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A Family of Resins With
Unique Properies

O Pont preduces a family of fluo-
rapEohymear resins to mest o wide
ranges of demanding end-use
raquirsmants. They hove gainad
widespraad recognition for thair
urque proparties and dasign
varsatility which ara halping to
solve sorme of indushng's toughest
rratenals problems Commen fo
all Du Pont fluoropahyrmars ane:

* Dutstanding chemical resistanos

* High-fernperature resistance

* Anfi-stick choracterstics

# Excallent dielectric propearties

* Cutstonding resistance fo
weather and aging

A summary of fhe physicol
proparties of TEFLON® flucno-
carton resin and TEFZEL® flucro-
polyrmer resin is shonem in Table 1
o page 4.

The Melt Processible Resins
Thea malt procassible fusropolymar
resins axtand the product line oy
prewidding the desirable propertias
of TEFLOMN® PTFE fluorocarton resing
in products that can be procassad
by cormvantional tharmapleastic
tachniques, such as injection
rmiclding and extrusion.

Applications ancormpoass thoss
whara designans and and users
recquire a tharmoplastic with exceal-
lant chermecal stability, dislecitic
properties, anfi-stick charactenstics
and mechanical strength for use
In exirerme high- and kow-
termnperature envincnments.

This varsatile farmily of melt proc-
essinke flucnopaobyrmes nesing s
avallobe frorn Cu Pont to rrssset
spacific end-use reguirements
and processing reecs:

& TEFLOM® FEP flucrocaran resin—
TEFLOM® FER is roted for servics 1o
A00°F 204°C and retains the
chemical resistance and dislac-
fric: strength of TEFLOM® PTFE
fluarocarson resin,

Melt Processible
Fluoropolymers

& TEFLOM® PRA flucrocaian rasin—
TEFLON® PFA is & pramium par-
formancs masin with good rmal
procasting charachanstics and
unigue tharmal statsility. It ofers
high-tempsratura strength and
stiffriass: excallant strass-crack
resistance: high fax life aond
excallent alectricol properties
115 high fernperature sendice
rating is SO0/ 280°C and if resists
virludlly all chermdcals

® TEFZEL" flucropalyrner—TEFZEL”
Is o strong, tough miaterial with
chemical resistance. slechical
properties and aging resishance
approaching those of TEFLON®
flucrocarbon resins, Roted for
use fo I0Z°FM50PC, TEFZEL® has
excellent processing propartiss
using cormeenticnal thermopkastic
technigues.

Fluorapaby mear rasing are differant
from st othar tharmoplashics
since they have highar mealting
points and higher maelt viscosities.
Accordinghy, TEFLOMN® and TEFZEL®
require relativaly high processing
tarnparatures and slow injection
rates Special considencticon for
mald design is meeded because
of the molding charactenstics of
thase resing, also, process egulp-
mant needs fo be constucted of
cormosion-resistant moteriols

Therrnal Stability

The floner rate, defined as the
nurmiber of grams of molten poly-
mer that flows through the arifice
of g rheomater in ten minukas,

is imversahy proportional o tha
visoosity of the moltan polyimaear.
Lise of a heated, insulated, and
thermrnastaticolly confrolled labor-
atory melt indexer [comprising a
cylinder ond a weighted piston

capable of forcing rmalben resin
thraugh an orfice of the bottom
of the cylinder) pemnifs occurate
measurament of flow rofes for
TEFLOM® and TEFZEL" resins:

(S Table 2 and Figune 1)

since themnal cegrodation
of polymenc matenals is a fime-
tempenature dependent pharom-
encn. cansful measuremeant of
the incraeqse in the flow rate of a
Erobymer during processing pro-
vides an excallent fachnigque for
rmanitoring thermoal dagradatian
of imjection malded parts during
the manufacturing procass

Tha aflact of tamparature and
hold-up tirmea upan tha low rata
of TEFLOM® carvd TEFZEL™ rasins is
shown in Figunes 2, 3 and 4 on
page & With TERLON® FEP. data
show litthe significant change in
propartias if the change in flow
rafe, due 1o tharmol degradation,
is less thon 10%. With TEFLOM® PRA,
a change of up fo 20% may be
tolerated without o significant
effect on end-use properties. For
TEFZEL" fluoropohyrmars, the flow
rate Moy INChease by 0s much as
S0 without significont change in
tensile or elongation properties of
the resine Such changes con be
measured before any senous
lkossas in impoitant end-produect
properfies ooour, This provides
sufficient time for comective
action to be taken by a techni-
cian so that the proper process
variotles may be oltered to
prevent serious domage fo
production.

Alfhcugh discolarafion or smiall
bubsle farrmation rorrmially indi-
cotes resin degradation, dok
color con ooour In the resin melt
from equiprment comoslon pro-
ducts or from froce amounts of
less tharmally stable resins,
Caontinued operafion ot condi-
tions causing thermal degrada-
tion of the resin con resulf in black
specks or streaks of contaming-



