliance with their
Standard Na 5J, "Plastic Materials and Components
•Used in Food Equipment." The clear colors are
natural lOUU and clear tints 1002 and 1112.
MAKROLON FCR-2'158 clear tint 1112 polycartjonate resin, by parsing USP biological test procedures,
helps to meet the need for a tranaparcnt high
productivity resin for "Fabricating containers or
accessories thereto, for parenteral preparations" and
medical devices and other systems.
> Viii ftvvmWirjrt mrisian at tha UMaa Hljitat Pnamacooai* (USP XXI) canloins bioloçKaI laat procaaua) cUistgma "To lasl Ifio (ursMty ol piastre
mttaitau uuanana rot uso in labneaùng cantamaia or aeeosaohax tifmnia.
lor pitromtel praparationa, and m leat tfio suUâbKfy ol pofynm tot matSca!
USB in implants, anteos and otfwr syattma." Samp/at o! UAKPOLON
(•Ch-ltm tlHoolycarbonaia lam RCM passoa alt ot that» tiohgieai m*ta
ana, «ceonjngfy. wan daasmam • OtM W-t3I* pàaaac matanal. Tha USP
XXI alto contains ph/xieo cAomieef last tor plattiea. Samples a! UAKPOLÛN
FC/h34!8 1112 hm» also paaaad ttias» tasls. in adMion >o iha USP laatx
iwttoAps of AMK/iOrcw rCA-24Sa m3nant>»Mpaaa»aoioadcompBeb*tf
and cyracQiicify («as.

Limitations of MAKROLON FCR 2458 resin in
Uieae application areas are essentially the «amo aa
those for other FCR grades and its performance in
an application may need to be demonntrated by
oppropriato pro-market testing.
Advantages of MAKROLON FCR 2458 resin over
standard MAKROLON resin grades in FDA and
USP applications include faster cycle, longer flow
length versus wall thickness and the potential for
lower molded-in stresses.
ill. PROPERTIES

The physical propertie* of MAKROLON FCR-2458
resin, listed in tho tabic, are identical to its well,
established predecessor. MAKROLON FCR>2406
reain, and arc similar to standard injection molding
grades of polycarbonate.
IV. PROCESSING

MAKROLON FCR 2458 renin may be easily pro
cessed on commercially available injection molding
equipment suitable fur polycarbonate molding.
As with all polycarbonate résina, MAKROLON
FCR-2458 must be dried prior lo any processing.
Dehumidifying hopper dryer* with hopper inlet air
temperature of 121 ±3*0(250 ±8®F) and dew point
of -IS'C (0®P) are preferred. The hopper capacity
should be auiHeient to provide a minimum of 4 hours
residence time.
Barrel temperatures may be reduced up lo 25'C
(45 'F) below normal polycarbonate procnaning
conditions due to ease of cavity fill. Low viscosity
also means that lower primary and sccondnry injec
tion pressures may be uaed and that molded in atreas
will be lower. Lower melt température permit* the
use of shorter hold and cure times" The short
molding cycle is complemented by ease of part injec• tion at high part temperatures.
Additional information on general processing, pro
cedures and equipment may be obtained in the
"MAKROLON R}lycarbonate-A Processing Guide
for Injection Molding" or by contacting a local Mobay
technical representative.
V. HEALTH AND SAFETY INFORMATION

Appropriate literature has been assembled which
provides information concerning the health and
safety concerns that muai be <ibtierved when hand
ling Mobay products mentioned in thin publication.
Before working with any product mentioned in this
publication, you must read and bccome familiar with
the available information concerning its hazards,
proper use and handling. This cannot be overemphasized. Information is available in several forms,
i.c, material safety data sheets and product labels.
Consult your Mobay representative or contact the
Industrial Hygiene and Regulatory Compliance
Group of the Plastics and Rubber Division.
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APPENDIX C.

AVERAGE PROPERTIES OF GLASS FIBERS
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