XXVII.
A.

SHEET GASKETS
Product Description

Gaskets are materials used to seal one compartment of a device from
another in static applications.

Asbestos gaskets, used to seal and prevent

the leakage of fluids between solid non-moving surfaces, can be classified
into two categories: compressed sheet and beater-add.

Beater-add gaskets are

discussed under the Beater-Add Gaskets category.
Compressed sheet gaskets use longer fibers, are more dense, and have a
higher tensile strength than beater-add gaskets.

They are manufactured on a

special calender, known as a “sheeter”, in such a manner that the compound is
built up under high load, on one role of the “sheeter” to a specific thickness
(Union Carbide 1987).

Compressed sheet gaskets are used in heavy duty

applications where severe temperatures and pressures are likely to exist.
Different grades of asbestos sheet gasketing are available for different
temperature use limits, and the proportion of fiber to binder in the gasket
varies with the intended temperature use range.

Fiber content increases as

intended range of temperature use increases (Krusell and Cogley 1982).

Sheet

gaskets are suitable for use with steam, compressed air and other gases,
chemicals, fluids, and organic compounds to temperatures of 950°Fand pressure
to 1500 psi (A.W. Chesterton 1983).
Wire inserted asbestos sheet is also available for use in pipe flanges
that has slightly higher temperature and pressure limits (1000°Fand 2000 psi,
respectively).

General service asbestos sheet is usually recommended for

temperatures around 700°
F and can be used in superheated or saturated steam
service, or with weak acids and alkalies (A.W. Chesterton 1982).
Compressed asbestos gaskets are temperature and pressure dependent.
temperature increases their pressure capability decreases.

It is difficult,

therefore, togive exact pressure and temperature ranges, but Table 1
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As

illustrates the useful fluid temperature and fluid ranges for compressed
asbestos gasketing (Union Carbide 1987).
Asbestos sheet gaskets are used in exhaust systems and turbo chargers,
cylinder head and intake manifolds, and high load/high extrusion applications.
The most common sheet gaskets are used in engines, gear cases, and pipe
flanges 1
Asbestos is the primary constituent for making compressed sheet gaskets
(varying upwards from 75 percent by weight, depending on the application).
Elastomeric binders such as neoprene, silicone based rubber, natural rubber,
nitrile rubber, Teflon, or styrene-butadiene are used to ensure that gasketing
material remains intact.
B.

Producers of Sheet Gasketing

In 1985, five companies produced 2,848,308 square yards of compressed
sheet gasketing.

These companies consumed 4,041 tons of asbestos fiber (ICF

1986a).
In addition, a sixth company produced an estimated 759,000 square yards of
compressed asbestos sheet gasketing from 1400 tons of asbestos fiber.2

The

total estimated consumption for this category is, therefore, estimated to be
3,607,408 square yards of sheet gasketing from 5,441.1 tons of fiber.

Table 2

presents the production volume and fiber consumption for gaskets in 1985.
Known imports make up a small percentage of the total gaskets consumed in the
U.S.

There were 506.35 tons of sheet gasketing imported in 1985 (ICF l986a).

The asbestos compressed sheet gasketing market was estimated to be worth
1 Due to the wide variety of gasketing shapes, sizes, compositions, and
sheathing materials available, an all-inclusive list of fabricated products is
not available.
2 Based on the methodology for allocating consumption to survey
non-respondents in Appendix A.
-
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Table 1. Fluid and Pressure Ranges for
Compressed Asbestos Sheet Gasketing Material

Temperature and Pressure

750-1000°F, Vacuum

- -

1500 psi

Producta

Premium Compressed Asbestos Sheet

250-750°F, Atmos

- -

1500 psi

Service Compressed Asbestos Sheet

-70-250°F,Atmos

- -

1500 psi

Economy Compressed Asbestos Sheet

apremium indicates the highest grade of compressed asbestos sheet,
usually wire inserted. Service indicates general use compressed
asbestos sheet and economy is the lowest grade of asbestos sheet
available.
Source:

Union Carbide 1987.
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Table 2.

Total

Production of Asbestos Sheet Gasketing and
Asbestos Fiber Consumption

1985 Fiber
Consumption
(short tons)

1985 Production
(sq. yd.)

5,441.1

3,607,408.0
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$20.5 million

in 1985, based on an average price

of $5.69 per square yard (ICF

l986a).
C.

Trends

Between 1981 and 1985, two manufacturers of compressed asbestos sheet
gasketing, Jenkins Brothers (Bridgeport, CT) and Manville Sales Corporation
(Manville, NJ and Waukegan, IL) discontinued their operations.

During those

four years, total production fell 44 percent from 6,472,879 square yards to
3,607,408 square yards (see Table 2).

Currently, non-asbestos gaskets hold

less than 50 percent of the gasket market, but as concerns about asbestos and
its health effects grow, the use of asbestos in compressed sheet gaskets is
expected to decline (ICF l986a).
D.

Substitutes

Asbestos has been used in sheet gaskets because it is chemically inert,
nearly indestructible and can be processed into fiber.

Asbestos fibers

partially adsorb the binder with which they are mixed during processing; they
then intertwine within it and become the strengthening matrix of the product.
Since the product contains as much as 80 percent asbestos fiber, manufacturers
are also employing it as a filler.

The balance of the product is the binder

which holds the asbestos in the matrix (Kirk-Othmer 1981).
A single substitute for asbestos is not available.

Manufacturers have,

therefore, been forced to replace the asbestos fiber with a combination of
substitute materials.

The formulations of the substitute products most often

include a combination of more than one type of substitute fiber and more than
one filler in order to reproduce the properties of asbestos necessary for that
application.

Formulation of substitute products is done on an

application-by-application basis by each manufacturer (ICF 1986a).

For the

purposes of this analysis, the substitute products will be grouped into six
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major categories according to the type of non-asbestos substitute used (Table
3 presents properties of the substitute fibers):
a
a

•
•
•

aramid mixtures,
fibrous glass mixtures,
graphite mixtures,
cellulose mixtures, and
PTFE mixtures (ICF l986a, Palmetto Packing 1986).

The current market share of the different substitute formulations is
estimated to be as indicated in Table 4.

Industry experts have indicated that

asbestos sheet gaskets account for approximately 50 to 60 percent of the
current market.

It is evident, however, from the survey that the market share

of asbestos free sheet gaskets is increasing rapidly, as companies replace
asbestos in some applications.

One obstacle to complete replacement of

asbestos gaskets by substitute products is
that stipulate the use of asbestos gaskets.
specifications.

military contract specifications
This includes aerospace and Naval

A 100 percent asbestos-free market is impossible to achieve

if military specifications continue to require asbestos products.3
1.

Arainid Mixtures

Aramid fiber products are produced by numerous companies from DuPont’s
Kevlar(R) and Nomex(R) fibers.

Kevlar(R) and Nomex(R) were introduced in late

1980 to act as reinforcing fibers in asbestos free gaskets and other
materials.

They are highly heat resistant and strong (ten times stronger than

steel, by weight).
by weight.

They are about twenty times more expensive than asbestos,

Because it is less dense and stronger, however, less is needed for

reinforcement purposes.

At high temperatures (above 800°F),the fiber

physically degrades, but it is very strong and can withstand very high
pressure up to the temperature limit (A.W. Chesterton 1983).

~ Department of Defense branches seem willing to follow EPA requirements
and reconunendations for new equipment, but for existing equipment,
revalidation with a new gasketing material would be very costly (DOD 1986).
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Not as resilient as asbestos.
Deforms under heavy loads.

Inccmipatible with sone
binders.
No test data.

Inexpensive.
Good carrier web.

Low friction.
Chemical resistant.
FDA approved to contact food
and medical equipnent.

High temperature limit.
Flexible.

Cellulose

PTFE

Ceramic

Secret Filler.

Used primarily in the chemical
industry.

Useful for low temperature
applications only.

Fastest growing substitute
in the auto market in high
temperature seals.

Expensive
Brittle.
Frays.

Heat resistant to 5000’F.
Chemical resistant.
Light weight.

Graphite

Not heat resistant.
Useful to 350’F.
Not chemically resistant.

Often used in the auto
industry.

More expensive than
asbestos.

Good tensile properties.
Chemical resistant.

Remarks

Fibrous Glass

Disadvantages

Hard to cut.
Wears out cutting dyes quickly.
80O~F temperature limit.

Advantages

Very strong.
Year resistant.
High tensile strength.

-

Substitutes for Asbestos Sheet Gasketing

Aramid

Product

Table 3.