Tabtde 1. Propestas of Fluoropolymers for Injection BMolding

TEFZEL"
ASTH TEALOM™ FEF  TEFLOM® PFA
Propeery Standands Units 100 340 #ali] 200 80 HI-2004
Speciic Seovity [ 215 2A5 1.0 1,70 1.0 184
Niedting Paint CTa-E168 “F 500 e 52 b 512 -
L 250 305 247 267 287 —
Tengle Shength,
TF D36 a1 3400 3600 5,600 6,500 & 00 12000
23rC MPo 23 26 aii A5 a7 az.7
Elengoticn, FFR23°C [k ] % 325 0 00 S0 0o B
Fesx Medulus, 73°F (R o] 200000 0000 170000 10000 100000 9RO000
TFC WP 586 4 1,200 1200 1,200 6550
Handness Curarmeber DZ240 D54 D0 (s F Dad GFz -
Diakactic Constant, D150 202 21 26 6 28 334
1hiHz
Diakactic Shength, (] P
sht tirnee, 10 mil W il 2000 =2 000 1800 1800 1800 425
025 mm K mim 40 a0 Fi i 0 o] 187
Cissipation Fochar, 01:=0 Q007 QL0004 Qoo 0D0aET Q0072 000GEs
1hAHZ
Wolume Rasisthity D257 ahrr-Sm 0 Qe a0 o 1002
Wwioater Abaciplion, 24 hr DE70 % 20004 <003 Qa7 Qg 0.007F QU025
‘Weather Resistance Farica Viaors 20 10 — 5 - =
Exposune  Unoffectsd
Lirmiting Choygan Indlax Cr2had % | 95 0 30 0 -
Fame Rating® uLsd W WO W W W W
Irpact Hmrgth, ;g‘Fc C25d6 -l in i ek nooieck nabeak mobleck nobeak no beeak
. Wm
-S5°F t-iofin el 1.2 25 35 20 -
A Jim 1548 i 1335 1848 108 -

Chermical Resisborsa® "

Excellent in Charmical Sapdos

. This numednicol Tams-spoeccd fofing B rcl inlersd bo et hozords pressnied by this or oy other matesial under ochual flre conditions
“Fefer 80 "Chamical Lee Tem passis Guksa—TERIEL Fussspobsrer” and “TERLON® Pucocarbon Resing—in Chamical Sendce.”

FRRAR AT (-194C)

fion. Since the injection molding Tablhe 2. Typical Aaw Rales (FRY lof Auoropalymess

ternpenatunes required for TEFLON®

and TEFZEL® will decomposse many Average
other themnoplastics, it is abso- FR, grams
lutely necessary that the molding per 10
equipment be thoroughly Resin Grade minutes
cleaned of such materials baetore TEFLOIM® EEP 100 7
mckding TEFLON® flucrocarntsan Measued at T02°F/(372°C 140) 3
and TEFZEL® flucropolymer resing. — agiig Mathod D2116 160 12
should confamination ooour, i s N '
imperative that molding cecse TEFLON® FRA 240 14
until the cause for the contarmina- Measunad ot F0EF3T20C S50 Z
tion is discovered, The equipment  A9TM Mefhod D3307

shiould then either be thoroughty TEFZEL" 210 23
purged or disassembled and Measured at SeFFf2079C 200 7
scrupulously cleaned before ASTM Method D3159 280 4

rastarting the molding process

Resin Flow Properfies

hislt fracture in molten pobyrmer
ooours when the velocihy of the
flowing resin exceeds the critical
velocity { the point where the infer-
rical fliow stresses in the molfen



Figure 1
Fliow Raobtes of TEFLOM® FEF and PFA and TEFZEL" vs. Temperatuse of

Constant Shear Stress— Typloal Vialues
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rasin excesd the mealt sfrangth of
thea ragingd. Although melt froctune
oan ocour with any thammophastic
rratenal, tha cntical walocity ar
which it occuwrs with TEFLON® and
TEFZEL® 15 mniuch lowaer thicn rmost
tharmoplostic moterials. A part
rmolced undar realt frochune oon-
citlons moy honve O cloudhy or
frosty surface, or, In the cose of
TEFLCHI® FEP and FRA, It may

be intemally fractuered or delammi-
nated with a nommally appearing
smooth and shimy surface,

Theee ang thrgs: possitle teck-
nicues for eliminating rmalt
froctung:

1. Reduce the resin velocity by
enlorging the ranmas, gotes,
or covifies, and/or using a
shower ram speed

2. Increqse the critical flow rate
by increasing the melt
tempearatune of the mold
tempanatune.

3. Reduce hadat losses by shortfan-
ing the distance through which
thier resing rovust flioner 1o fill the
cavity [eg. multiple gates).

The three preventive possibilities
are limited as rermedias, howewver,
since too sow an injection rore
may couse the resin to solidify
before the mold ooty is filled.
Als, there ane lirnifs os o how
rrasch the mold area may be

enlarged without adversely affect-

ing the design. Moxirmum mokd
tempsrature is limited sinoe it
directly offects product pararme-
ters like ejactability, sufoce finish,
warpage, shrinkage, and crock-
ing, while moximum medt
tamparature is limited by resin
dagradation.

Figiung 2

Parcanl Incr@cise in Flow Rabe of TEFLON™ FEP 100 with
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Althwugh it is possible to injection
rrald TEFLOHM® and TEFZEL® in ram
e aquipmant, the reciprocat-
iMg SCrEw IMmachins s |ecom-
maEnded baecausa the screnw pro-
ducas a thoroughly plasticated,
uniforrn malt and provides o
miuch mone efficiant transmission
of pressure to the molten resin
flicswingg inte ther rald,

Additional inherent advantages
for the reciprocoting screw
machine over the ram type
unit qre:

1. Fewer sites for passible resin
stagnation.

2 Bether dispersion of filkers or
pigments in the melt,

3. Less resin hold-up time,

4. Higher possible medt ternpera-
furas, with less thermol

e radation.

