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Techniques for Fabricating DuPont FEP Film

Introduction Note that all of the information in this brochure is

DuPont FEP fluorocarbon film offers the outstand- related to techniques for the fabrication of DuPont

ing properties Of Teﬂd!?“n a Convenient’ easy_to_ FEP f|ImS The teChniqueS for fabricating DuPont
use form. The film is used “as received” in a PFA film are very similar to those for DuPont FEP.

number of applications. However, in many in- The major difference is in the melting behavior of

stances, the film must be fabricated into a product these films. DuPont PFA film melts about 282@2

suitable for a specific application. Some examples (50—75F) higher than DuPont FEP. In all proce-

would be: dures requiring the film to be in the formable or

. - . melted state, equipment temperature should be

aﬂeﬁ%'féz'nr?nigﬁ zlirrrgljicisproduce a substrate for modified accordingly. Procedures not requiring the

) P ] DuPont PFA films to be formable or melted would

» Sealing the film to produce a bag or pouch be the same as for DuPont FEP films.

* Melt bonding the film to a metal substrate

* Using the film as a melt adhesive to bond two  Heat Sealing Principles

pieces of copper tubing In many areas of application, the heat sealability

« Adhesive bonding the film to vinyl sheeting of DuPont FEP fluorocarbon film will be of interest
(laminating) as a method of fabrication. This section discusses
e Thermoforming the film into useful shapes some of the methods that may be employed to ob-

such as corrosion-resistant labware (funnels, tain heat seals with Types A and L films.
beakers, etc.)

This brochure will describe the techniques em- General
ployed in fabricating DuPont FEP films. The DuPont FEP film may be heat sealed by any
following topics will be covered: method that heats the contacting surfaces of the

. Heat i film above the melt temperature of the polymer
eat sealing and, at the same time, provides intimate contact of
Heat bonding those surfaces.

DuPont FEP film as an adhesive

_ o A fusion heat seal of DuPont FEP film is a non-
Adhesive laminating peeling type of seal, and a wide seal area is not
Metallizing necessary. Better appearing seals with minimum
« Thermoforming distortion and puckering of the film are obtained

Teflon® is a registered trademark of DuPont.



by localizing the heat applied to the film to as smalFigure 1. Effect of Bar Temperature Upon Seal
an area as is practical. The use of hot bar or impulse Strength of DuPont FEP Film
sealing equipment necessitates bringing the entirePressure

thickness of film to the melting point of the polymer

in order to accomplish a fusion temperature at the

film interfaces. With relatively thin films, heat e

transfer time is sufficiently short to allow this g y.dl

method, although thinning out of the film adjacent 2 ’ /

to the seal occurs to a greater extent as film thick- /

ness increases. In continuous band sealing, this is, / OWELL TIME - 12 SECOND
accomplished by heating only the center portion of . BAR PRESSURE - 2078l
the band and by cooling the seal under pressure. Eo / BOTH BARS OF SEALER HEATED

air sealing reduces thinning out by allowing the ¢ -
force of the air flow to act as the pressure medium
and metal plates or guides to keep the majority of £
the film below the distortion temperature. Heat seals
made with Type L FEP and Type LP PFA tend to be® L0 o w0 00 o0 o0 o0 e v00
more durable. BAR TEMPERATURE-F

Because molten DuPont FEP fluorocarbon film has

a tendency to stick to the jaws of a heat sealer, it i$n Figure 2, data are plotted for bar pressures of
desirable to use a release agent in the sealing 30 psi and 60 psi with 2-mil film and a constant
operation. Kaptdhpolyimide film may also be useddwell time of”s sec. Pressure appears to have no

as a release slip sheet. significant effect upon the bond strength of the
fusion heat seals. However, certain qualifications
Hot Bar Heat Sealing should be made. First, in thicker gauge film (5-mil

The use of hot bar sealing equipment havinga  and greater), pressure does affect the minimum
minimum temperature capability of 2&8 (550F) temperature at which a fusion heat seal can be made.
and a fast recovery rate will give a wide seal area Higher pressures tend to yield a fusion heat seal at a
and be limited to a straight seal. Because itis  slightly lower bar temperature, probably due to the
difficult to localize or isolate the film seal area, a fact that higher pressures can improve the rate of
degree of puckering takes place in thinner films. heat transfer from the heated bar to the film. At high
Thinning out will occur adjacent to the fusion area pressures, however, cut through and thinning out
due to the jaw pressure when the film is in a fusioroccur. DuPont FEP film possesses a relatively high
state. Because the equipment does not usually alld@glt viscosity, which is not nearly as much a
temperature cycling during the seal cycle, the film @roblem as with lower melt viscosity thermoplastics.
taken from the jaws while in a molten state when

film distortion is at a maximum.
. . . Figure 2. Effect of Pressure Upon Seal Strength of
The following graphs illustrate the time/tempera- DuPont FEP Film

ture/pressure relationships encountered in hot bar Time
sealing. These general relationships hold true for
other heat sealing methods as well.

