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“Pefion” TPE-fluorocarbon agqueous dispersions
are milky white liquids consisting of very small
particles of tetrafluoroethylens resin suspended in
water, The high utility of these dispersions is due
to their fluid form, This property is especially use-

- ful in the case of “Teflon” TFE-fluorocarbon

resing, because these resins are not suitable for
processing in molten or dissolved form.

USES
Uses for TPE dispersions fall inte the general
categories of conting, impregnation, finishing, and
blending, More specifienlly the material is used
for the following:
1, CAST FILM for capacitor layer insulation and
dinphragms,
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2. COATED GLASS FABRICS AND YARNS
for electrical insulation in motors, generators,
and transformers; wrapped insulation on wire
for high-temperature applications; non-adhesive
separator sheets for laminating, and press
blankets; gaskets, and rigid high-temperature
laminates, ,

8, IMPREGNATED ASBESTOS OR TFE FI-
BER' AND BRAID for gasket and packing
uses, '

4, BURFACE COATINGS for non-adhesive and
low friction uses?,

5. WIRE ENAMELS* for magnet wire in small
relays and transformers. :

6. BLENDS with other resing and fillers, includ-
ing filled molding powders for molding and
extrusion,

7. TEXTILE FINISHES for yarns and fabrics.

PROQPERTIES OF “‘TEFLON''
TFE-FLUOROCARBON DISPERSIONS

TFE dispersions are hydrophobie, negatively
charged colloids containing particles of 0.05 to
0.5 micron diameter suspended in water, Pertinent.
properties are as follows:

pH-—

As normally supplied, the pH is about 10, If
necessary, the pH can be reduced by addition of
either inorganic or organic acids; the latter are
"'TE:.FL.ON” TFE-Fluoroearbon Fibars are availahle from
the Textile Fibers Depurtment, F. 1, du Pont de Nemaurs
& Co. (Ine.), Wilmington, Delaware,

"Finishes and wire enamels based on "TEFLON" tetraflnero-
ethylene resing munufactured by Fabries & Finishes De-
partment, 1, I du Pont de Nemours & (o, (Ing),
Wilmington, Dolaware,
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much preterred. Uare must be taken toavold add-
ing excessive guantities of acid, beeause high ion
concentrations will eause coagulation.

Stability—

The dispersion will settle somewhat on prolonged
standing or on prolonged heating above 160°F, but
can generally be redispersed by mild agitation.
Stocks being stored for an indefinite period should
be redispersed at least once a month by tumbling

or rolling in the eontainer. The dispersion should.

be protected at all times against freezing, which
will cause an irreversible coagulation. High-speed
stirring and addition of ¢lectrolytes or water-
riseible salvents will also ustially lead to irrevers-
ible eoapulation.

Specific Gravity—

The relationship between concentration and
specific gravity at 77°F. is given in the following
table, along with useful equivalenta:

Grams Pounds of
Par Cent Spocific solids solids

Solids Gravity pes 60, per gallon
35 1.24 A6 3.2
40 1.29 L5158 4.30
45 1.3 601 5,01
&0 1.38 693 579
60 1.50 800 7.50

Critical Thickness—

The eritical thickness, or maximum thickness of
film that can be made in a single casting without
formation of cracks when the deposited polymer
is dried, is between 0.5- and 1.5-mils depending on
the application conditions and ihe shape being

coated. Thus, coatings no thicker than 0.5- to 1.5~

mils should be deposited in a single cyele in order
to avold § o'z*ming such cracks that cannot be fused

together in baking. Thicker coatings are miade by’

multiple dipping and baking operations.