Materials of Construction

Sinca malten TEFLCHN® fluom-
cartan and TEFZEL® flucropolyrner

Equipment for
Injection Molding

resins are comosive to most metals,
it i mast important that comosion-
resistant matals be usad for all
parts in contifnucus contacth with
the molten resin. The only excsp-
ticn o this rule is for short, proto-
by rurs. Tracas of corasion
products that accumulate on
the metal surlaces can break
awary, contaminating the finished
product, and passibly odvarsaly
affecting physical propertias. It
s suggested that “Hastelloy™ 1,
"Hostalloy" C-276° "Duranickel™,
of “Monal” e used for the scren,
odaopter. and nozzle, For the
cylindear linlng the use of “Xaloy”
3059, "Brux™, "Relloy™ or "Bermex™
s suggested

dince high cperating temperna-
tures are the nule, it is recom-
mended that a high temperature
resistont threod lubricant such os
"Mever Seaz” be usaed to focilitate

ease of moachine part disassemibby.

Bacause the mald is main-
fained at tempeaeratures balow thea
malling paint of tha ssin, the cor-
rasian rafa of the mold sudfocsas

will B bt than for othar parts of
the machineg, Except for long pro-
duction uns, unplated malds of
horchared tool slesl, hardansd
stainless steal, or high quality
chrame of nicks plated matedial
rncly b satisfactan. For lomg wns,
mofa comcsicn-rasistant mataricls
of construction might be cesrcbla

Screw Design

Figure 5 Is o schamatic diagranm
deplcting o recommmanded scraw
design for molding TEFLON® and
TEFZEL® resins, It 15 @ metening type
screw with o metenng section
which occupies 28% of tha tofal
length. The screw should have a
constant pitch and a flight depth
ratic from the feed section fo the
metering section of 3:1, For TEFZEL®

*ShailBa Division. Cobo Comosolion, 1000 W, Pork
Samnun Kokomo I 46501

Arasmatianal Hickal Compary, PO Box 1952,
Bringdon, W 25730,

TKoioy. Inc. I Teemingl Food. Mew Bnunwwick,

Y

Srookes [ Didbung Ll 1, Oildbaey, Wk,
‘Woroeshorshise., BéY 200 Enpland

ooy Mehal GmioH {Retenbduse) Gammany
£24 Tromdor Barrk Hoim, Post Bas 1345,
Heenia A5, OHen, CTH-4400 OHon

Figure &

Schematic of Screw Design for Injection Maolding TEFLOM *® and TEFZEL®

| | METERING
| FEED SECTION | TRAMSITION P AI
o 1 Pich ﬂj\\"/ e
Suggested dimensions ol senew
Daph of ead Drapin of malaring Widih of
Diarraser (D) Piteh (P} sacion {hy) seCfion (fg) lard (%)
ir. {rmrm in. [ ) ir. (mm] in. mm) iF. {mm}
11 (38.1) 1% (3817 0255 (65 0085 (21590 0450 (3810)
1% {44.5) 1% (4451 0291  {74) 0097 (2464) O475  (4445)
2 (50,8} 2 (508) 0330 (B4) 0110 (2794) 0200 (5080)
2% (835) 2% (635) 0420 (10.7) 0440 (3558) 0250  (6.350)




it is recommeandad that g 3-tum
transition zone Ba usad, whila for
TEFLOM® & ta-tum transiticon ssction
is imcommeandad. Althaugh other
sChaw desians hove bean used
sucoessfully, the hwo deasigns
dezcrbaed e ecommencded.

MNozzle

Figure & shanes a comvanticnal
hpe, reversa taperad nozzle
recommendead for TEFLON® fluonc-
caron and TEFZEL® flucropabyrmear
resing The bore should be as large
as possible and faperaed fo pra-
vant dead spots of rapid changes
ine resin walocity, The sproe shoukd
extend Into the nozzke ¥ to 1in./
13 1o 25 i fo present fonrma-
tion of o cold slug. An included
angle of 47 is suggested to parmif
the miaterial in the topered por-
tlon of the nozzle to be withdrown
with the shot, To decrease the
possibility of peening the nozzie
bore, which in turm could prevent
remiowal of chilled material from
the nozzle, it is recommeandsad
that the radius of the nozzle wifice
exit be 10 mils/0.25 mem as indi-
cated in Figura &, To provida a
smooth, unintemupted flow path,
tha nozzle bora must match tha
adapter and be equipped with
its own saparate haater and
tarmparatung contiol,

Non-Returm Yalve

The ran-raturm or chack ring wahe,
shown in Figure 7. prevents the
rmciten rasn from fowing back-
ward akong the scres flkghts during
the imjection process. The ficn path
rrasst De streamiined aond the joint
betweaan the vahe and the screw
rrust be snocth and tight In order
to ovold areas of stognant resin
fiow or holduge. The tip of the screw
should b= pointed fo provide o
streamilined flow path for the resin
and to reduce the fres volume in
front of the screw after injection

A lecking vahe will couse poor
contral of part packing and
toleronces.