Temperature

Figure 1 illustrates the effect of bar temperature
upon the seal strength of 5-mil DuPont FEP film
at constant bar pressure and dwell time. Above a % | |
specific bar temperature (3D [59C0°F] with this
equipment) there is no significant change in the
bond strength of the heat seal.
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Figure 3illustrates the considerable effect heating Figure 4. Temperature-Time Relationship for
both bars vs. one bar of the sealer has upon the Obtaining Fusion Heat Seal with DuPont
temperature-time relationship for obtaining a fusion FEP Film

heat seal. For example, at 388(64CF), it requires

only 0.2 sec with two bars heated to obtain a fusion N ] l ]
heat seal with 10-mil film, while with only one \ 50T DA% OF SEALER HEATED
heated bar, 8.1 sec are required at this temperature:o AN
Theoretically, it should require four times as long 2 \
to heat the film interfaces to the fusion temperaturg .. St
from one side as it should from both sides. 5 S~
However, lacking perfect insulation, heat losses -
to the surroundings and unheated bar increase this |
difference. ~—
05 ‘\ WL FILM e ———

Figure 3. Effect of Bar Heating Upon

Temperature-Time Relationship for Heat * 500 600 700 800

Sealing DuPont FEP Film BAR TEMPERATURE- F

f 1 1 ] Figure 5. Temperature-Time Relationship for

\ TOP BAR ONLY HEATED Obtaining Fusion Heat Seal with DuPont
) UOWER BAR NSULATED WITH 1/4” ASBESTOS FEP Film

BAR PRESSURE 30-60 P8I
BOTTOM BAR INSULATED
TOP BAR ONLY HEATED

o BAR PRESSURE 30-60 PSI \‘

DWELL TIME SECONDS

|
>
>
/

: |

S s N |
2 2 \

BOTH BARS HEATED = N
hr_‘ 1 | g \ \u_
S ——— e e — o
¢ 560 580 600 620 640 660 680 700 720 740 e \ \
BAR TEMPERATURE-'F \ \ 2ML o
’ ‘\‘\

. 11@ e ——

. X X 550 600 650 700
Figures 4and5 summarize the data obtained for BAR TEMPERATURE- F

heated bar sealing of DuPont FEP fluorocarbon

film. Figure 4is for use when both bars are heated,;

Figure 5when only one bar is heated and the otherEffect of Gauge on Heat Seals

one is insulated. In both figures, the selection of a Figure 6 indicates the heat seal strength obtainable
temperature-dwell time combination above the with the various gauges of DuPont FEP film.

indicated curve for a particular gauge film will Because a DuPont FEP film fusion heat seal does
result in a fusion heat seal of the selected gauge not peel, the indicated break strength and elongation
film. is that of the weakest link—the film just adjacent to

the sealed area. In general, this is approximately
80% of the tensile strength and ultimate elongation
of the virgin film.

In general, a selection of conditions just slightly in
excess of the minimum indicated conditions should
prove most satisfactory. This should minimize
overheating and distortion of the film. The use of

a different slip-sheet or different equipment may
affect the selection of optimum temperature-dwell
time conditions.



Figure 6. Heat Seal Strength and Elongation allow a reasonably short seal cycle (considering the

Obtainable with DuPont FEP Film heat transfer time of the film and any slip sheet that
Compared to Virgin Film may be used)

Care should be taken to ensure that the metal shape
is not warped at the elevated sealing temperatures.
Machining at these temperatures usually corrects
this and allows for an even pressure and heating
distribution.

60

50

SEAL WIDTH

a0

In order to localize heat to the seal area only, cooled
metal or nonmetal shapes may be placed in contact
with the film area not being sealed. An insulation
barrier should be placed between the heated and
cooled shapes.
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Sufficient contact time to allow the film interfaces

to reach fusion temperature will depend upon the

film thicknesses to be sealed and the temperature of
the sealing mechanism. Heated metal shapes may be
Impulse Heat Sealing used on either one or both sides, both sides giving a

Vertrod Corp.* impulse heat sealing equipment hafaster heat transfer time and thus a shorter cycle.

been used for DuPont FEP fluorocarbon film. The A high-frequency generator may be used to heat, by
heat sealing is effected by a pulse of electrical  induction techniques, a complex metal shape that

current, which is passed through Nichrome™** cannot be heated by the use of conventional resis-
ribbons located in either top and/or bottom jaws. tance type heater elements.