“Teflon’”" 30 and “Teflon” 308 contain approxi-
mately 60 pereeiit resin and 6 percent “Triton”
X100, baged on weight of solids. “Teﬁon” 42, a
35 percent solids dispersion, contains no "Tnton .
but is stabilized with an immiseible liquid, Further
details on the characteristics of these resins may
bhe found in the following Produet Shéets: A-46473
(“Teflon” 80), A-46474 ("Teflon” 30B) and
A-45012 (“Teflon’ 42),

FOQRMULATIONS

“Teflon” TFE-fluorocarbon dispersons as fur-
nighed contain ‘"Triton’ X-100~, a non-lonic wet-
ting agent which has good wetting propertiesand a
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mnimum tendency to foam. Moreover, it can ha
decomposed cleanly at the temperatures required

“for baking, leaving a contaminant-free polymer,

In many cases, it will be desirable to supplement
the formulation to inerease the viscosity, to im-
prove the penetration, or to increase the eritical
thickness of THE dispersions,

The viscosity may also be adjusted by adding
water soluble thickeners sueh as Carbopol 934
(B. F. Goodrich Co.). As little as 0.1% of this
thickener will inerease the viscosity of a 609 solids
d:spexsmn to 600 ecentipoises. Non-mmu and
anionic types of dispersants are acceptable. The
non-icnic wetting agenis are generally preferved
because they are less likely, in low concentrations,
to irduce abnormal viscosities resulting from
thixeotropic behavior. Too, they can be burned out
most readily at polymer-sintering temperatures
without leaving inorganie residues in the produet.
Dispersing agents of the cationie type are normally
uneatisfactory becanse they will flocculate the
dispersion.

It-is important to note that only mild agitation
should be used in adding any material to the dis-
persion, High-speed stivring should be avoided, .
because it wil lead to coapulation.

CASTING AND COATING,

The availability of ‘“Teflon” TFE-resins in the
form of aqueous dispersions makes it possible to
cast films and to apply enamel-type coatings of the
material. In addition, spray finishes based on dis-
persions of “Teflon”, and information on their uzes
are available from the Du Pont Fabries and
Finishes Department.

In the case of film, "“Teflon” TFE dispersion is
applied by dipping or flowing onto the surface,
followed by drying to remove water {or other
media, in the case of some finishes), and fusing the
dried polymer at 675° to 750°F. Dip-coating has
proved preferable in most cases because of its
adaptability te continuous applieation of a uni-
form coating. A dispersion concentration of 45 to
504 solids by weight and 6 to 99 (on solids basis)
wetting agent are recommended for optimum
wetting characteristics, The thickness of disper-
sicn laver picked up during each dip should be
limited to about 0.5-mil in order to avoid the
formation of cracks upon drying as well as to per-
mit reasonably rapid vaporization of tha dispers-
ing agent during the sintering operation, Thicker
films can he applied in a single pass if a kigh dielec-
tric strength film is not needed, The amount of
pick-up is influenced by the viscosity of the disper-
sion, the coating speed, and the roughness of the
sur L;ce being coated, but it ean be controlled by
means of a doctor knife, as shown in Figure 1. As
many coats may be applied as desired. Tt is not
unusual for a coat to he smtered hofore anather
one is applied,
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After dipping, the next step is removal of the
water from the deposited dispersion. This may be
done under infra-red lamps, or in a forced-convec-
tion air-oven. In either case, the speed of water re-
moval will be Hmited by the tendency for bubbie
formation. For a i-mil Alm, infra-red drying wili
take about 15 seconds. The air-oven technique will
take longer —sometimes as long as 1 to 2 minutes
at 185° to 205°F. _

Drying is followed by a baking and sintering
operation, during which two things occur—the
wetting agent is volatilized, and the discrete solid
resin particles are sintered into a homogeneous
film. Both operations can be carried out simul-
taneously at the sintering temperature, however,
it is recommended that the baking step be con-
ducted separately at a lower temperature to
minimize the decomposition of the wetting agent
to a carbonaceous residue. Baking or volatiliza-
tion of the wetting apent is carried. out in an air
oven maintained at a temperature of about 375°F.;
temperatures of 800° to 425°F, are most eommonly
used, depending on the equipment and desired

“baking time.