ICF 1986a

ICF 1986a,
Palmetto Packing 1986 a

ICF 1986a, ICF 1985,
Mach. Des., July 10, 1986

ICF 1986a, ICF 1985,
Mach. Des., July 10, 1986

ICF 1986a, ICF 1985,
Mach. Des., July 10, 1986

ICF 1986a, ICF 1985,
Mach. Des., July 10, 1986

References

Table 4.

Estimated Market Shares for Substitute Fibers
Replacing Compressed Asbestos Sheet

Estimated
Market Share

Reference

Aramid

30

Palmetto Packing 1986

Glass Fiber

25

Palmetto Packing 1986

Graphite

15

Union Carbide 1987

Ceramic

5

Substitute Fiber

ICF l986a

Cellulose

15

Palmetto Packing 1986

PTFE

10

ICF l986a
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Aramid gaskets are usually composed of 20 percent aramid fiber, by weight,
and 60 to 65 percent fibers and fillers such as silica and clay.

The

remaining 20 to 25 percent is the binder which keeps the fibers in a matrix.
Typical applications include off-highway equipment, diesel engines, and
compressors.

These applications require a very strong gasketing material that

will withstand moderate temperatures (A.W. Chesterton 1982).
Aramid gaskets as a substitute for asbestos sheet gaskets are used because
of the fiber’s strength and high temperature resistance.
include mineral fillers and elastomeric binders.

Formulations also

Aramid product costs 1.7

times as much as the asbestos product for some applications, resulting in
gaskets that cost $9.72 per square yard.
Industry officials project 30 percent of the total asbestos market will be
captured by this substitute (ICF l986a, Palmetto Packing 1986).
2.

Fibrous Glass Mixtures

Fibrous glass is generally coated with a binder such as neoprene, TFE,
or graphite in the manufacturing process to make gaskets.

Glass fibers are

relatively easy to handle and reduce the costs of product formulation.
Fibrous glass gaskets are usually divided into two groups, “E” glass gaskets,
and “S” glass gaskets, depending upon the type of glass fiber used in the
formulation.

“E”, glass

is one of the more common glass fibers, and is

occasionally manufactured into a gasketing which is used as a jacket around a
plastic core of carbon or aramid fibers and other materials (OGJ 1986).
“E” glass gaskets are suitable for general service applications where the
operating temperature is below 1000°F. Above this temperature, the gasketing
loses 50 percent of its tensile strength.

The materials can be used with most

fluids except strong acids and alkalies (A.W. Chesterton 1982).
The second type of glass fiber, “S” glass, was developed by NASA and is
recognized as the superior glass fiber in use today (OGJ 1986).
-9-
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This material

is occasional,ly

used as a jacket around a core of graphite and other fibers.

The sheet gasketing
operating

is caustic

resistant

and can be used in applications

with

temperatures that reach 1500°F. (OGJ 1986).

Industry representatives project that glass gaskets will capture 25
percent of the total asbestos sheet gasketing market.

They estimate that the

glass material will cost twice as much as the asbestos material.

Thus, the

price will be $11.38 per square yard (Palmetto Packing 1986, ICF 1986a).
3.

Graphite Mixtures

Flexible graphite, developed by Union Carbide Corp. is made from
natural flake graphite, which is expanded several hundred times into a light,
fluffy material by mixing it with nitric or sulfuric acid.

It is then

calendered into a sheet (without additives or binders) (Chem. Eng. News 1986).
In addition, graphite based materials can be formed by removing all of the
elements except carbon from polyacrylnitrile polymers or viscose rayon
(Kirk-Othmer 1981).
These materials are extremely heat resistant and inherently fire-safe.
Graphite gaskets are suitable for applications where the operating
temperatures reach 5000°F. in non-oxidizing atmospheres.

In the presence of

oxygen, the material is limited to use below 800°F. (Chem. Eng. News 1986).
The gasketing has excellent chemical resistance with the exception of strong
mineral acids.

Graphite packings can be used in most applications up to 1500

psi and unlike asbestos sheet gasketing do not show as great a
temperature/pressure dependence4 (Union Carbide 1987).
Graphite material is often used in oil refinery and oil field applications
(e.g., oil-well drilling equipment) because of its high temperature

~ Flexible graphite temperature limits are independent of gasket
compressive load and therefore fluid pressure, whereas all compressed asbestos
gaskets are temperature and pressure dependent.
-
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resistance.

A wire insert is often added for increased strength in these high

temperature, high pressure applications (OGJ 1986).
Graphite is an expensive material, but the addition of various fillers
helps keep the cost competitive with other substitute materials (Palmetto
Packing 1986).

The cost of replacement gaskets made from graphite are

approximately two times that of the asbestos gaskets they will replace based
on fiber requirements and processing costs (Union Carbide 1987).
the substitute material is, therefore, $11.38 per square yard.

The price of
Industry

officials project this substitute’s market share to be 15 percent of the total
asbestos gasketing market (Palmetto Packing 1986, Union Carbide 1987, ICF
l986a).
4.

Cellulose Fiber Mixtures

Cellulose fibers are generally milled from unused or recycled
newsprint or vegetable fiber in the presence of additives which ease grinding
and prevent fires during processing.
Manufacturers of sheet gaskets that contain cellulose fiber consider their
specific formulations proprietary.

These producers, however, indicate that

these fibers are generally used with a combination of clay and mineral
thickeners.

The gaskets made from cellulose products have a content of

between 20 and 25 percent cellulose fiber and 50 to 55 percent fillers and
thickeners.

The remaining 25 percent is usually an elastomeric binder (ICF

1986a).
Traditionally, cellulose fiber gaskets are only used at low pressure (<250
psi) and methods to reinforce the fibers, however, increase their use limits,
resulting in excellent crush resistance, excellent dimensional stability, and
good sealability below 350°F. Cellulose gaskets can substitute for asbestos
sheet gaskets in low temperature applications such as with oil, gas, organic
solvents, fuels, and low pressure steam (Union Carbide 1987).
-
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Reinforced cellulose based gaskets have increased in popularity in the
past few years.

These gaskets can duplicate all asbestos performance

parameters, except high temperature resistance.

Although they can be used at

a maximum continuous operating temperature of 350°F, their life is
substantially shortened in temperatures over 95°F. Despite this,
manufacturers indicate that the service life of these asbestos free gaskets is
the same as for asbestos gaskets (Carborundum 1986).
Cellulose fiber formulations in combination with clay and mineral
thickeners are estimated to capture 15 percent of the sheet gasketing market
in the event of an asbestos ban.

Prices would be expected to rise 20 percent

to $6.83 per square yard due to increased material and production costs (ICF
1986a).
5.

PTFE

PTFE fibers offer chemical resistance to all but the most powerful
oxidizing agents, acids, and alkalies in temperatures ranging from -450°Fto
500°F(Chem Eng. News 1986).

This material has good dielectric strength and

impact resistance.
PTFE can be used in specialized applications because it has been approved
by the FDA for contact with food and in medical equipment.

In addition, it

does not stain the fluid with which it has contact (Krusell and Cogley 1982).
PTFE, and PTFE and graphite mixtures can be formulated into gasketing
material easily, reducing the price of the gasketing that would otherwise be
quite high (PTFE is twenty times as expensive as asbestos).

The final

product, however, is only 3.5 times as expensive as the asbestos product.
PTFE gasketing is, therefore, $19.91 per square yard.

Industry officials

indicated that PTFE gaskets will capture 10 percent of the total asbestos
-

market in the case of an asbestos ban (Palmetto Packing 1986, ICF l986a).

-
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6.

Ceramic Fiber Mixtures

Ceramic fibers, composed of alumina-silica blends are used in the
manufacture of gasketing material to replace compressed asbestos sheet,
although their performance has not been outstanding (Union Carbide 1987).
These fibers impart high temperature resistance to gaskets made from them, but
little information is available on the performance characteristics of these
materials.

Costs are expected to be the same as for other ceramic based

products that can replace asbestos products (two times as expensive), but it
is unlikely that ceramic products will occupy more than five percent of the
market in the event of an asbestos ban (ICF estimate).
E.

Summary

It appears that substitutes for asbestos containing sheet gaskets
currently exist.

However, these products cost more to produce and may not

perform as well.

Substitute fiber formulations include aramid, glass,

graphite, cellulose, PTFE, and ceramic fibers.

The substitute materials are a

combination of fibers and fillers designed on an application-by-application
basis.

The substitute materials are classified by the fiber with the highest

content.
The estimation of market shares and prices of the substitute formulations
in the event of an asbestos ban and the data inputs for the Asbestos
Regulatory Cost Model are presented in Table 5.