These ribbons transfer heat at a very high tempera-
ture for a short period of time. By varying the Hot Air Sealing

voltage and time of impulse with a jaw pressure of p hot ajr source may be used as a heat supply to seal
10-25 psi/>-20 mil DuPont FEP film may be DuPont FEP film. For relatively thick films (greater
sealed. The heavier gauges will usually require  han 20 mil), a hot air stream may be directed at the
equipment modification. interfaces of the film to be sealed while applying

The seal area will be the width of the Nichrome ~ minimal pressure to provide intimate contact of
ribbons and, as with the hot bar sealer, will be those surfaces. This method provides heat only to
limited to a straight seal. Thinning out at the edge the surfaces to be sealed and keeps the major portion
of the seal will occur due to the thickness of the  Of the film below distortion temperature.

Nichrome ribbons and the molten state of the entire

FILM THICKNESS - MILS

thickness of film when at the seal temperature. Illustration A. Hot Air Sealing of Thick Films
Because the Nichrome ribbons supply heat for only

a short period of time, by allowing the seal to HOT AIR
remain in the jaws for several seconds after the SOURCE
. . . . PRESSURE

impulse, the seal will be cooled below its maximum /

distortion temperature before being removed. Some
puckering will generally occur with thinner films

because the seal area is not entirely isolated from the [FI<"
remainder of the film. l\ g
/
Shaped Seal R <

Curved or irregular sealing configurations that are
not possible with hot bar or impulse sealing equip-

ment may be made by using a heated metal shapézor thinner films where heat transfer time is suffi-
: : ; jently short, hot air may be applied to the outer
such as a ring. However, special sealers for wregufﬂﬁface of the film heating through the outer film

shapes are commercially available. The metal shaﬁi&l . o .
must be capable of a minimum of 288(550°F) ayer to the mte'rfaces and giving a_fu3|on seal. If
and preferably capable of higher temperatures to SUch @ method is used, a metal guide should be

*Vertrod Corp., Brooklyn, NY
**Registered trademark of Driver Harris Company, Harrison, NJ



employed to keep the hot air stream directed to onlgert Gas Supply and Pressure Regulatoto
the seal area, while the remainder of the film area ovide 5-6 psig pressure at the tip of the welding
not exposed. A metal guide of complex shape will tool.

give a contour seal area. .
Preparation

» Cleaning cannot be overemphasized. All surfaces,
including welding rods and adjacent plastic for
about 1 in beyond the joint, should be cleaned
immediately prior to welding with a suitable
solvent.Do not use soap or detergents

HOT AIR » Bevelling of thermoplastic edges is essential to

Illustration B. Hot Air Sealing of Thin Films

SOURCE obtain a satisfactory weld. Mechanically guided
power tools should be used for straighter edges.
SLOTTED Use these bevel angle guidelines for TeflGREP
METAL BAR sheet:
[CT] i — Butt Joints (single or double) 80
i NSULATION MATEFIAL T HOT AR — Corners 60
SOURCE — Fillets 45
— Laps Not required
fep [ METAL PLATE ] / » The joint must be kept in alignment during
R { ) | . . - .
FILM =1 ] welding by mechanical clamping or tack welding
(L METAL PLATE ] with a maximum root gap 6z in.
Welding

Thermoplastic Welding 1) Start hot gas welder at 343 (65C0F).

This information is for experienced operators with ) Preheat starting edge of joint material and rod
knowledge of thermoplastic welding techniques and  until both appear shiny and become slightly

a general awareness of available welding tools and ~ t&cKy. Hold welding tip about in from weld
equipment. joint/rod intersection.

Cut the end of the welding rod at & 4fhgle,

hold it at a 90 angle to the joint, and move it up
and down slightly in the heat until it sticks to
the base material. During continuous welding, a
Safety slight uniform motion of the torch between the
FEP fluorocarbon resin may undergo some decom- sheet and rod is required (the standard Pendu-
position at welding temperatures. Adequate ventila- lum Technique used by the industry).

tion must be provided with point-of-work exhaust 4) Holding the rod at a 45ngle with the base
hoods pref(_arred. Individua_tl fresh air masks may be * 5terial apply downward pressure on the rod
necessary in some unavoidable enclosed spaces. of about 3 Ib force. Avoid tension stretching of

Further details regarding safety of DuPont FEP resin the rod. See sketch below.
are contained in the bulletin, H-48633, “Guide to the

Safe Handling of Fluoropolymer Resins, 2nd

Edition,” available from DuPont.

Publications about welding and fabricating thermo-3)
plastic materials may serve as an additional
resource.

Materials and Equipment /N‘

Welding Rodsshould be extruded virgin FEP Welding rod Heating
plastic, normally round, solid, and free of voids pressed e
with a minimum diameter df:2 in and a maximum

of %6 in.