Sintering or fusion of the resin particles {akes
place almost instantaneously on reaching tempera-
tures of 675° to T50°F, Most of the wetting agentis
volatilized at the baking temperature, but a small

If nene of these effects are important factors, the
sintering cyele can be relatively short—about 3
minutes for a l-mil film. However, for complete
removal of stabilizer residues, a sintering eycle of
about 8 to 10 minutes is preferred for a 1-mil film.
The cycle increases to about 30 minutes for a 2-
mil film. Hence, muitiple applications of one mil
each: are more desirable from the standpoint of
sintering time, even if the critical thickness were
great enough to permit thicker deposits in a single
cycle. Multiple dips, with baking and sintering be-
tween dips, result in good homogcneity. '
When unsupported film is made by casting, the
final step is stripping of the film from the metal

- surface. Rapid cooling of the film from the sinter-

ing temperature by qgen_ching in cold air or water
promotes ease of stripping, By the same token,

- slow cooling and even annealing promote good ad-

hesion. Other factors that facilitate stripping are
complete removal of welting agent and mainte-
nance of a metallic surface free of corrosion and in a
fairly high state of polish. When the same surface
is used repeatedly, corrosion at the high {empera-
tures employed In the sintering oven becomes a
problem. Ordinary steel and even stainless steel
eorrode rapidly, while nickel, chromium and silver
are more resistant, Nickel appears to give the best
results. Washing the surface in dilute acid and

(‘) amount remains and decomposes during sintering, buffing after stripping each film are helpful.
leaving a minute earbonaceous residue that can be The procedure outlined above is based on limited
removed by oxidation if the sintering time is study of the variables involved in casting filma from
extended. Whether or not this residue should be THFE dispersions. Undoubtedly, modifications to
‘baked out depends on the particular application; meet specific noeds can be made te advantage.
it causes diseoloration, detracts from the electrical Typical properties of thin film cast from TFE
properties, and makes film stripping very diffienlt. dispersions in this manner are given in Table 1.
TABLE I—PROPERTIES OF THIN FILMS GAST FROM HTEFLON' TFE-FLUOROCARBON
_ AST.00,
i Propurtics Yults Method Vaine
' Tensite strength, 77°F, Psi i D&82 8,000-4,000
. Elongation, 77°F. o - D882 300-500
s Tear strength, Die C 1b.fin. D624 400-800
o Stiffness, 77°F. Psi D74T 40,000-90,000
Moisture-permeability,
{0.001 inch thickness) g 100 sg. in./day ‘0.2
Delectrie constant, 1000 cycles D150 2.0-2.2
Power factor, 1000 cycles D150 <9.0003
Volume resistivity ohm-em, D257 >108
Dielectric strength, '
(short time, 0.002 inch) v jmil D149 <3,000
Electrical flaws at 800 v/mil flaws /100 ft./ Di3gs 0-8
o (0.001 to 0.004 inch fihns) 14-in. width modified _ :
() Specific heat, 100° to 260°F. Btu,/lb, ', 0.25
Water absorption % D510 <0.1
Brittleness temperature i < w100
Specific gravity oen D792 2.15-2.20
3 &
Produced Pursuant to Subpoena HASSEL BAKERGO015



IMPREGNATION

A variety of porous structures can he impregnated
with TIE dispersions by treabment with the dis-
persion. The dispersion is well suited for impregna-
tion because of its low viscosity, extremely small
particles, and the effeet of the dispersing agent

which aids in wetting the swrfaces of interstices, .

promoting capillary action. After dipping and
drying, the deposit of resin may or may not be
sintered depending on the requirements of the
application. .

Sintered coatings on woven fabries and mats of
glass or ashestos fibers are prepared by much the
same procedure as that deseribed previously for
cast films. Tt is, in fact, a matter of casting films on
a discontinuous surface. Because of the ecritical
thickness factor, multiple dips, with sintering be-

~ tween dips, are essential to build heavy coatings of

good homogeneity.

Impregnated materials with a useful degree of
chemical resistance and the non-adhesive property
of “Teflon” can be prepared without sintering the
deposited polymer. This involves merely dipping
and drying. The wetting agent may be removed by

heating to about 375°F, The required time will be )
a matter of a few minutes. Pressure is usually
applied to the impregnated material, either before
or after drying, to aid in holding the “Teflon’’ vesin
in place, For example, a fabrie or mat material can
be calendered continuously as an integral part of
the treatnient, or the dried material can be com-
pressed in a mold as an after-treatment. Thus, in
addition to glass and asbestos, less heat-resistant
fibers can also be treated.