Figura &
Cormeanlional Reverse Tapensd Nozile
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Smear Head

A smear head, Figure 8, which
can b used in place of a fon-
retum vahee, 5 0 device that uses
a small diarmetral clearance with
the cylinder cver on axtended
land length, thus restriching
bockward medt fiow during the
injection stroke of the screw, Whan
the screw is retating during retrac-
tian, the melt is forced fonword
throwgh o namow annulus: fhis
shearing or smearing action
increases melt tempenature,
improves mixing, and reduces
aeffactive packing pressure, The
smedr head may be preferred
over Tha non-ratam vahee for
the following recsons
® Lass tandeancy for rasin stagnation
® Lower possibility of overpack-
ing the mold (with attendant
dedarmination for TEFLON®)
® Ladas fendency o form streaks in
the molded part
& Lass ooroshon on mlotively soff
Corrosion-resishant olloys

It is suggested that a check ring
ror-retum valve be used when
injection malding TEFZEL® 210, due
to the resin's lower viscosity, When
mlding TEFLCH® FRA and FEF ar
TEFZEL™ 200 and 280.q smear
heod would normally be used in
place of the mor-refum vohe,

Check rings moay be con-
structed of Hastelloy C ar Monsl
A00. Sines Ao indastructible mate-
ficall of construction for check rings
i5 kAcawn, weanng of the check
iy should Ba moniltansd.

Temperature Control

It is recommeandad that threa indea-
pandantly controllad heatar 2onss
b used for the oylindar and ona
for the adapter. A sepdanate con-
trasller should e used on the nozzle,
The hiecter controllans must b
capable of accurcte ternpearatung
contrl up fo FO0PFSAT %2 for TEFZEL®
and up to BO0°F/427°C for
TEFLCIM® FEP ancl PEA. This lensal of
control requines a hecter wott
density of 30 to 400 In3f4.6 to

6.2 Wiom?,

SMEAR
/ HEAD

Hydraulic System

When injachion molding TERLON®
fluorocaron and TEFZEL® fluora-
Eofyrnar rasing, it s offen necassany
fo use an axdtremealy slow injection
rate in orcker o anoid aeither sufacs
or intermal relt fraciune, The
hycdroulic systern, therefone, should
be copable of producing a very
uniform and controlled ram speed
Qs slosw 5 &0 seconds per shat, &
higher infection rate is permissible
with TEFZEL® 240 since it doss not
melt fracture s readily as other
fluoropalymens. Thus, fhe ydraulic
system must be capable of pro-
ducing high rates of ram speed as
wiedl Qs very [ow rates
Streamilining

It is mast important for the entire
N path of the resin through the
maching to bs sfraaomilined and
that thame ba no araas of stogna-
tion, Lecalzed haldup, such as

micry exist in the non-returm valve
of o reciprocating scréew machina,
can laad to thermal degradation
of the rasin and unaccaptatls
production.

Sizing Injection Machines

Ir conjuncticon with e waight of
the part and the unner, these
et censitias should De Sonded-
afed for odeguate injaction
racchine size af ool processing
conditions:

—for TEFLCW® FEP cnd PFRA,

~0.054 IbsfIn® {~1492 Kg/m?*)

—for TEFZEL* ~0047 Ips.fin?

(~1298 Kg/m?)

Clamp tonnage shoukd be appro-
pricte to cavity mold pressure and
the area of the mold cavity which
will copose the clomp fonnoge.
One expects thot a clamp pressure
of § tons/in? of projected area
shoukd b2 adequate for malding
paarts fram Do Port fluces pobymerns.



Mold Design

Materials of Construction
hMaokd covitias can ba constructed
from comosion-rasistant materials
such as Hostalloy C, Maonel, or
Duranickel, but thase matenalks
provice a degree of corosion
resistance far gredter than is
usually necessary. Should unpro-
tected tool steal or hardened
stainless steel be used, the mold
should be thorcughly cleanad
before storoge with o modenately
alkaline maoteriol {e.g. ammaonia
woter]), dried, ond coobad with a
rust preventative fo avoid rusting
ard pitting. This procedure is par-
ticulary important whene high
hurmidity conditions presaail, Rust-
ing and pitting may be avoidaed
by plating the mold with aither
nickel or chrome {chrorme shoulkd
fot be usad with TEFLON® PFA) fo
a thickrness of % 1o 1 mil/0.013 to
0.025 mirm; to avoid stripping the
péating from the mokd, use a high
quality plate devoid of pinhalas,
Sprue Bushing

The diarmeter of the sprus bushing
shiould b ot lecst e ing 1.6 mm
greater In diarmster than the main
runner and just gightly greater
than the nozzle onfice. Geanarally,
a standord taper of % or %2 inf/ 4
or & mmy'm |5 wsed.

i

Runners

In crclar fa rminimize both heot ond
pressune kssst, largs diometer, full
roianed runirars of the shortest pos-
sibde length should be used. A
spcond prefarance would be
traperoidal funnsns which are
Ul esiar to rmachine thon
round nonness, Runnar walls should
be free of any rastrictions and
should Blend smocthily into the
gotes,

Zemenally, the thicker the molded
part, the larger ond sharfer the
rurner shoulkd e, Parts of average
thickness, up fo approximataly
0.5 in 127 mm, require o runner
diametear of 025 in/d.4 mm ar
largear. Thicker ports recuing the
runrer diometer fo e M fo 1% tha
thicknass of the port. The runnar
length or layout dictotes the

arncunt of scrop produced and
the prassune drop, Both "oolonced”
and “loteral” nunner systems ane
showm in Agure 9, 8 nanner sysftem
i5 "balonced” when the resin flow
distonces between covities and
sprue org equal, When the numiber
of covities results ina comples ar
b=ngthy resin flow the "baloncad”
munrner systam is not recommeanded.
A Vlatercl” unner system can De
usad with both shod ond long
rasin flow distances in most
instancss.