Electrically Heated Welding Gunwith at least a

750-W heating element capable of producing an air, Shaded surface
temperature of at least 427 (800F) when mea- ! oo A
sured at a distance #fin from the installed tip. be molten




5) Continue welding at a steady and uniform rate Variables affecting the sealing rate are the type of
of about¥>—2 in/min. metal used, its mass, and distance from the induc-
tion heating coil. Magnetic ferrous materials are
best because of their intense hysteresis loss. Non-
magnetic metals like aluminum, copper, tantalum,
and nickel have been induction heated, but higher
power input and longer dwell time is required.

Transparent Butt Seal Blends or electromagnetic energy absorbing materi-
It has been demonstrated that an optically clear als and a thermoplastic of the same composition as
butt seal is possible by profile heating and cooling the materials to be bonded are commercially avail-
techniques (see lllustration C). By selectively able in tape form or injection molded shapes.
heating and cooling a continuous metal surface in
contact with the butt ends of DuPont FEP fluoro-
carbon film, the film will flow and fuse to itself to
give an optically clear seal. Heating the center
portion of the metal where it is in contact with the
butt ends and keeping the majority of the film on
either side of the heated area cool restricts the
thinning out and distortion of the film.

6) Temperature, welding speed, rod pressure,
and gas flow may be adjusted to vary from the
indicated values as more skill and proficiency
is achieved through experience.

The tape or shape is placed between the sections to
be joined (se€igure 7) and magnetically excited.
Coil designs provide the intense magnetic field
needed. The actual weld is DuPont FEP. If a low
metal content is used, you can still obtain a true
melt bond between the two FEP surfaces. This is
extremely important for chemical applications.

lllustration C. Transparent Butt Seal Figure 7. Lap Weld Specimen
INSULATION PRESSURE
(TEFLON' FEP SEALING MATERIAL
s = —
Fep COOLED HEATED COOLED
FEP
R ST L —— “TEFLON" FEP

COOLED HEATED COOLED

TPnNANNN]

?

f

PRESSURE Heat Sealing Parameters
Induction Impulse
Max. Film Thickness | 0.500 in or more 0.020 in
Other Methods of Sealing Sealing Cycle 3 sec—60-mil 6 sec—20-mil
Induction Sealing Appearance No distortion | Some distortion
FEP film can be heat sealed by induction heating of and thinning™
metal or metal oxides at the bond interface. Pressure 3-4 psi 20-40 psi

With induction heat sealing, metal or metal oxide
is introduced at the bond interface. Heat is devel-
oped by energizing the magnetically excitable
material with high-frequency induction generating
equipment. The magnetic field passes through the
films and generates heat at the bond interface. This
eliminates the need for heat transfer through the
thickness of the film.

*Vertrod two-step impulse system gives smooth seal.



Ultrasonic Sealing metal’s surface is like a mountain range. These

DuPont FEP fluorocarbon film may be ultrasoni- surface roughening treatments increase the distance
cally sealed. Evaluation of any application for ~ between peaks or widen the valleys. Thus the
ultrasonic assembly must start with analysis of thesurface is “open” to the viscous flow of the molten
part size, shape, and structure to determine ease &fEP, facilitating intimate contact. The increased
matching the ultrasonic tooling for efficient transfesurface area also enhances bond strength. These

of the sonic vibration without energy losses. techniques usually remove loose oxides, which,
Mastersonics* is one manufacturer of equipment although they may bond to the FEP, have poor bond

that has been effective in ultrasonically sealing ~ strength to the metal itself. Many metals are pro-
DuPont FEP films. cessed using oily lubricants. For this reason, it is

wise to degrease the metal surface with solvents.
. Certain metals (copper in particular) rapidly form
Heat Bonding oxides at the temperatures recommended for bond-

DuPont FEP Fluorocarbon Film to ing. The use of surface-treated copper is recom-
Various Substrates mended.

DuPont FEP fluorocarbon film is melt processible. Some materials, such as nickel, gold, and aluminum,
Therefore, it can be heat bonded to many substratée not yield strong bonds to Type A FEP film at
(e.g., metals, glass cloth, and other high-temperatt@eperatures under 3% (600F). However,
materials) without using adhesives. In this way, thdype C FEP film does produce good bonds in that
unique properties of FEP film expand the functiontemperature range. Indeed, a few materials will not
ality of the substrate. The substrate material often bond at all to Type A film, but bond well to the

adds strength and rigidity to the FEP film. Type C surface. It is also possible to bond Type C