-
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N/A

N/A

N/A

N/A

Graphite

Cellulose

PTFE

Ceramic

Not Applicable .

N/A

Fibrous Glass

N/A:

N/A

3,607,408 sq. yds.

Asbestos Gasketing

Aremid

Output

Product

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

1.07

Consumption
Production
Ratio

$11.38

$19.91

$6.83

$11.38

$11.38

$9.72

$5.69

Price
(sq. yd.)

5 years

5 years

5 years

$11.38

$19.91

$6.83

$11.38

$11.38

5 years

5 years

$9.72

$5.69

Equivalent
Price
(sq. yd.)

5 years

5 years

Useful
Life

Data Inputs for-Asbestos Regulatory Cost Model
Sheet Gasketing

N/A

N/A

N/A

N/A

0.00151 tons/ton

Product Asbestos
Coefficient

Table 5.

5%

10%

15%

15%

25%

30%

N/A

Market
Share

ICF 1986a, Carborundum 1986

ICF 1986a, Palmetto Packing 1986a

ICF 1986a, Palmetto Packing 1986a

ICF 1986a, Palmetto Packing 1986a

ICF 1986a, Palmetto Packing 1986a

ICF 1986a, Palmetto Packing 1986a

ICF 1986a
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XXVIII.
A.

ASBESTOS PACKINGS
Product Description

The term packings is generally assigned to the subset of packings that are
designated~asdynamic (static packings are gaskets).

These dynamic or

mechanical packings are used to seal fluids in devices where motion is
necessary.

Examples where these packings have traditionally been used are in

pumps, valves, compressors, mixers, and hydraulic (piston-type) cylinders
(Kirk-Othmer 1981).

Within the mechanical packing segment there are various

types of packings (e.g., compression, automatic, and floating packings), but
only compression packings are or have been made using asbestos fibers (FSA
1983).
Asbestos-containing compression packings can be formed into various shapes
for different uses as illustrated in Figure 1.

The simplest form of

compression packings (hence forward packings) is of the loose bulk type.

Bulk

formulations consist of blends of loose fibers and dry lubricants that are
bound with a liquid or wax binder.

These simple packings have only limited

applications (e.g., packings for injection guns) and are not considered in the
remainder of this report.

Fiber mixtures are more often extruded with a

binder and lubricant and used as a core in packings that have a braided yarn
jacket that imparts greater durability to the packing (Kirk-Othmer 1981).
The braided variety of packings are the most prevalent and all of the
well-known packing manufacturers produce them by similar methods of
construction.

Asbestos packings are braided of strong, highest quality pure

asbestos yarn.

In addition, they may be constructed using an Inconel(R) or

other wire insert around a resilient asbestos core impregnated with graphite.
They are lubricated throughout and surfaced with anti-frictional dry lubricant
graphite (EPRI 1982).

The simplest form of braided packing is the square

braided variety that utilizes asbestos yarns of the six grades defined
-1-

Bulk
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(over core)
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W formed

Interlocking braid
Round braid

(three jackets over core)

Figure 1.
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Packings.

(Scxirc~: Kirk—Ottmer

1981).

according to ASTM D 299, the standard for such materials.
listed in Table 1 (ASTM 1982).

These grades are

The dimensions of the packing are controlled

by the size and number of yarns selected (Kirk-Othmer 1981).
Another type of braided packing, braid-over-braid packing, consists of
individually braided jackets layered over a core.

These packings use

wire-inserted yarns that offer greater strength to the packing material.
Rolled compression packings are constructed of woven cloth that is coated with
a rubber binder and then cut in strips along the bias to impart maximum cloth
stretch during forming.

The rubber-saturated strips are wound around a soft

rubber core and then formed into the desired final shape.

The final cutting,

forming, and compression operations for all packing types are usually
performed by secondary processors (FSA l983).1
All of the packing formation processes have some characteristics in
common.

First, impregnation of dry asbestos yarn with a lubricant.

After

lubricant impregnation, the yarns are braided into a continuous length of
packing which in turn is calendered to a specific size and cross-sectional
shape.

The formed product may then be coated with more lubricant or another

material.

At this stage packings can be packaged and sold for maintenance

operations or they can be further processed by pressing into the required
shape (GCA 1980).
Finally, packings can be die-formed directly into solid rings to
facilitate handling and installation.

The packings that have been formed into

a designated shape are referred to as plastic packings (Kirk-Othmer 1981).
The uses and applications of asbestos packings are quite varied, but some
of the major areas in which asbestos-containing packing materials have been
1 Secondary processing usually occurs at the facility where the gaskets
will be used and consists of cutting and compressing the packings as they are
needed to replace worn packings already in service in various pumps, valves,
etc.
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Table 1.

Standards

of Asbestos Yarns Used in Asbestos Packings

Asbestos Content
(percent)

Grade

Commercial

75-80

Underwriters’

80-85

A

85-90

AA

90-95

AAA

95-99

AAAA

99-100

Source:

ASTM 1982.
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used are valves and pumps employed in the electric power, petroleum refinery,
petrochemical, chemical, nuclear power, and pulp and paper industries (Union
Carbide 1987).

Depending on the scale of these operations, asbestos packings

of various shapes and sizes are required.

As described earlier, the design of

a packing is to control the amount of leakage of fluid at shafts, rods or
valve systems and other functional parts or equipment requiring containment of
liquids or gases.

Packings are used in rotary, centrifugal, and reciprocating

pumps, valves, expansion joints, soot blowers, and many other types of
mechanical equipment (FSA 1983).

Figures 2 and 3 illustrate the design of a

typical pump with a packing set and the configuration of a packing,
respectively.
Depending on the conditions of use, various types of asbestos packings are
used.

The temperature and pressure of the system in which the packing is used

determine the style of packing that is used and the type of additional
constituents incorporated in the packing (e.g., other fibers, binders,
fillers).

Other factors that affect the composition and configuration of the

packing system include:

the rotation speed of the valve or pump member, the

type of fluid being contained (i.e., caustic, acid, alcohol, petrochemical),
and the amount of time between scheduled maintenance operations (FSA 1983).
Table 2 identifies the different packing types traditionally made from
asbestos fibers, their service areas, and the conditions under which typical
operations are performed.2
Asbestos is used in packings because of its unique combination of heat and
chemical resistance as well as its low price.

The important attributes of

asbestos fiber for this application are the following:

2 It should be noted that packings can be used in varying applications
and are not strictly limited to certain operating conditions. Table 2 gives
likely use areas and conditions, but these are not limiting designations.
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Table 2.

Operating Conditions and Use Areas for
Various Braided Packing Types

Operating

Packing Type

Square Braid

Advantages

Conditions*

Use Area

Wide spectrum
sealing ability

High-speed
rotation
Low pressure
<600 psi

Pumps and valves
of all types

Braid-Over-Braid

Better sealing
than conventional
square braid

Slow-speed
rotation
High pressure
>600 psi
Hot liquids

Valve stems, expansion joints

Braid-Over-Core

Better shaft
sealing
More resilient
Variations in
density

High pressure
Steam applications
Low-speed rotation

Nuclear powerplants, when congealing or
crystalizing
liquids are present, turbines and
values in powerplants

General service
High temperature/
pressure

Reciprocating and
centrifugal pumps,
agitators, valves,
expansion joints

~

Interlocking Braid Denser and more
stable

Source:
NOTE:

FSA 1983, A.W. Chesterton 1982, Klein 1987.
General service temperature for all types of braided packings are in
the range of 500°Falthough depending on the use conditions, asbestos
packings can withstand temperatures between 1200-1500°F.
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•

heat resistance to prevent thermal decomposition of the
packing due to elevated shaft speeds and high temperature
fluids;

a

chemical

resistance to prevent deterioration of the packing
due to contact with caustic and potentially explosive
fluids;

•

durability

to provide long lasting control of fluid flow;

and,
•
B.

low cost (ICF l986a).

Producers and Importers of Asbestos Packing

Table 3 lists the fiber consumption and quantity of packings produced in
1985.

(Raymark Corporation refused to provide production and fiber

consumption data for 1985, but was a producer in 1981 and so was assumed to
have continued production of asbestos packing.)

The values for domestic

asbestos fiber consumption in the production of asbestos packings and the
total amount of asbestos packings produced have been changed to account for
the output of Raymark Corporation using the methodology described in
Appendix A to this RIA.

The adjusted values are 2.1 tons and 3 tons for fiber

consumption and packings production, respectively (ICF 1986a).
The secondary processors of asbestos packings in 1983 include:

FMC

Corporation in Houston, Texas and WKM Division of ACF Industries, Inc. in
Missouri City, Texas.