Gates

zalas should aither be as large Qs
possible ar aliminated altagather.
Tha land, ar langth, of the gate
shiculd ba kapt vary short. Rec-
tangular fab or fan type gates,
ganancusly flasd inte the mold
conify, ana prefaraed over round
ates, sinca they provide a mona

Figure 7

Runmer Systerms Used in Injection Malding

LATERAL RUNMER




effective means of reducing stress
in the resin, Round gates gemarally
org eosier o rermove from o part
but do not permit the sarme degres
of independent control of coavity
fill and gate freeze-tirne Qs nec-
tangular gates do. The thickneass
(diometer) of the gate should be
Y o x the thickness of the part,
Transitions fraom the runner o the
gata to the part should b= smooth,
with ro abrupt changes inthe
diraction of rasin flow.

Diaphragrm o ring gotes can
ba used for molding cylindrical
parts whara concantncity is critical
of whene wald line: cannot be
foleroted. Finpoint gates should
be ovolded except when malding
srmall parts which are injected
wary rapldhly as with TEFZEL® fluc-
ropolyrner resin, Tunnel gating, as
shown in Figure 10, con also b
used for TEFZEL®

=ate locations should be at the
following points:

® Where the parf will not be highby
stressed by bending motion or by
impact while in use,

® 55 that weald lines ooour in non-
crifical arsas.

& Wharewear finishing the gote
site would Bea unnecessary o
iInExpensive.

* A af nedr tha thickest section in
order o minimize sink marks and
To cvtid pushing resin throwgh o
thin sgection to fill a thicker one.

* Af locotions consistant with vent-
ing requinernents (wents ae
normally requined at wald lines
of ot the bottormn of blind cavities).

® |r fhe center of o circular part.

Figure 10
Tunnel Gate

N

<
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Other Considerations

When the necessany funchional
and appeanancs reguisments of
the port hove Baan astablished,
the finol part design should be
ke with The following consid-
ergtions in mind:

® (Sanarous Tilleting.

® Strecmlined angles and infer-
sactions.

& Liniforrn wall thickneass {if different
willl thickmesses are raguired,
blend a2 gradually as possitle),

# Simnplicity (the owanall dasign
should be kept as simple as
passiblal,

In addition, the following are
good practices for considanation:
® Post-maokding operations such as

crilling hales in the part cre

usually preferad fo the incompa-
ration of pins,

® The numiber of covitlas should
decraase as the complesity of
the part increcses,

Lok drvells Compary. Ker-Cand Ronch, Dorssar, S0 80547

® Jatting. the rapid flow of a thin
résin stream acnoss a mold covity,
shauld be avoided.

Mald Heating

Althiough a mold can nommally be
Fezated by use of o high termpero-
ture circulating il heater, when
an injaction malding process
raquires a mold temperature in
aexcass of 375°F191°C, electrical
hacting should be usad. Both
halves of the mold should be
Insulated from the platens to
reciucd hadl [osses. Shasts of
"Tronsite’” board® 0.25 in,/5.4 mm
thick are satisfactony for this
AN,

"



Dimensional

Considerations

Tolerances

The achievermnent of Close taler-
ance malding is contfingent upon
precise control of operating
parameters, such s resin feed
rate to the oylindern, oylinder ond
melt temperaturs, ram or sorew
spaad, prassure, and the ocwarall
cycle, all of which must be kept
constant. Mald dasign is also a
critical factor in mesting specifiad
tolarancas.

In vy manufocturing process.
s tolerance regquiremeants fightfen,
the process becomeas more come-
plex and adgpansive. Genanally,
plastic parts are capable of func-
foning with wider tolerancss than
rmatal counterparts bacausa of the
highar inharant resiliancy of plastic.
Figura 11 shows soma suggastad
folaranceas for plastic parls.

A Terw generdl Somrments and
cauticns rekating to tolerances arne:

& Tolorancas should revar bea
specified closer Than Necessan.

& Cost INCreasns whan Chosa
fodenances ane spacified on
senveral dimensions of o part,

& Do niot spascify close toleranons
for parts with rajor varotions in
wall thickness.,

* |tis not good practice to specify
fine folerances across o parting
line or for dimensions controlied
by movable cores or sliding coms.

Table 3. Estimated Maold Shrinkage

Thickreass of
Malcled Arfiche Ehmnimkage

i, Croem}  ils/in, {mimym) %
1/8 (3.2) 35-40 3.5-40
1/4 (6.4) A0-45 A0-4.5
1/2 (12.7) 45-50 4550
374 (191 50-60 200

Shrinkage

Listed below are the basic factors
affacting the shrinkage of parfs
injection molded from fluong-
pohyrmars:

* [Mcrecsng either part thickniess
af frald termnpeactung INncreases
the part shinkage. since changes
of this motune resulf In a slower
cooling rate for the part, which
In fum produces a higher level
of crystallinity {order) along with
sornie relowotion in infemol
siresses.

* Most phoshic ports exhibit direc-
tiomal shrinkoge differences
part shrinkage is kewest inthe
directicn of resin flow duea to
thee relatively high degres of
malecular criantation in that
direction. Gaensdally, thea straight-
& thea path, tha lowear the
shrinkages, which laads ta the
conclusion that it is advisable to
design tha part and locate the
gates 5o as to create the
straighitest fiow poath in that
direction having the greatest
restriction upon dirmensional
toleronce,

& An Increcse in injection pressuns
Couses a decraqse in shrinkoge.