. . film to some materials below the melt range of FEP.
Laminates can be produced in a platen press or on

continuous laminating equipment. The general-  Typical platen press conditions and substrate
purpose Type A film or the cementable Type C filntreatments are given ifable 1

may be used. Bonding is accomplished above the

melting point of FEP (approximately 2°Q DuPont FEP Fluorocarbon

[520°F)). Dispersion Priming of Metals

Good bonding to any substrate requires intimate Matena{s such %S Sta&qlefs s;]eel_ orl veryr;thln_fmlls
surface contact between the substrate and the FEB][aK.nO IrEesp(IJIn tr(le)a Idy op gsm%t orc det:nlca
film. The molten FEP must flow into the substrate’§'¢MINg. £XCcellent bonds can be obtained Dy

surface. The substrate must be free from surface PrMiNG such surfaces with a thin coating of a
contaminants. fused DuPont FEP fluorocarbon dispersion. When

using the primers, the following procedures are
Surface Treatment of Metals recommended:
FEP is quite viscous in the melt, which can impede gpray a very light coating of a mixture of 50%
intimate surface contact with the substrate. Methods TEE primer—#850-line and 50% FEP Disper-
of overcoming this are: raising the temperature of  gjon #120** on the clean metal surface.
the melt to reduce viscosity or increasing Iaminating
pressure to improve flow. However, the surface , _
condition of a metal substrate can greatly influence  (700°F) for 5-10 min depending upon the mass
bonding and dictate temperature and pressure of metal involved.
conditions. Sandblasting, chemical etching, or rou@h Laminate DuPont FEP fluorocarbon film to the
grinding increases the effective surface area and primed surface at 288 (550F).
“opens up” the surface. On a microscopic scale, a

Fuse the coating in a forced draft oven at’871

*Mastersonics, Granger, IN
**Available from the DuPont Company



Table 1
Typical Platen Press Conditions

Interface Dwell
Temperature, Pressure, Time, Substrate Surface
Substrate °C (°F) psi min Preparation and Treatment
Aluminum 282 (540) 100 5 None, if Type C film is used
293 (560) 100 5 Parker Bonderite 700 series*
Copper 282 (540) 100 3-5 Various treatments
Steel 293-304 (560-580) 100-300 5 Sandblast and degrease, phosphatized*
Stainless steel 360 (680) 300 5 None
293 (560) 300 5 Dispersion primer of Teflon®—see
paragraph above
Teflon® TFE 343 (650) 100 3-5 None
Nickel 282 (540) 100 5 None, if Type C film is used
Nickel
Ceramics 293 (560) 300 5 Dispersion primer of DuPont FEP
Nichrome
Nomex® nylon paper 282 (540) 100 5 Use Type C film
Pre-dry Nomex® (at 121°C [250°F], 30 min)
Glass 296 (565) 10 10 Silane coupling agent**
Kapton® polyimide film 282 (540) 100 5 None, if Type C film is used

*Treating and phosphating chemicals are available from Oxy M

etal Industries, 322 Main St., Morenca, Ml 49056.

**Silane coupling agents are available from Union Carbide Corporation and Dow Corning.

Platen Press Laminating

Hot platen press laminating is the most common
technique for bonding DuPont FEP fluorocarbon
film to other materials. There are a few fundament
considerations that contribute to good results

with this technique. These are:

Good platen temperature control and distribution
(x5.5°C [£10°F] across the laminating area).

area. Use a pressure pad (Segire 8).

Compensating pressure control. (The selected
laminating pressure should be maintained regar(
less of expansion or contraction of the materials |£
being laminated.)

Use the minimum temperature, time, and pressu
combination that produce desired results.

Cool laminate to at least 20@ (400F) before
releasing pressure. This may be done by quickly
transferring laminate to a cold press or quenchin
it in cold water.

Even pressure distribution across the laminating|

Figure 8. Platen Press Laminating

25-50 mil thick Back-up Plate
of Chrome-Plated Steel or Brass

Release Sheet of Kapton®
DuPont FEP Film
Substrate

Release Sheet

i Back-up Plate

Pressure Pad of
Stainless Steel Wool*

\\\\\\\

*Available from the International Steel Wool Corp.

g



DuPont FEP Fluorocarbon Film as In most cases, the bond may be enhanced by a
an Adhesive pretreatment of the substrate, although in the case

DuPont FEP fluorocarbon film is thought of usuallyof fabrics, wood, and other porous materials, this is
as a release or antistick material. It is thought of unnecessary. The specific type of treatment required
occasionally as an inert thermoplastic from which Varies with the substrate used: thus, while metals
various parts and shapes of pure FEP can be form@@Y be treated with chemical etches or sandblasting,
Rarely is it thought of as an adhesive—yet its certain plastics may require only a sol\{e_nt wash to
performance in all three of these areas is equally "emove surface contamination or plasticizer.
outstanding. It may be surprising to know that, whexs mentioned above, FEP fluorocarbon film, Type
melted, DuPont film actually becomes an excellentC, manufactured by DuPont is modified with a
adhesive for bonding many materials—metals andproprietary surface treatment that allows it to be
nonmetallics as well. bonded using most commercial adhesives. Pro-