While WKM Division imported its asbestos mixture, FMC

Corporation used domestic supplies in 1985.

These companies received packings

and further processed them in order to meet specifications of their customers
(ICF l986a).
C.

Trends

Three manufacturers, Johns-Manville Corporation (now Manville Sales
Corporation) in Manville, New Jersey, Rockwell International in Pittsburgh,
Pennsylvania, and John-Crane Houdaille (now Crane Packing) in Morton Grove,
Illionois, ceased production of asbestos packings between 1981 and 1985.

-9-

Table 3.

Production of Asbestos Packing and
Asbestos Fiber Consumption

1985 Asbestos
Fiber Consumption
Total

2.1 tons

1985 Production
of Asbestos Packings

3 tons

Values for fiber consumption and packing production for Raymark
Corporation have been estimated based on the methodology for
non-respondents described in Appendix A to this RIA.
Sources:

ICF l986a.

—
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During this time period, estimated domestic production declined 99.7 percent,

from 952.34 to 3 short tons and fiber consumption declined 99.8 percent, from
877.54 to 2.1 short tons (ICF l986a, ICF 1985, TSCA 1982).
In 1986, Durametallic Corporation, which accounted for two-third of the
total output for asbestos packings in 1985, ceased processing because of
costly insurance premiums and the possibility of regulatory action
(ICF 1986a).
D.

Substitutes

Asbestos-containing packings, the large majority of which are based on
various compositions and configurations of braided yarn, have dominated the
market until very recently.

A typical high performance braided asbestos

packing includes an alloy wire reinforcement, various lubricants, a zinc
powder corrosion inhibitor, and a graphite powder lubricant coating on the
yarn itself (Union Carbide 1987).

In addition, these packings may contain

various binders (e.g., elastomers or resins), fillers (e.g., mica, clay, or
asbestos) and dry lubricants (Monsanto 1987).
Asbestos fibers have been used to make the braided jackets for packings
because of the favorable qualities that asbestos imparts to products made from
it.

Asbestos-containing packings are ideally suited for high temperature and

pressure, as well as corrosive environments.

Braided asbestos packings show

good acid/fire resistance, low thermal conductivity, and molten metal
resistance.

Asbestos also withstands fairly high pressures (up to 4500 psi at

room temperature) and exhibits good tensile strength and abrasion resistance
(Klein 1987).

Another property of asbestos packings that has made them a

standard in the packing industry is their good compressibility and recovery
(EPRI 1982).
The packing industry has been unable to find a single substitute for
asbestos that can reproduce its numerous qualities.
-
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Hence, manufacturers have

been forced to replace the asbestos fiber with a combination of substitute
materials,

including

The formulations

cellulose,

aramid,

of the substitute

PBI, PTFE, glass,

and graphite

products most often include

fibers.

a combination

of more than one type of substitute fiber and fillers in order to reproduce
the properties of asbestos necessary for a particular application.
Formulation of substitute products is done on an application-byapplication basis by each manufacturer (ICF l986a) and for the purposes of
this analysis, substitute products will be classified according to the fiber
with the largest percentage in content.

The substitute products can be

grouped into six major categories according to the type of non-asbestos
substitute used:3
a

Aramid fiber mixtures,

•

Glass fiber mixtures,

a

PBI fiber mixtures,

•

PTFE mixtures,

•

Graphite mixtures, and

•

Other fiber mixtures including cellulose, phosphate, and
ceramic (ICF l986a, Palmetto Packing 1986, Monsanto 1987).

The current market share for the different substitute formulations has been
estimated as indicated in Table 4.
1.

Aramid Mixture

Aramid fibers act as a reinforcing fiber in asbestos free packings and
other materials.

They are not as heat resistant as asbestos (500°F), but are

quite strong and flexible amd can withstand mild acids and alkalies (A.W.
Chesterton 1982).

Kevlar(R) and Nomex(R) produced by DuPont Corporation are

The grade or the fiber and style of the packing used (e.g., square
braid, braid-over-braid) determine the pressure rating for all applications.
Any substitute fiber can be formulated into a packing that will meet most
pressure requirements, but temperature and chemical limitations may dictate
the selection of a partic~.dar fiber for a particular application.
-
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about twenty times more expensive than asbestos, by weight, but because they
are less dense and stronger, less is needed for reinforcement purposes.

At

higher temperatures, the fibers physically degrade and thus are not good
replacements for asbestos products for high temperature applications.
Aramid packings are usually 20 percent aramid fiber, by weight, and 60 to
65 percent filler, while the remaining 20 to 25 percent is binder to keep the
fibers in a matrix.

Typical applications for valves and pumps require a very

strong packing material that will withstand moderate temperatures and
pressures without deteriorating.
Raymark Corporation, in Stratford, CT, was the only asbestos packing
manufacturer to cite aramid packings as a substitute for asbestos products.
They can be used for general service in most plants (A.W. Chesterton 1983).
Aramid-based products are likely to be 1.5 to 3 times as expensive as the
asbestos products they replace, therefore aramid packings cost between $45.30
and $90.60 per pound.

The price increase is due to production and material

cost increases (ICF l986a).
There are no performance disadvantages due to the dilution of the aramid
fiber with mineral fillers and this helps to reduce the price of packings.
The service life is estimated to be the same as the life of the asbestos
product.

Industry estimates indicate that aramid products will capture 20

percent of the total packings market.

The average price for an aramid-based

packing is estimated to be $67.95 per pound

(ICF l986a, Palmetto Packing

1986).
2.

Fibrous Glass Mixtures

Fibrous glass is generally coated with a binder such as neoprene, TFE,
or graphite in the manufacturing process to make packings.

Glass fibers are

relatively easy to process into packing materials and are used extensively in
packing materials.
-
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Table 4.

Estimated Market Share for Substitute Fibers
that can Replace Existing Asbestos Products
in Compression Packings

Market Share
(percent)

Reference

Glass

30

Palmetto Packing 1986

Graphite

10

Union Carbide 1987

Aramids

30

ICF 1986a

PBI

15

ICF 1986a

PTFE

15

Union Carbide 1987

Substitute Fiber

NOTE:

The market shares indicated are estimates based on
communications with industry representatives and are
likely to change over time. For example, the share
of graphite products is likely to increase over the
next five years. New products (e.g., phosphate based
fibers) are likely to penetrate the market to a
certain extent (Monsanto 1987).

-
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Fibrous glass packings are usually divided into two groups, “E” glass
packings, and “S” glass packings, depending upon the type of glass fiber used
in the formulation.

“E” glass

is one of the more common glass fibers, and is

often manufactured into a packing which is used as a jacket around a plastic
core of carbon or aramid fibers, and other materials (OGJ 1986).
“E” glass packings are suitable for applications where the operating
temperature is below 1000°F. Above this temperature, the packing loses 50
percent of its tensile strength.

Also, the material can be used with most

fluids except strong caustics.
The second type of fiber, ~

glass, was developed by NASA and is

recognized as the superior glass fiber in use today (OGJ 1986).

This material

is generally used as a jacket around a core of graphite and other fibers.

The

packing is caustic resistant and can be used in applications with operating
temperatures of 1500°F(OGJ 1986).
One disadvantage of glass packings is the abrasive nature of the material.
In high shaft-speed applications, the abrasiveness of glass wears down the
shaft stem requiring frequent replacement of the stem.

Glass packings will

capture 30 percent of the total asbestos packing market and will cost twice as
much as the asbestos material.

Thus, the price will be $60.40 per pound

(Palmetto Packing, ICF 1986a).
John Crane-Houdaille, previously one of the major producers of asbestos
packings, offers an “S”-glass yarn packing replacement that it claims is
better than the asbestos packings it replaces.

It has a higher temperature

limit, good service life in caustics, steam, oil, liquid petroleum, and
chemicals, a high pressure limit of 7700 psi and will not score valve stems or
other pieces of equipment in which it is used (John-Crane 1987).
3.

PBI Mixtures

PBI (polybenzimidazole) is produced by Celanese Engineering.
15
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It has a

useful

temperature

resistance.

It

limit

of approximately

1000°F and has high chemical

is designed to be used in high temperature,

high pressure

applications, and it is easy to work with because it can be formed into rings
with little difficulty.

The non-asbestos packing costs approximately three

times as much as the asbestos product, making the cost about $90.60 per pound
(ICF l986a).

The service life is the same as the asbestos product.

The non-asbestos product has poorer wettability (is less porous), but this
problem can be compensated for in the design of the application.