GLASS FABRIC CDATING

Typical equipment for impregnating and coating
ghass cloth with “Teflon” dispersion is shown in
Figure 1. Tt includes:

(1) a pay-off roll for the cloth

(2} a dip tank far the digpersion

(3) a drying and sintering zone

{4) a take-up roll.

The dip tank should be constructed of stainiess

steel. The tank should be equipped with at least
one submeyrged rigid rod, preferably of “Teflon”

FIGUHE §
EQUIPMENT FOR IMPHEGNATING GLASS FABRICS
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for easy sliding of the glass cloth. If rotating rolls
are used, the roll must be entirely submerged and
sleeve bearings lubricuted only by the liquid should
be used. :

Vertieal towers capable of attaining 750°F. are
used for drying, baking and sintering the coating.
Although ovens with two heating stages can be em-
ployed, it is preferable to uge a tower with three
separately controlled zones, ldeally, the first (dry-
ing) zone should operate at 200°F. If » second zone
iz available, it may be operated at about 330° fo
875°F. to remove the major portion of the wetting
agent prior to sintering. Coatingsshould besintered
between 680° and 760°F. Higher temperatures may
he used, but these will reduce the rmechanieal
strength of the glass fabries. 1t is recommended
that 2 short annealing chamber be provided at the
exit of the oven. This may take the form of an
enclosure around the roll at the top of the oven.
This ehamber which prevents too rapid cooling of
the coated fabric will reduce wetting problems
when applying multiple coatings. The tower can
be heated by gas, using vanes and recireulation of
air, or by electrieal heat with recirculated air. Alr

How rates must not be excessive (a gentle breeze is.

needed) or fabric flutter may ¢ause uneven coating.
Thé tower should be wide enongh to handle cloth
36 inches wide, since this is the standard width
in which glass cloth is supplied. The third (sinter-
ing) zone should be about half the height of the
tower, An overall height of 12 to 15 feet will permit
production rates of 5 to 9 feet per minute.

Ventilating duects and an exhaust blower to re-
move volatile produets and traces of decomposition
products from the ovens should be used (see Safe
Handiing). . _

Glass greige goods that contain approximately
29, of a starch-ail size, are most commonly used
for impregnation. In special cases, other finishes in
the glass may be employed.

Depending on the fabric weave and the thick-
ness desired, two to four coats of the “Teflon”
resin are usually required.

Bath compositions will also vary with the type
of fabric and the coating speed. Ordinarily, the bath
will contain 45 to 559 solids and 6 to 9, wetting

agent (solids basis), For a 3-mil 108 glass fabric
ecated with the unit shown in Figure 1, the follow-

ing conditions have proven satisfactory using both
“Peflon” 30 and "Teflon™ 30B:
Solids eontent—51%, .
Wetting agent-—none added . . . 6% based
on solids
Coating Speed 5 to 6 feet per minute
Two coals required.

LAMINATION

Standard laminating presses can be used for the
production of laminates of glass clolh coated with
“Teflon”. Presses should be equipped with elec-
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trically heated wnlatens capable of heating the
coated glass cloth to a temperature of 750°T, and
have sufficient tonnzge to apply 1,000 1bs, jsq. in.
The platens should be cored for cooling water, so
that the laminates can be cooled fairly quickly,
and the eycle time reduced.

Laminates of coated glass cloth are made by

cutting the cloth to the desired size, stacking the
cut pieces by hand, pressing the assembly between
heated platens, and cooling, Before pressure is
applied, it is important that the individual layers
be flat and that there be no wrinkles. Pressure
should be applied slowly so that air which will
expand during heating and canse blisters will not
be entrapped.
-+ There is some tendency for the “Teflon” resin to
stick to heated metal platens during lamination.
To eliminate this, a foil of aluminum can be placed
on both the top gnd bottom of the lay-up, Silicone
mold releases are helpful. After removal of the
laminate from the press, the foil can be stripped
off casily.

It is important that the platens of the press be
parallel, so that pressure will be applied equally
to all sections of the laminate. Chrowme-plated
platens or press-polished plates are generally used
to prevent rusting, and to impart a good surface to
the finished laminate, .