® Zanerally, poarts molded ot
higher stock termmperaturas will
exhibit higher mald shrinkoge.

® The ccdition of filler material
reduces part shrinkags.

& Tabds 1 shows estimatad mold
shiinkage warsus thickriass fof
TEFLON® FEP and PR

® Figure 12 shows astimated mold
shififkcice varsus thicknass for
TEFZEL®.

# Figura 13 shows astirmated mold
shfinkage versus mold fempen-
fhure for TEFZEL®,
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Shrinkage Allowance

M aceurate part dimensions ane
required, shrinkoge allowonos
shiould be determined by test
rckding the part in question. Listed

Figure 12

below are the steps recommeandead

Tar construction of a mold:
1. Maochine o single coviby in the

production mold base using the £

specified dimeansions for the

Mold Shrinkoge vs. Thickness for TEFZEL® 200

Fli]

5 B &

] Ll
= =

Mokd Shrnkage, mils/inch {mmm)
=

Flove Dineclion

25 3
Thickness, iInches

Maold Termparature = 200°F

I
5 1.0

'

Mok Te re = 425°F/330°C
.mmm . 1n.m£ psl/ 70 MPa

cavity and oversized dirnansions

for maold parts which form the

insicle dirmensions.

FAochine tha sproe bushing and

all tha rufnars up to the points

wheare future production cavities
will Ba insarted.

3. Parform sevaral trial moldings
with the single cavity mold and
clatarming the bast molding
conditions for production of
satistactony parts.

4. Chack the dimensions of the
rmokded arficle after it has baean
raintained at its expected
operational fermparature for
24 hoars,

& Use the shinkage data oblained
from step 4 fo design the proper
dimensions for the production
covities

& Machine the production coavities
to the comect dirmensions and
insart them into the production
mold base used for the singbe
covity test mold.

7. Without altering the nunners or
gotes, mold o part under the
prenviously estoblishad conditions.
Ay compensation required for
dight differences in dimensions
can be accomplished by sight
wariations in the molding
conditions.

13



Heat Treating

Heat frectrnent or annedling, s a
process which minimizes the
shrinkoge experienced by a port
during Its operationol Iife. Anneal-
Ing consists of exposing o molded
part fo o temperabune slighthy
higher [opprosirmately 10-157F/
5-8°C] than ifs infended operating
temparature for opproximotehy 15
minutes per 0125 in,/3.175 mm of
part thickrness and than cooling
viary sowty: the time is measurad
from the point ot which the part
reaches the desired tempearature.
The slonwe cooling allows relaxation
of intarmal strass, thus minimizing
ary dirrensional ehanges Suring
tha sarvice |ife of the part.

The actual amount of additicr:al
shrinkage induced by annealing
is a function of mold fermpearatune,
i, the hotter the mold, the less
shrinkage B seen upon annedling
thie part, This suggests that if the
miald temperatune were to be set
at o point higher than the serice
temperature of the parf, no
additional annealing would
be reguined,

EXAMPLE: Fgure 14 shows tha
relationship batwaan shfinkage
induced by heat treatmant and
micid femparaturs; in this axamiphe,
fhe plogque shown in Figune 13
had been heat aged for 72 hours
at 300°F/14%°C. The dafa shone
that additional shrinkage induced
by heat traatmant approaches
the crdar of 010% as the mold
temperature approoches 275°F/
135°C.

14

Flgure 13

Mcld Shrnkage va. Mold Temperature for TEFZEL ™ 200

Mobd Shrinkage, mils/inch {mmyim})

Figura 14

Madd Terrmpanature, “F

Part Thickness 0,125 in/3.2 mm
Mel Tempenature S25-450°F 330-345°C

l=—50in. —= _JL
(;-nra T} == == 4250n.
I0in,
Mold Tempanotune, *C
100 125 150
70 | | i
&0
B0l
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40 Lo
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n'l"'l‘l“.
— g
20 Ficrwr Direction
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| |
200 250 300

Injecticn Pressure 7,000-10,000 psi/50-70 MPa

Shrinkoge offer Heat Treatment vs, Maold Termparatune
Tor Plosgue of Figune 13 (TEFZEL ® 200)

shrinkage due o heat freating.
mésinch or mmy/m
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il \
10 Flow Direction

Mok Termnperature, “C
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Inansvense Direchion

200 250 00
Meld Termperabung, °F
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Shutdown and Starfup
Procedure

If molding equipmeant is fumed off
without following proper shutdonn
procadunss, resin degradation
Py SoCUr A sevens Somosion
of thia equiprient could also result
if the equiprment s construched of
ron-comosion resistant moterials
Whaan ovemight shutdown without
claanup is cesined, the folbow-

ing shutdown procedurne s
recommanded:

1. Reduce all temperature con-
trolless fo the following leneals:
o)) SO0PF 31670 for TEFLON® FRA

of FEP flucrocarbon resins
k) SEOPF/2847C for TEFZEL®
flucropohlymer resin

2. When all temperatures have
beaen dropped to the levels
indicated in Step 1. purge tha
machins to a dry conditicn,
l=ave the injechion scmeme in thaa
foreard positicn, and finalby

shiat off the powear supply.
Tha rastart proceduns i3 o follows:

1. Starting with tha tempearature
contrallars for the nozzle, then
for the adapter, then the rear-
baral, followed by the front
baral and finally the middie
barel, saquantially raise all the
tempeanrature conftrollars ot ecch
zone to the following levels:

o) S00°F316MC far TEFLOM® PRA,
of FEP
b7 S50°F/ 284%C for TEFZEL®
A heat sook of 1 howr may be
mecessary to melt all resin ond
heat all metal components fo
thiese et fermpearatures

2. Start the maching slowly affar
all tempergtures hove stabilized,
setting the temperature con-
trollers to openating lewvals.