FBI packings

will capture 15 percent of the total asbestos packing market with a price of
$90.60 per pound (ICF l986a).
4.

PTFE Fibers

Many forms of polytetrafluoroethylene fibers (PTFE) are used as
substitutes for asbestos in packings, but the most popular is Dupont’s
Teflon(R) (Palmetto Packing 1986).

PTFE offers chemical resistance to all but

the most powerful oxidizing agents, acids, and alkalies in temperatures
ranging from -450°Fto 500°F(Chem. Eng. News 1986).

This material has good

dielectric strength and impact resistance.
PTFE can be used in specialized applications because it has been approved
by the FDA for contact with food and in medical equipment.

In addition, it

does not Stain the fluid with which it has contact (Krusell and Cogley 1982)
which makes it ideal for use in paper mill applications (A.W. Chesterton
1982).
Palmetto Packing representatives cited PTFE, and PTFE and graphite
mixtures as materials they manufacture into packing.

PTFE fibers are twenty

times as expensive as asbestos, but ease of handling and durability make the
product only 3.5 times as expensive as the asbestos product.
material, therefore, costs $105.70 per pound (ICF l986a).

PTFE packing

Industry officials

indicate that PTFE packings will capture 15 percent of the total asbestos
-
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market in the case of an asbestos ban (Palmetto Packing 1986, ICF l986a).
5.

Graphite

Flexible graphite was developed by Union Carbide Corp. about twenty
years ago.

The material is made from natural flake graphite, which is

expanded several hundred times into a light, fluffy material by mixing it with
nitric or sulfuric acid.

It is then calendered into a sheet (without

additives or binders) (Chem. Eng. News 1986).
packings by standard techniques.

It can then be processed into

Other forms of graphite are also available

(e.g., carbonized viscose rayon and other fibrous graphite materials) that
have similar properties.

All graphite materials will be grouped together for

convenience and because their properties are similar.
Graphite materials are extremely heat resistant and inherently fire-safe
(because it does not contain binders).

Graphite packings are suitable for

applications where the operating temperatures reach 5000°Fin non-oxidizing
atmospheres.

In the presence of oxygen, the material is limited to use below

800°F(Chem. Eng. News 1986).

The packinghas excellent chemical resistance

with the exception of strong mineral acids.
Graphite-containing packings are often used in oil refineries and oil
fields because of its high temperature resistance.

Often, in these high

temperature, high pressure applications, a wire insert is added for increased
strength (OGJ 1986).
Graphite materials are fairly expensive, but the addition of various
fillers helps keep the cost competitive with other substitute materials
(Palmetto Packing 1986).

Graphite packings cost about two times as much as

asbestos packings on a per weight basis and costs are estimated to be $60.40
per pound (Union Carbide 1987).

Industry officials project this substitute’s

market share as 10 percent of the total asbestos packing market (Palmetto
Packing 1986, ICF 1986a).
-
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6.

Other Substitute

Other fiber products

Fibers
made from cellulose,

phosphate,

or ceramic fibers

have very small market shares and are not seen as viable replacement for
asbestos in general service areas at this time.

Ceramic fibers have been used

for packing materials, but do not see widespread-use due to their abrasive
nature and brittleness (Union Carbide 1987).

Phosphate fibers may see an

increased market share in the future, but currently are only in developmental
stages4 (Monsanto 1987).

Cellulose fibers occupy a very limited market share

although for applications demanding little in the way of high performance they
can be used (ICF l986a).
E. Summary
It appears that substitutes for asbestos containing packings currently
exist.
well.

These products, however, cost more to produce and may not perform as
Since no across the board substitute fiber exists, manufacturers have

been forced to replace asbestos with a combination of substitute materials,
including graphite, PTFE, glass, aramid, and FBI fibers.

-

The substitute

materials are a combination of fibers and fillers designed on an applicationby-application basis.
highest content.

The materials are classified by the fiber with the

Table 5 summarizes the characteristics of the asbestos

substitutes.
The estimation of market shares, prices of the substitute formulations in
the event of an asbestos ban, and data inputs for the Asbestos Regulatory Cost
Model are summarized in Table 6.

~ Although these fibers seem promising there is little industry data on
their performance in field applications.
-
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Very strong.
Tear resistant.
High tensile strength.

Withstands temperature to
1000F.
Good tensile properties.

Withstands temperature to
1000SF.

Low friction.
FDA approved to contact food
and medical equipnent.

Heat resistant up to 5000F.
Chemical resistance.

Fibrous Glass

Polybenzimidazole (PBI)

PTFE

Graphite

Advantages

Aramid

Product

Disadvantages

Usually with a wire insert.
Used in high temperature,
applications.

Temperature resistance to
500F.

Not as resilient as asbestos.
Deforms under heavy loads.

Brittle.
Frays.
Premium price.

Used in high temperature,
high pressure applications.

Market is growing for glass.

Poorer wettability premium
premium price.

P~brasive.

Remarks

Widely known.
Used in the paper industry.

Substitutes for Asbestos Packings

Unable to handle strongly
acidic or basic fluids.
500SF temperature limit.

Table 5.

Palmetto Packing 1986,

ICF 1986a, OGJ 1986,
Palmetto Packing 1986

ICF 1986a, OGJ 1986

ICF 1986a, OGJ 1986,
Chem. Eng. News 1986

ICF 1986a, ICF 1985

References

N/A

N/A

N/A

PTFE

Graphite

PBI

Not Applicable.

N/A

Fibrous Glass

N/A:

N/A

3 tons

Asbestos Packing

Aramid

Output

Product

N/A

N/A

N/A

N/A

N/A

0.70 tons/ton

Product Asbestos
Coefficient

N/A

N/A

N/A

N/A

N/A

1

181,200

120,800

211,400

120,800

135,900

60,400

Price
(S/ton)

1 year

1 year

1 year

1 year

1 year

1 year

Useful Life

181,200

120,800

211,400

120,800

135,900

60,400

Equivalent
Price
(S/ton)

Data Inputs for Asbestos Regulatory Cost Model
(028) Packing

Consumpt ion
Production Ratio

Table 6.

15%

10%

15%

30%

30%

N/A

Market
Share

ICF 1986a

-

ICF 1986a, Palmetto Packing 1986

ICF 1986a, Palmetto Packing 1986

ICF 1986a, Palmetto Packing 1986

ICF 1986a

ICF 1986a
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XXIX.

A.

ROOF COATINGS AND CEMENTS
Product Description

Roof coatings and roofing cements together accounted for 90 percent of the
asbestos containing adhesives, sealants, and coatings produced in the United
States in 1985.

Other more specialized asbestos containing compounds used by

the construction, automobile, and aerospace industries accounted for the
remaining 10 percent.

They are discussed separately under the Non-Roofing

Adhesives, Sealants, and Coatings category.
Roof coatings are cold-applied liquids which may be brushed or sprayed on
roofs or foundations to perform a variety of functions such as waterproofing,
weather resistance, and surface rejuvenation.

Asphalt based, thinned with

solvents, and bodied with 5 to 10 percent asbestos fiber, roof coatings are
applied to most types of roofs except the typical shingled roof.

Commercial

and industrial structures such as stores, shopping centers, and office and
apartment buildings are common users.

Usually black, these coatings may be

pigmented with aluminum paste to create a silver coating with high heat
reflectance (ICF 1986; Krusell and Cogley 1982).
Roofing cements are more viscous roof coatings.

Usually consisting of

solvent thinned asphalt and bodied with 15 to 20 percent asbestos, roofing
cements are trowel-applied with the consistency of a soft paste.

Applied to

all types of roofs, they are used to repair and patch roofs, seal around
projections such as chimneys and vent pipes, and bond horizontal and vertical
surfaces (ICF 1986; Krusell and Cogley 1982).
Asbestos is used in roofing compounds for its unique combination of
strength, viscosity control, and price.

The important attributes of asbestos

fiber for this application are: (ICF 1986, Krusell and Cogley 1982):
a

asphalt reinforcement to prevent cracking due to factors such as
temperature change;
-1-

a

viscosity control for waterproofing since asbestos content
aids in the application of an even coat without gaps or
holes;

a

sag resistance to ensure that the compound remains
stationary on steep surfaces, and does not melt and run in
the event of a fire;

a

maintenance of surface protection since asbestos fiber
prevents the liquefied asphalt from penetrating the
resident surface;

a

asphalt affinity to provide uniform asbestos dispersion
without bunching or settling of fibers;

a

weathering resistance to retard oxidation and deterioration
of the asphalt; and,

a

low cost.

Companies that manufacture, roof coatings also manufacture roofing cements.
Production is typically a batch process.