Few adhesives can match the broad capabilities ofonged exposure of this specially treated surface to
DuPont FEP film. Its excellent resistance to both Ultraviolet radiation, moisture, or elevated tempera-
chemicals and high temperatures makes possible ture will adversely affect cementability of the film.
bonded structures suitable for service in applicatioayementabmty tests have been carried out on un-
where ordinary adhesives may not be equal to the opened archive sample rolls of treated films. The
task. FEP film is a flexible adhesive that permits results of these tests suggest that the adverse effect
laminated structures to be post-formed. It is the ides cementability can be minimized by keeping the

adhesive for TFE and produces strong bonds  film in its original package or otherwise effectively
between two surfaces of PTFE or between PTFE protecting the film from ultraviolet light. For best

and other substrates that can withstand temperatufesults, it is advisable to carry out cementability
greater than 33Z (630F) (above the PTFE melt  tests on film prior to its use.

temperature). Because it is available in film form, o _ _ ,
on a roll, and in a range of thicknesses fé6r190 Laminating technique varies with the substrate and

mil, Teflor® film is more convenient in handling ~ @dhesive system employed. Most adhesive suppliers

and storing than many other adhesives. are familiar with the condition employed when
bonding FEP film to various substrates and will

i ] ] have specific recommendations. When contacting
Adhesive Laminating adhesive suppliers for specific recommendations for
DuPont FEP fluorocarbon film extends the DuPonta specific end-use application, it is suggested that
family of films to those applications requiring high the following information be supplied in the initial
temperature resistance, antisticking surfaces, low inquiry:
coefficient of friction, and resistance to chemical o
attack. FEP film, Type C, has a specially treated ' r0¢ess Limitations _
surface that permits it to be used with conventiona! Maximum laminating temperature available.
adhesives. Type A film is not as modified, and most Maximum laminating pressure.
adhesives will not adhere to it. However, the Type AMaximum time, heat, and pressure that can

film surface may be chemically etched to promote  pe applied to the laminate (drying tunnel, roll
adhesion. Storage)_

FEP film, Type C or etched, can be laminated to * Speed of laminator (if continuous process).

many heat-sensitive substrates (elastomers, fabrics \Wwhether aqueous or organic solvent systems

wood, plastics, and papers) using conventional are preferred.

laminating equipment. Irregular shapes can be |

fabricated using adhesive laminations of DuPont Type of substrgte. .

FEP film and post-forming techniques. * Type of ad_heswe applicator (reverse roll, gravure,
flexographic).

Many materials, by virtue of their adhesive charac-

ter, may be combined with DuPont FEP film by

casting or molding directly to the etched surface.

Included in this category are most epoxy com-

pounds, elastomers, urethane foam, uncured rubber,

and some vinyl plastisols.



End-use Conditions Cementable film (treated or etched) may be

e Maximum continuous use temperature. adversely affected by thermoforming due to large

« Maximum intermittent temperature. area increases (stretched) and prolonged heat.

» Degree of flexibility or formability needed. Vacuum Forming

» Bond strength needed (peel or shear). Straight vacuum forming is adequate for most

« Type of atmosphere (chemical, humidity, applications usingz-, 1-, 2-, and 5-mil films. It can
outdoor). also be used for thicker films where the mold is not

too intricate. Modified vacuum forming techniques
L. such as drape forming, use of a heated plug assist,
Metallizing and snapback forming are applicable. The heating
DuPont FEP fluorocarbon film makes an excellenttime depends upon the distance of the film from
substrate for vacuum metallization—by either the heaters and the complexity of the shape to be
thermal evaporation or magnetron sputtering. Keyformed. As shown ifable 2, using a heater located

properties are: 4 in above the film, a 10-sec heating time is opti-
+ Negligible moisture content mum for forming 5-mil filmina 7 ix 12 inx 2 in
female mold.

« Absence of additives and oligomers to outgas

under vacuum and processing temperatures A radiant heater having a watt density of at least

Inert to chemical reaction while in the metallizer 3- ktVV/ftZ irqutlred tg h?at th?jflll\;ln t? the tem- I
: , . perature where it can be formed. Most commercia

Unlform film vyeb th'Ckn_efSS _ equipment is supplied with heating elements of

Good dimensional stability (low shrinkage) 1.7-2.5 kKW/ft.