4. Commence production whan
operating femparaturas have
been reached

Molding Operation

Cleanout Procedure

The following steps outline o sug-

gested cleanout procedun:

1. While maintaining openating
termiperotures, star rotating the
sorew and confinues fo rofate
it until thie resin ceasas to flow
fram the norzia.

2. Reduce cylinder termpearatures fo
the following evels
&) G00FF/ 31470 for TEFLOM® PRA

or FEF
by S50°F/284°C for TEFZEL®

3. Skt aff the screw and remove
bBath the nozzls and the adapter.
Ba sura ta claan the noszle,
wihila it is hot, with a soft meatal
sCraper and coppear mesh, Ovean
bumeout is not requined and
should e avoided.

MNOTE: At this point a purga come-

pound of ground cost acrylic or

polyethvierns moy be used whan

rnclding elther TEFLOM® FEP o

TEFZEL® resing.

4, Showhy rernowe the ot scresw frarm
the cylinder, cleaning It with a
wire bnush,

&, Clean the insids of the oylindar
with comper mesh wrapped
around a boiler fube brush for
a tight fit; then wipe the cylinder
clean with a lint-free clath,

When operating in equipment
constucted of corosicn-resistant

mietal, it is permissible to leawe g

purges (aither ground, cost oondic

o potyattylans shesting ) in the

adjuipmant ovamight without

danger of damags to the metal,

Basic Operaling Conditions
Typical basic opsrating conditions
are listad in Table 4. Same addi-
tional basic guidalinas are listad
bEelonas

Ml Temparaiune

(masin leaving the nozie)

* Dacreass the melt fermpearature
as holdup time s increosed,

® Punner, gote, and onfice size
are addifional foctons fo be
considenad,

Termnpearatura Profilas

* When operating with high melt
temparature and a long holdup
tirme {10 fo 15 mins. . the rear
zone should be set ot g Iower
termperature than the frant
Zore in onder to minimize rasin
degrodation.

® 'Whean opsarating with short hold-
up times, the temperature of the
front and rear zonas should b=
sat at tha sams point.

#® Tha location of tha haatar thermio-
couplas, the machineg size, the
spaad and the typea of tha injec-
tion scraw, shat siza, and cyela
timea ara additiondal factons for
consdaration,

» Oecasionally, high melt fempear-
cituires result frorm meachanicel
working of the resin rmwelt,

# |f the termperctune of the near
zone Is oo high, Bridging mmay
ooour, resulfing In ematic feed,

# |If the termperctune of the rear
zone i foo low, high forque loods
created by the partially melted
resin could couse the screw
to stall, thereby reducing the
plasticating copacity of the
squipment.

Injection Speed

® Allowable ram speed is dictated
by the smallest channel through
which the molten resin rmaust poss,

* A rough or rippled surfoce indl-
catas an inappropriate injection
spes wias used, If sufoce
Oppearancs s rough or frosty,
Injection speed was foo fost:
and cornarsaly, if o rippled sur-
face results, the injaction speed
wias too show,

® Shat size, rmalt tampenature, ond
micld fernperature are additional
factors for considenation.
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Injection Prassure

#® Injaction pressune shoukd mammally
be 03 low a3 possible.

& Lo Indaction pressure reduces
frozen-in stresses and Improves
dirmenskonol stabllity,

& T rechuce sink rmarks o irmprowve
weld lines, infection pressure
should be increqzed,

& Equipment and port design must
also be considerad.

Screw Rotation

® Senerally, screw rotation should
be os slow a5 possible.

# High screw speeds, combined
with the appropriote bock pres-
fura, as usad occasionally to
produce Righ malt tamparatunes
nacassary for the maolding of
long, thin parts.

Mold Temperatune

# Extramaly hol molds should not
normmally Be used for thick-wallad
sachions

* Whan the resin low path B ong
ralctive 1o the part thickmess,
higher than nomrral mokd termn-
paratures are recuired,

® Increasing mold temperahure
racucas the proabllity of
delamination {of TEFLON®Y,

= When adiusting mald fempena-
tune considerction should be
given to intersloted poraometers,
such as part geometry, suifoce
finish, pressure drop., effect upon
cycle time, stressas, ejectability
of the part, and shrinkage.

Bock Pressure

® Bock pressure should normally
be kept s low ai postibla.

& |ncrecsing bock prassune, Fow-
avar, can someatimeas: be an
affectiva lachnigus 1o incradss
the stock termipanatung,

1

Owverall Cycle

Crarall cycle time s influsnced By
a number of infemalatad manu-
focturing variablas, such of process
termperaturas and preassunes, part
gacmatny, tolarancas, woiping.,
and ajectability. Cycla tima B
usually astimated on the basis of
30 to 40 seconds per 0425 in/3.2
rrirm of thickness, Except for thin
sactions, the longest portion of

thie cycle 3 often devoted o the
rarrein-rration.