Bagged asbestos (usually grade 7

chrysotile) is moved from storage and dumped into a fluffing machine which is
used to separate the fibers that may have been compressed together.

The

fibers are then generally transferred to a batch mixing tank where other
ingredients are mixed until the desired consistency is obtained.

Finally the

mixture is sent for packaging or containerizing, usually into tank trucks and
five gallon metal pails with sealed lids.

In both products asbestos fibers

are thought to be completely encapsulated by other product constituents (ICF
1986; Krusell and Cogley 1982).
B.

Producers of Roof Coatings and Cements

In 1985, 31 firms operating 68 plants nationwide produced approximately 76
million gallons1 of asbestos containing roof coatings and cements.

These

companies consumed 29.6 thousand tons of fiber accounting for 20.4 percent of

1 Four of the 31 companies producing asbestos containing roof coatings
and cements in 1985 refused to provide production and fiber consumption data
for their 10 plants in operation; their production volume and fiber
consumption have been estimated using the method described in Appendix A and
are included in the totals presented here.
-2?

145.3 thousand tons2 of total asbestos consumed in 1985 for all product
categories.

Table 1 lists the total number of plants and the estimated

gallons of coatings and cements produced in 1985.

There are no importers of

these products (ICF 1986).
Asbestos containing roof coating and cement production was estimated to be
76 million gallons.

At an average price of $2.49/gallon, this market is

estimated to be worth $189.2 million (ICF 1986).
C. Trends
The number of asbestos-based roof coating and cement manufacturers
declined steadily from 1981 until 1985.

During those four years 13 companies

(30 percent), formerly producing asbestos containing roofing compounds, either
substituted asbestos with other materials or discontinued their operations.
In 1986, 14 of the 31 companies remaining in 1985, accounting for more than 24
percent of 1985 output, ceased processing asbestos because of rising insurance
premiums, customer pressure to remove asbestos, and the possibility of
regulatory action (ICF 1986).
D.

Substitutes

Asbestos is unique among known raw minerals because it is a chemically
inert, durable mineral that can be processed into a fiber.

By partially

adsorbing the asphalt into which it is placed, the fiber becomes an integral
component of the mixture without settling or floating.

The addition of one

pound of asbestos fiber per gallon of thinned asphalt (only 10 percent by
weight) imparts a large degree of body and turns the liquid into a soft paste.
Industry leaders indicate that they have been unable to find a substitute for
asbestos that can simultaneously reproduce the numerous qualities of the
2 145.3 thousand tons of asbestos fiber is the ICF total. The Bureau of
Mines (BOM) total is 172 thousand tons. Therefore, asbestos fiber used in
roof coatings and cements (accounted for by ICF) will be 17 percent of the BOM
total.
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Table 1.

Production of Asbestos Roof Coatings and Cements

Number of Plants

TOTAL

68

Source: ICF 1986
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Gallons Produced
(1985)

75,977,365

mineral.

Hence, manufacturers have been forced to replace asbestos with a

combination of substitute materials, including cellulose, polyethylene, and
ceramic fibers, and clay, talc, wollastonite, calcium carbonate (limestone)
and silica gel thickeners (ICF 1986; Krusell and Cogley 1982).

The substitute

products can be grouped into three major categories according to the type of
non-asbestos substitute used:
a
a
a

cellulose fiber mixtures,
polyethylene fiber mixtures, and
other mixtures (ICF 1986).

-

The current market share of the different substitute formulations is
presently unknown and our attempt to project the market shares in the event of
an asbestos ban relies more on the informed judgement of industry experts
rather than hard numbers.

Industry has indicated that asbestos-free roof

coatings and cements account for between 20 and 50 percent of the market
today.

Nevertheless, it is evident from the survey that the market share of

asbestos-free roofing products is increasing rapidly as more and more
companies replace asbestos.

In an effort to gain a portion of the growing

non-asbestos market, many manufacturers price their non-asbestos formulations
the same as the traditional asbestos-containing products, even though
non-asbestos formulations cost from 2 to 37 percent more to produce (ICF
1986).
The description of substitute mixtures is divided into two parts: a
description of the fiber replacing asbestos (section a), followed by

a

description of the roof coatings and cements formulations made using that
fiber (section b).
1.

Cellulose Fiber Mixtures
a.

Cellulose Fibers

Cellulose fibers are generally milled from recycled or unused
newsprint in the presence of such additives as kaolin clay, calcium carbonate,
-5-

or talc.

The additives ease grinding, prevent fires during processing, and

are normally at least 10 percent by weight of the final product.

Fiber

lengths vary from 0.02 to 0.5 inch lengths depending on the desired viscosity
and ease in dispersion

- -

the greater the length of fiber, the greater the

viscosity, yet the harder the dispersion in asphalt (American Fillers &
Abrasives 1986).
Two of the largest producers of cellulose fibers for roof coatings and
cements are Custom Fibers International of Los Angeles and American Fillers
and Abrasives of Bangor, Michigan.

Custom Fibers International produces

cellulosic fibers for asbestos replacement in coatings and cements.

Their

current total capacity for three plants nationwide is approximately 10,000
tons per year (Custom Fibers International 1986).

Their product, CF-32500 (R)

fiber, is a 75 percent cellulose fiber which has extremely high oil absorbtion
capabilities and is used as a substitute fiber in asphalt roof coatings and
cements.

It is recommended for improving the viscosity, sag resistance, and

fiber reinforcement of coating compounds to which it is added (Custom Fibers
California 1986).

American Fillers & Abrasives of Bangor, Michigan

manufactures a range of cellulose fiber products, of which the Kayocel KA690
(R) is a superfine, rapid dispersing fiber containing 90 percent cellulose and
10 percent calcium carbonate.

According to the manufacturer, Kaocel fibers

can be used to manufacture a stable and uniform roof coating (American Fillers
& Abrasives 1986).
b.

Cellulose Fibered Roof Coatings and Cements

Manufacturers of cellulose fibered roof coatings and cements
consider their specific formulations proprietary.

However, producers of

cellulose fibers indicate that their fibers are usually used, in combination
with clay and mineral thickeners, in concentrations of between 1 and 3 percent
for roof coatings, and 3 and 5 percent for roofing cements (American Fillers &
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Abrasives 1986; Custom Fibers International 1986).

Custom Fibers suggest a

starting formulation for an asbestos-free roof coating includes the following:
Asphalt cutback
Surfactant
Attapulgite clay
Talc or calcium carbonate
CF Fibers 32500 (R)
The CF-32500 (R) cellulose fiber, at increased concentration, can also be used
for asbestos replacement in an asphalt plastic roof cement in the following
formulation: (Custom Fibers California 1986).
Asphalt cutback
Surfactant
Bentonite clay
Talc
CF Fibers 32500
More than 16 companies currently produce cellulose containing roof
coatings and cements.

Table 2 identifies additional manufacturers of

cellulose containing roofing compounds (ICF 1986).
Gardner Asphalt produces asbestos free products that contain a proprietary
formulation of cellulose fibers and inorganic thickeners.

According to

company officials, the formulation costs more to produce and yields an
inferior product.

However, they do indicate that consumers could switch

completely to the substitute formulation if the asbestos product was made
unavailable (Gardner Asphalt 1986).
Gibson-Honians Corporation of Twinsburg, Ohio, substituted for asbestos in
both their aluminum and standard black roofing products with a mixture of
cellulose fibers, kaolin clays, crushed limestone, sodium silicates and water
in April, 1986.

Initially losing some

of their sales due to adhesion,
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Table 2.

Manufacturers of Cellulose Fibered Roof Coatings and Cements

Location

Manufacturer

American Lubricants Company
American Tar Company
Asphalt Products Oil Corporation
Elixir Industries
Gardner Asphalt
The Garland Company
Gibson-Homans Corporation
Grundy Industries
Kool Seal Incorporated
Midwest/Gulf States Incorporated
National Varnish Company
Parr Incorporated
Russel Standard Corporation
Southwestern Petroleum Corporation
S.W. Petro-Chem Incorporated
Tremco Incorporated
Source: ICF 1986
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Dayton, Ohio
Seattle, Washington
Long Beach, California
Elkhart, Indiana
Tampa, Florida
Cleveland, Ohio
Twinsburg, Ohio
Joliet, Illinois
Twinsburg, Ohio
Chicago, Illinois
Detroit, Michigan
Cleveland, Ohio
Atlanta, Georgia
Fort Worth, Texas
Olathe, Kansas
Cleveland, Ohio

reinforcement, and application problems, company officials indicate that
reformulations with the same ingredients are expected to retrieve previous
customers by early 1987. While production costs have increased due to added
material, freight, and maintenance costs, profit margins have been trimmed to
retain the same price charged for previously produced mixtures containing
asbestos (Gibson-Homans 1986).
Midwest/Gulf States no longer produces asbestos containing products and
agrees that consumers could switch to cellulose containing roofing compounds
if asbestos was banned.