Normal laminating pressures and temperatures
are 1,0001b./sq. In. and 690° t0 720°F., respectively.
Although pressures are not critical, the pressure
must be great enough to sgueeze residual air out,
and to force the individual layers of coated cloth
into intimate contact, The heat must be applied at
temperatures above 621°F. long enough to fuse all
of the TEFH resin. , :

BLENDS

Homogeneous mixfures of “Taflon” tetrafluoro-
ethylene resing with a variety of materials can be
prepared from the dispersion. Broadly, the pro-
cedure is simply a matter of mixing the matarial to
be blended into the dispersion. Solid materials
should be in a finely divided state, and hest resultg
will usually be obtained by suspending the solid
in water before mixing with the dispersion. Sys-
tems in iminiscible liguids caun frequently be
processed ibrough use of mutually miscible sol-
vents sueh as acetone or aléohol, though coagula-
tion of the solid resin particles will oceur inunedi-
ately on mixing,

The preparation of filled molding powders by
coagulating “Teflon” dispersion in the presence of
a filler is deseribed in Information Bulletin No.
X-91C.

SAFE HANDLING PRACTICES

Research at the Haskell Laboratory for Toxicology
and Industrial Medieine of the Du Pont Company
and in university and governmenl laboratories in-
dieateg that at processing temparatures “Feflon”
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fluorocarbon resins give off volaiile products which
can aflect laboratory animals if the exposure is
lang epcugh and the quantity of resin is great
enough.

Animal feeding tests indicate that *“Teflon”
fuoroearbon resins have no observable detrimental
¢ffect when taken internally. Other animal tests

similarly indicaie that the resins do not preduee

skin irritation. These lahoratory results are suh-
stantiated by the fact that there has been reported
to us no case of skin irvitation arising from the
handling of “Teflon” resins at ordinary tempera-
tures,

Direct experiments with animals have been sup-
plemented, where practical, with measurements of
weight loss rates and analysis of the products
evolved on heating “Teflon” resins in air, The
quantities of decomposition evolved at tempera-
tures below 800°F, have been so0 small that com-
plete identification of the evelved products has not
been feasible with existing analytical techniques.
However; at higher temperatures, 930¢ to 1020°F,,
sufficient amounts of decomposition products are
glvan off for identification. At these temperatures
the major pyrolysis produet is the monormer tetra.
fluorcethylene, which is relatively non-toxie and
markedly less hazardousin this respect than vapors
of cleaning flulds such as earbon tetrachloride, bens
zene or gasoline. The minor hut toxic part of the
decomposition products consists of very small
amounts of perflucrinated vapors varying in chain
tength from C; to Cs, 2 waxy sublimate and, if the
pyrolysis is carvied outin the presence of moisture,
small amounts of hydrogen flnoride,

Industrial experience in the handling of *"Teflon”

resing Is extensive. Large quantities of these
resing bave been processed safely by many differ-
ent fabricators and m a variety of operations. The
record clearly establishes that “Teflon™ resing
can be processed at elevated temperatures without
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bazard ## proper ventitation is used. However, if
adequate ventilation is not provided and workers
inhale the fumes of heated “TFeflon” resing in
sufficient quantities, influenzs-like symptoms may
follow. These symptoms do not ordinarily cecup
until several hours after exposure, and pass off
within 86 to 48 hours, even in the absence of treat-
went. Observations indicate that these attacks de
not have any lasting effects and that the effects
are not cumulative, When sueh an attnck does
oceur, it usually follows exposure to vapors
avolved from the polymaer at 545°F. or above with-
out adequate ventilation, or from smeking tobaeco
or cigarettes contaminated with the polymer,
Although thers is no record of workers being
seriously injured by fumes from heated “Teflon'
or its thermal decomposition products, fumes are
Increasingly toxic in heavy concentrations, just ag
are the fumes or decomposition produets of many
common resins, paints, elastomers snd solvents,
as well as naturally occuring polymeric materiala
like woed, silk, wool and rubber. Therefore, the

ventilation precautions to be observed when heat-

ing “Teflon” are the same as those which should
be observed in heating many types of conventional
materials, ’
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