* Resistance to degradation at metallizer temperag, .« 0\ 2 cuum forming 10- and 20-mil DuPont

ture and pressure FEP film should be heated to 93—1@%200—
As in the case for laminating, the film surface may300°F) in order to keep the film from cooling
have to be treated (Type C or sodium etched) to before it has been completely formed. In some
improve surface energy and enhance adhesion ofthses, heated molds are helpful for forming thinner
deposited metal particles. Untreated, general-  films also.
purpose FEP film may be vacuum metallized for
some applications depending upon the specific Table 2
metal and deposition process used. Copper, alumi- Optimum Conditions for Vacuum Forming
num, silver, gold, and some metallic oxides have Film Heat
been applied to DuPont FEP film through vacuumgayge, | pensity, | Time,

metallization. mil kw/ft2 | sec Remarks
1 1.9 32 Only with rested heater
Thermoforming of DuPont FEP 1 3.7 8
Fluorocarbon Film 2 3.7 10
Introduction > 3.7 12

3.7 20 Thick portion at point of

DuPont FEP fluorocarbon film is a true thermoplasl-0 L ,
initial contact with mold

tic material that is readily formable in either vacuum
or pressure-forming equipment. Because it is Note: The mold used for this first set of data is a vertical
available in thicknesses #-190 mil, DuPont FEP cylinder 1% in high and 3 in diameter. It represents a
film can be used in a wide variety of applications 200% area increase.

from surfacing to completely self-supported struc-

tures. Its formability combined with its release ~ Film Heat _
properties, chemical inertness, and high service ©3uge. | Density, | Time,
. .mil kW/ft sec Remarks
temperature make DuPont FEP film ideal for use i 37 5
various antistick and corrosion-resistant surfacing :
applications. > 3.7 10
10 3.7 — | Heated in formed piece
20 37 __ | throughout time range.
' Heated mold necessary.

Note: This mold is a pan-shaped cavity 7 inx 12 inx 2 in. It
represents an area increase of 90%.
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Pressure Forming Summary of Important Points
Pressure forming involves heating the clamped  Thermoformable?

film with a contact platen mounted over the mold, Yes—FEP is a true thermoplastic material that is

then evacuating the mold cavity and simultaneousl| .
applying air pressure of 20—100 psi or greater to thpéaadlly formable.

upper side of the film. Problems?

Good conformity and detail are achieved with The major problem is when someone has diffi-
1- to 20-mil DuPont FEP fluorocarbon film in such culty in thermoforming FEP film, most of the
pressure forming equipment. Optimum platen time sufficient heat is not available (or if it's
temperatures range from 245(475F) for 1-mil available, it's not made available long enough) to
film to 254°C (49CF) for 5-, 10-, and 20-mil films. bring the film up to forming temperature.

Above 257C (495F) the film tends to stick to the What does it take?
heater platen. At these temperatures, pressure at does It takes

requirements vary from 60—120 psi depending upoti takes 3-3.5 kW/ttwatt density of radiant heat.

the thickness of the film. DuPont FEP film is very transparent to infrared

Molds heated to 93-17Z (200-350F) are re- energy and doesn't readily absorb the energy from
quired for pressure forming 10- and 20-mil DuPontradiant heaters. Ceramic heating elements have been

FEP film. With 1-, 2-, and 5-mil films, the use of successful in adequately heating DuPont FEP film
heated molds widens the forming temperature rander thermoforming.

from+2.7 10 5.5C (¢5 to 10F). The temperature of the heaters is usually above
As shown inTable 3, a heating time of 10 secis ~ 649°C (1200F) just to effectively heat the film to
adequate for 1- to 20-mil film, although shorter ~ 260-288C (500-550F).

heatlng time can be _use_d with thl_nner fllms. Th(_a . What does the FEP film do?

dwell time after forming is not critical, provided it is

|Ong enough to COOI the f||m SO that |t can be If t_hel‘e iS SufﬁCient heat intens_ity, the FEP f||m fiI’S'[
removed from the mold without distortion. wrinkles, buckles upward (against gravity, thermo-
expansion, and relieving of stresses) and then tends
Table 3 to straighten out and finally free downward and
Optimum Conditions for Pressure Forming continues to sag.
Film Heat | Dwell The FEP film will sag considerably and become
Gauge,| Temp., | Time, | Time, | Pressure, crystal clear at the point when it should be
mil °C(°F) | sec | sec psi__|Remarks  formed, which is easily seen in 5-mil and above.
1 246 (475)| 10 6 60

Minor wrinkles may occur at the first part of the

2 252 (485)| 10 6 60 heating cycle, but should even themselves out
10 254 (490)| 10 7 80 Holes - o .
0 254 (490)| 10 5 100 One test of sufficient heat availability is that if

heat is left on the FEP film, it will continue to sag
Note: The mold for the first set of data is a group of nine 3-in 'ndeﬂn'tely until it breaks from thlﬂl’llng out or

square pouches, 1 in deep. It represents an area touches something beneath it.

increase of about 130% in each pouch. This mold has . . . .

no heating. If it sags to a point and continued heating doesn’t

cause it to sag further, heat intensity is marginal.