However, prices would probably rise.

Currently,

cellulose containing roof coatings and cements are priced higher than their
previous asbestos containing counterparts (Midwest/Gulf States 1986).
American Tar Company produces both asbestos and cellulose based roof
coatings.

They indicate that the cellulose containing coating costs more to

produce but is currently priced the same as the asbestos based product
(American Tar Company 1986).
Although cellulose fiber roof coatings are gaining in popularity,
manufacturers of these products have cited some problems with the production
and result of these cellulose formulations:
a

the cellulose fibers formulations are difficult to mix
requiring additional ingredients such as clays and talcs;

a

the formulations may sag and run on a steep surfaces;

a

the formulations may require additional application time,
and;

a

the formulations cost between 2 and 37 percent more to
produce than asbestos mixtures.

Despite these problems manufacturers of asbestos containing roof coatings and
cements recommend cellulose fibered formulations more than any other
non-asbestos mixture (ICF l986a).

-9-

Cellulose bodied roof coatings and cements have been in production for
only six years.

However, both the producers of cellulose fibers and those

manufacturers who mix the fibers into roofing compounds indicate that
successful formulations have so far lasted six years with no sign of
deterioration or sag.

Consequently, they claim that cellulose fibered roofing

compounds are likely to have the same life as asbestos containing products.
Cellulose fibered formulations in combination with clay and mineral
thickeners are estimated to capture 87 percent of the roof coating and cement
market as a result of an asbestos ban (see Attachment A).

Prices would be

expected to rise 18.5 percent (see Attachment B) to $2.95 per gallon due to
increased material and production costs (ICF 1986).
2.

Polyethylene Fiber Mixtures
a.

Polyethylene Fibers

Polyethylene fibers are strong, durable, high surface area, short
length fibrils that increase viscosity and improve crack and slump resistance
in all types of coatings and cements.

Hercules of Wilmington, Delaware and

Minifibers of Johnson City, Tennessee are two of the largest producers of raw
polyethylene fibers used by manufacturers of non-asbestos roof coatings and
cements.
plant.
year.

Hercules produces Pulpex polyolefin pulps at its Deer Park, Texas
The capacity of this single plant is approximately 27,500 tons per

Pulpex E (R) (Grades D-H) is a dry fluff polyethylene pulp that is an

effective replacement for asbestos in roof coatings and cements formulated
with thickening clays (Hercules 1983).

Minifibers’ Short Stuff (R) are high

density, highly branched polyethylene fibers.

These fibers also increase

viscosity and impart significant crack resistance.

Minifibers’ current output

is approximately 4,000 tons per year, although they indicate the potential to
-quadruple this output within 180 days (Minifibers l986a).
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b.

Polyethylene Fibered Roof Coatings and Cements

While roof coatings and cements manufacturers consider their
asbestos free formulations proprietary, Hercules and Minifibers, suppliers of
these fibers, indicate that polyethylene fibers are used in concentrations of
between 1 and 3 percent and in conjunction with clays and other fillers
(Minifibers l986b; Hercules 1983).
According to Hercules, a possible starting formulation for an asbestosfree roof coating includes:
Asphalt cutback (65% solids)
Surfactant
Attapulgite clay
Talc
Pulpex E (R) (D-H)
(Hercules 1983).

Minifibers recommends a slightly different formulation for

an asbestos-free roof coating containing:
Asphalt cutback (65% solids)
Bentonite clay
Rubber (30 mesh)
Calcium carbonate
Mineral Spirits
Short Stuff (R) Polyethylene
(Minifibers 1986b).

Pulpex E (R) (D-H) is recommended at increased levels as

a replacement fiber in an asphalt roofing cement formulation cOntaining the
following:
Asphalt cutback (65% solids)
Surfactant
Attapulgite clay
Talc
Pulpex E (R) (D-H)
(Hercules 1983).
At least 8 manufacturers of roof coatings and cements have either
partially or completely substituted asbestos with polyethylene fibers, in
combination with clay and talc fillers, in their roof coatings and cements.
While the raw fibers cost 3 or 4 times more than cellulose fibers on an
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equivalent basis, they are favored by manufacturers of aluminum roof coatings.
Unlike cellulose fibers, polyethylene fibers do not contain water which can
react with aluminum, forming a dangerous hydrogen gas, eventually resulting in
the lids of containers blowing after only six months of storage (Missouri
Paint & Varnish 1986).

To guarantee a long shelf life many manufacturers of

aluminum roof coatings such as Missouri Paint & Varnish and Columbia Paint
Corporation use polyethylene fiber formulations (ICF 1986).

Table 3

identifies some of the numerous manufacturers of polyethylene fibered roof
coatings and cements.
Missouri Paint & Varnish has discontinued asbestos processing completely
in 1986 and substituted it with polyethylene fibers in combination with clay
and talc fillers.

They estimate that aluminum roof coatings with polyethylene

fibers cost one-third more to produce than asbestos bearing counterparts
(Missouri Paint & Varnish 1986).

Columbia Paint Corporation estimates that

the prices of the roof coatings and cements have increased over 25 percent as
a result of their decision to reformulate their asbestos containing products
with polyethylene fibers (Columbia Paint 1986).
Manufacturers of non-asbestos roof coatings and cements whose formulations
include polyethylene fibers have indicated some problems producing the
formulations.
a

The polyethylene fiber formulations are difficult to mix
requiring other ingredients such as clay and talc;

a

The formulations are not as strong due to the reduced
tensile strength of the fibers;

a

The formulations cost more to produce; and,

a

Their long term performance is still unknown since their
life on the market has been relatively short
5 yrs.
- -

Many current and former asbestos processors have encountered difficulties in
replacing asbestos formulations with polyethylene formulations in some roofing
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Table 3.

Manufacturers of Polyethylene Fibered
Roof Coatings and Cements

Manufacturer

Location

Columbia Paint Corporation
Missouri Paint & Varnish Company
Parr Incorporated
Russel Standard Corporation
Sampson Coatings Incorporated
S.W. Petro-Chem Incorporated
Texas Refinery Corporation
Tremco Incorporated

Huntington, West Virginia
St. Louis, Missouri
Cleveland, Ohio
Bridgeville, Penn.
Richmond, Virginia
Olathe, Kansas
Fort Worth, Texas
Cleveland, Ohio

Source: ICF 1986.
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compounds.

These formulations have, however, been successful in replacing

asbestos in aluminum roof coatings.

As more manufacturers of aluminum roof

coatings decide to replace asbestos (either due to increased insurance costs
or fear of government regulation), the use of polyethylene formulations is
expected to increase (ICF 1986).
Polyethylene fibers in combination with clay and mineral thickeners are
estimated to account for 15 percent of the roof coatings and cements market as
a results of a ban on asbestos (see Attachment A).

Manufacturers of aluminum

roof coatings are expected to be the largest producers of these formulations.
Prices of roof coatings and cements bodied with polyethylene fibers would
possibly rise 35 percent (see Attachment B) to $3.36 per gallon reflecting the
increased material and production costs (ICF 1986).
3.

Other Mixtures
a.

Clays. Mineral Fillers. Silica Gels, and Ceramic Fibers

Clays, such as attapulgite, bentonite, and kaolin, are all
excellent thixotropes.3

However, they make poor reinforcers and hence, are

usually used in combination with substitutes such as cellulose and
polyethylene fibers to produce a desired viscosity in asbestos-free roof
coatings and cements.

Clay thickeners are used at levels ranging from 2 to 8

percent, by weight, and are almost always used with surfactants4 (Engelhard,
n.d.).

Engelhard Corporation of Menlo Park, New Jersey and Floridin Company

~ Thixotropy is the property exhibited by certain gels that causes a
mixture to liquefy when stirred and reharden when left stationary. The
gelling or thixotropic characteristics of these clay additives impart high
viscosity at low shear rates which helps in maintaining mix uniformity during
processing, packaging, and application; and low viscosity at high shear rates
making application easier (Floridin 1986).
~ Surfactants, such as cationic quarternarium salts, are required to
modify the surface charge of the attapulgite thickener aiding optimal wetting
and dispersion of the clay in the asphalt (Engelhard n.d.).
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of Berkeley Springs, West Virginia are the major producers of clay thickeners
used by manufacturers of non-asbestos roof coatings and cements.
Engelhard produces Attagel 36 (R), a low cost thixotrope used frequently
by manufacturers of non-asbestos roof coatings and cements.

Derived from

attapulgite clay, the thickener provides thixotropic properties in asphalt
coatings and cements superior to asbestos.

According to Engelhard, roof

coatings and cements exhibit better sag resistance, easier application, and
better spraying characteristics than comparable asbestos containing
formulations (Engelhard n.d.).

Mm-U-Gel AR (R), is a similar attapulgite

based gelling product manufactured by Floridin Company. Designed for
thickening asphalt based coatings and cements, the product delivers superior
stability, application, and sag resistance to roofing products than asbestos
according to Floridin (Floridin 1986).

Southern Clay Products’ Claytone 34

(R), and NL Chemicals’ Bentone 34 (R), both processed from bentonite clay, are
more expensive thixotropes used in asbestos-free roof coatings and cements
(ICF 1986).
Mineral fillers such as talc, wollastonite, and limestone are not
thixotropes, but act as inexpensive thickeners.

They do not have strong

reinforcing characteristics and are usually used, at concentrations ranging
from 10 to 25 percent, in combination with cellulose and polyethylene fibers
to replace asbestos (ICF 1986; American Fillers & Abrasives 1986; Hercules
1983).
Silica gels, such as Cab-o-Sil (R) fumed silica, are good thixotropes,
providing the necessary viscosity control in asphalt compounds.

However, the

gels do not possess the reinforcing capability of either asbestos or
substitute fibers (Cabot 1986).
Ceramic fibers are used to increase viscosity and provide asphalt
reinforcement.
-
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b.

Other Roof Coatings and Cements

Only three companies are currently producing substitute roof
coatings and cements that do not contain cellulose or polyethylene fibers.
Coopers Creek Chemical Corporation, a small manufacturer of asbestos
containing roof coatings in 1985, has completely replaced asbestos with
attapulgite clay in 1986.

They indicate that the performance of the coating

is comparable to the previous asbestos based one, but that the formulation is
slightly more expensive to produce (Coopers Creek Chemical 1986).

Silica has

replaced asbestos in all roof coatings and cements produced by Douglas
Chemical of Richmond, Virginia (Douglas Chemical 1986).

B.F. Goodrich, Akron,

Ohio, indicated that ceramic fibers have been used to formulate an asbestosfree counterpart to their asbestos roof coating.

Company officials reported

that the mixture costs 5 percent more to produce (B.F. Goodrich 1986).

No

manufacturers are currently producing roof coatings and cements solely with
mineral fillers (ICF 1986).
Formulations not containing either cellulose or polyethylene fibers, but
rather clay thickeners, mineral fillers, silica gels, and ceramic fibers are
estimated to have only 7 percent of the market resulting from an asbestos ban
(see Attachment A).

Prices of these compounds could rise perhaps 21.5 percent

(see Attachment B) to $3.03 per gallon (ICF 1986).
E.

Summary

It appears that substitutes for asbestos containing roof coatings and
cements currently exist.
not perform as well.

However, these products cost more to produce and may

Asbestos is unique among known raw minerals because of

its combination of strength, viscosity control, and price.

Since no across

the board substitute fiber exists for the mineral, manufacturers have been
forced to replace asbestos with a combination of substitute materials,
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including cellulose, polyethylene, and ceramic fibers, and clay, talc,
wollastonite, calcium carbonate, and silica gel thickeners.
The estimation of market shares and prices of the substitute formulations
in the event of an asbestos ban relies to a large degree upon educated
judgments of industry experts.

Table 4 summarizes the findings of this

analysis, and presents the data for the Asbestos Regulatory Cost Model.
If asbestos was made unavailable, perhaps 87 percent (see Attachment A) of
the asbestos containing roofing compounds market would be taken by
formulations containing cellulose fibers in combination with clay and mineral
thickeners.

Identified most often by current and former asbestos processors

and Gardner Asphalt, a company with a large share of asbestos containing
roofing products market, this replacement fiber is cheaper than polyethylene
fiber and seems to perform adequately in reinforcement.

Prices would be

expected to rise 18.5 percent (see Attachment B) to $2.95 per gallon due to
increased costs of production (ICF 1986).

Formulations containing

polyethylene fibers, in conjunction with clay and mineral thickeners, are
estimated to account for 8 percent of the asbestos-based roofing compounds
(see Attachment A).

These fibers costing 3 or 4 times more than cellulose on

an equivalent basis tended to be favored by manufacturers of aluminum roof
coatings.

Prices of formulations bodied with polyethylene fibers would likely

rise 35 percent (see Attachment B) to $3.36 per gallon due to increased costs
(ICF 1986).

The remaining 5 percent would be divided between other

formulations containing clays, mineral fillers, silica gels, and ceramic
fibers (see Attachment A).

Prices of these compounds could be expected to

rise 21.5 percent (see Attachment B) to $3.03 per gallon (ICF 1986).
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See Appendix A end B.

blncludes clay, silica,

5

N/A

N/A

N/A

0.00039 tons/gal

N/A

N/A

N/A

1.0

Consumption
Production Ratio

$3.03/gal

$3.36/gal

$2.95/gal

$2.49/gal

Price

10 years

10 years

10 years

10 years

Useful Life

Data Inputs for Asbestos Regulatory Cost Model

Product
Asbestos Coefficient

and ceramic fiber mixtures.

N/A

Other Mixtureab

Not Applicable.

N/A

Polyethylene Fiber Mixture

N/A:

N/A

75,977,365

Output

Cellulose Fiber Mixture

Asbestos Mixture

Product

Table 4.

$3.03/gal

$3.36/gal

$2.95/gal

$2.49/gal

Equivalent Price

4.95%

7.62%

87.42%

N/A

Market
Share

ICF

ICF

ICF

ICF

1986

1986

1986

1986

a

a

a

a

Reference

100.002
50,425,484

Grand Total

b~i company indicated that it uses cellulose and polyethylene as a substitute material depending upon the
5
product. For the purposes of this analysis, we have divided their production. equally between the two
substitutes.

For the purpose

4. 952

7.622

87.422

Projected Market Share
(subtotal/Grant Total x 100)

2,498,318

3,844,678

44,082,488

Production Whi oh Would
Likely Switch to Substitute

Subtotal 3

Coopers Creek Chemical
Elixir (Ga~dena, CA)
Parr, Inc.
5
Russel
Tremco~

B.F. Goodrich

Subtotal 2

Colunbia Paint
Koch Asphalt
Missouri Paint and Varnish
Parr,
Russel
Schaefer Menufactujing
S.W. Petrochemical
a
Tremco

Subtotal 1

American Lubricants
American Tar
Asphalt Products
Elixir (EIkhart., IN)
Gardner Asphalt
Gibson-Hom~ns
Grundy
Kool Seal
Midwest-Gulf States
National Varnish
Parr, Inc.~
Russel~
Southwestern Petro~euin
S.W. Petrochemical
Tremcoa

Manufacturer(s)

These companies indicated they use all three substitute materials depending upon the product.
of this analysis, we have divided their production equally between the three substitutes.
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Other

Polyethylene

Cellulose

Substitute
Fiber/Material

PROJECTED MARKET SHARES ANALYSIS BASED ON 1985 PRODUCTION OF ASBESTOS ROOF COATINGS AND CHMENTS
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Subtotal 3

B.F. Goodrich
Coopers Creek Chemical
Elixir (Gardena, CA)

Subtotal 2

Coltanbia Paint and Oil
Missouri Paint and Varnish

Subtotal 1

American Lubricants
American Tar
Asphalt Products
Gardner Asphalt
Gibson-Homans
Grundy
Kool Seal
Midwest-Gulf States
National Varnish

Manufacturer(s)

373,000

256.000

40,732,635

.

Production
(1985)

•

Current or Probable
5
Price Increase
(2)

21.5

35.0

18.5

Average
b
Price Increase
(2)

average price increase was determined by calculating a weighted average of individual price

increases of non-asbestos over asbestos containing roof coatings and cements using 1985 asbestos
containing production levels.

bm.

Many manufacturers currently price non-asbestos formulations the same as asbestos containing
mixtures. For the purpose of this analysis, we have inserted th. increase cost of production
when necessary.
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Other

Polyethylene

Cellulose

Substitute
Fiber/Material

PROJECTED PRICES ANALYSIS BASED ON AVAILABLE PRICE DIFFERENTIALS BETWEEN
ASBESTOS CONTAINING AND NON-ASBESTOS ROOFING CQ&TINGS AND CHMENTS
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