Film Heat Mold Heat |Dwvell Deep Draws
Gauge, | Temp., Temp., | Time, |Time, |Pressure, .
mil °C°F) | °C(°F) | sec | sec psi ::n deep draws_],c take advfanta_ge of éhe sag of tlhedfllm.
5 254 (490) | 121 (250) | 10 5 50 or instance, if you are forming a dome or cylinder,

either form into a female mold or up over a male
10 254 (490) |121 (250) | 10 6 80 mold. Forming down over a male mold is more

20 254 (490) |149(300)| 10 | 6 100 difficult (but not impossible) because you must turn
the sag of the film inside-out.

Note: The need for a heated mold is proved by the use of a
disk shaped mold 4% in diameter and 1 in deep heated
with strap heater. Area increase is 87%.
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Detailed Draws _ , _unrestrained piece is exposed to an elevated tem-
Very good detail in the formed part is possible withyerature, at which time stress relieving may distort
DuPont FEP fluorocarbon film. To do so, the FEP the piece. This elongation stress can vary in amount
film must be pulled tight against the mold while still, gitferent sections of a formed piece and can also
hot (crystal clear). vary with different films used on the same mold.
The film temperaturelyield stress relationship will

Shrinkage " S
If the formed shape is stripped from the mold while"leSO have an effect. They can be “normalized” by

hot, upon cooling some of the residual shrinkage gzg‘\?eptrheistgﬂa;;?éhm{ﬂg ﬁg?gﬁ%%s ?éc?etsvrirl]lpl:? éature
will be removed. Thus, it will have less chance of P

fitting the mold again than if it was completely exposed.
cooled while on the mold. Excessive thinning of film, at times to the point of

) rupture, can be experienced when forming in molds
Webbing o _ with a high ratio of depth to width of draw. A radius
Webbing can take place as the film is formed. It is g the edges of the mold will help the film accom-
related to mold design and caused by excess mat@nodate itself to the draw by making it easier to
rial not having a place to go; so it folds over on  «flow” over a corner. Thickness of original film, its

gself. Jhis is most common with male molds in  temperature, and rate of draw are also important.
eep draws.
P An insulator such as TFE, glass, or wood (vs. a

By placing a ring around the mold or small shapesconductor such as metal) may offer some advan-
at the points of webbing to take up the excess filmtages in surface appearance. Many times a metal
this foldover can generally be kept from occurring || give a finish with optical distortion in it, while
in the formed shape. TFE or wood will give less distortion to the part.

Mold Materials Mold Design

Metals, TFE, and glass are the most frequently usgtkhe formed part has straight sides, try to design the

mold materials. Plaster, wood, and lower tempera-mo|d so the formed part may be easily removed.
ture plastics may be used for several formed parts, if

T
they are masked from the heating cycle, but may Forming into a female mold may offer advantages
char under continued use. in removal vs. the tight fit of a formed shape over

a male mold without tapered sides.
thes on _Thermo_forming _ vacuum Holes
As in a molding operation, after cooling to room  \/cyum holes should be as small as practical:
temperature, there will be shrinkage of the formed v, i, maximum Yes in preferable
piece. The amount of the shrinkage will depend ' '
upon its temperature at the time of forming. A Mold design may allow vacuum to be drawn
shrinkage allowance must be built into the mold. through slits, a preferable method for gaining detail.
In the case of DuPont FEP film, the allowance will \;5c,um holes should be located at strategic spots to
be 6-8% depending on expected temperatures of | the film in all crevices. Not every low spot or
the film. crevice must have a vacuum hole, but a sufficient
There will also be variable stresses in the piece dugumber should be located to prevent any bridging
to the elongation of the film during the forming ~ of the film between high areas of the mold.
operation. These are not usually apparent until an
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Most Commonly Used Forming Techniques

STRAIGHT VACUUM FORMING VACUUM FORMING WITH
FEMALE MOLD PLUG ASSIST
Heater
Sheet Plug Heated Sheet
/Clamp Clamp - sheet
N
Female _ Moid
mald Work -
Work table .
table
Vacuum Vacuum
DRAPE VACUUM FORMING MATCHED MOLD FORMING
MALE MOLD
Heater Clamp Ram ¢ ]

fbﬂﬂﬂniﬂ_!? Plastic sheet w Male form
Mold \‘/ Seal Trapped air vents
D 7 C
. . 2

Vacuum

. ' " ... .‘ o -..
Female
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Less Frequently Used Techniques

PRESSURE FORMING w PLUG ASSIST

FEMALE MOLD VACUUM SNAP-BACK FORMING
Pressure Heated shect
,'_'] n l . forming air oo

\__/ /s L

—Mold
cavity

Vacuum Vacuum Vacuum box
AIR-SLIP FORMING PRESSURE FORMING - FEMALE MOLD
Blow plate Hot piate Air on
Clamp  Heater Sheet Sheet
»

i 3
p o

mold

T

Vac. or atmoesphere

AIr entering Vacuum applied

BLOWBACK FORMING WITH PRESSURE  Air

Clamp L
Mold - Force
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