"Packing™ the resin, which
involvies leaving the ram in the
forward position while under pras-

sure, should be kept fo a min-
imum. Mormally, packing is used
anby whan molding thick sections
te reduca sink moarks ar eliminate
woids Excessive packing usually
results in dalamination of the port
for TEFLOMN® FEF and PRA, but gen-
andlly fat fof TEFZELY. Uss of

a smeaar haaod reduces the possi-
bility af cwvarpacking.

Record Keeping

Typleal formals suggested for
recording rmolkding dofa and for
rrold inspection and repalr infor-
mation are locoted In the “Miscel-
larw™ section of this guidebook.

Table 4. Suggested Malding Condilians far Du Pon Fluoropolymers

TEFZEL®
Example Temperoture  TEFLOMN ® FEP TEFLOM * PRA fuarepalymes
& Prodile flucrocaroon resin lucrocarbon rasin resin
Rear Cylinder, °F G00-4625 G00-630 525-575
b JM5-a0 15-332 273302
Cantar Cylinder, °F G25-4650 425-650 STo-625
i J20-3473 J20-343 302-330
Front Cylinder. °F 700 700 575425
i M am 302-330
Mozzla, °F 00 00 450
5C 37 amM 343
hiald Termpsarcatung, “F =200 300-500 RT-375
i - =03 149-260 [T-190
Hock Tampeeatune, °F 650-720 &50-750 575-425
L™ J43-362 343-399 02z
Injescticn Speed Sleiw Show Moderately Fast
Injeschicn Presure, pal 3,000-8,000 3,000-8,000 3000-15,000
MPao 21-55 21-55 21-103




Reuse of Resin

TEFLOM® FEP fucrocarton and
TEFZEL® flucropolynner rasing oo
be reworkad without significantly
sacrificing the propearties inharant
to the virgin material, TEFLOM® FRA,
b5 been reworked up 1o s tirmes
without loss of tensile propsartias oF
significant increase in malt flow
number. Howewver, when renwonking
rasin a number of important ore-
cautions should be cbhserved,

Resin for rework must be kept
clean since contamination may
change its processing characteris-
thos o Imnpair its propertiss. It s
NECEssony 10 Use Somssion-resist-
ant equiprmant and ta fallow the
proper equiprment cleanup pro-
ceduras, presiously outlined in this
guida, to aid in avaiding resin
contamination.

Renworked resin shoukd be cut to
a size and shope approdimately
equal fo that of vingin resin, A
corventional, unchilled, rotary
knife cutter eguipped with q
schaan is suitable for obtalning o
cut with a minimum of shredding.
If ther cut obtained upon rewark-
irg is too fuffy, it will not feed wall
enough when blended with virgin
rasin 1o parmil uniform delivery,
Fluffy=cut resin should be exfrudaed
a5 becding and cut into malding
pellets

Figrmentation

Baoth TEFLOMN® amd TEFZEL® rasins
may b plgrrentad with com-
mercially ovallable pigrmeants thot
are themmally stable af the mald-
ing ltemperaturas of the resing;
inorganic pigrments are the best
choice. The simplast method for
coloring resin is fo bland the

Auxiliary Operations

unpigrmantad rasin with color
concantrates {ovailabla from

D Pont) although pigmeants may
ako be dry blended by the fallow-
Ing procedure:;

1. Dry thie desired gigment owver-
night ot 300°F142°C in a
VOCULIM CEn Of A non-cirsulat-
ing air oven o mmowes abscred
gasas and msistung,

2 Waigh the pigrment and if greater
opacity is desired, add and
bland the approphiate amounts
of titarnium dioxide pigmant to
tha codor pigmeant.

3. Ploca the resin pallets In o clean
containes, such as the oiginal
shipping carton, and then screen
the pigment throuwgh o 100-meash
screan directly onto the pellefs.

4. Dry blend the oolor and the pel-
lats by raliing or tumbding the
rribchung for af least 15 minutes

&, e the plgrmented resin pellets
within 30 minufes or store them
in an qitight container o pre-
vent the absomplion of moisture.

Thin-Section Molding

Generally it is difficult to injection

micld very thin secticons with rmost

thermoplastic resins, particulary
where a relativaly large suface
ared is involvad.

With TEFLOM®, anything Dealow
0.1 in/2.5 mm may be considerad
a thin saction. When processing
thin sections, a faster ram speed
miust be usad snce o full shat is of
prirmary importancs. Theare is

howeavar, a pradlam in obtaining
Bath a full shot ard a part fres of
delamination. The lotter product
property con generally be cbfolned
only with o show ram speed, an
cparating condition that usually
produces O resin freeze in the gote
of covity for o thincwalled section
batore a full shot con be cbiained.
Therefore, a high mold femperature
in the range of 200°F 204°C s
necassory io minimize the tan-
dency toward delomination.
Packing should not be uwsead, ig.
the ram should be refrocted as
so0n as the modd is full.

Laminations in parts of TEFLON®
FEF and PRA may bacoma appar-
ant in a saction which appears
ard feals smoath whean it is sub-
jactad to aither haat aging or
rapeatad fexing. If a part is to
rmaintain a good, smooth surtace
after baing flexed, it must ba thick
ancugh to parmit a skow rom
S,

Delamination is not o charac-
teristic of TEFZEL* ond the pracou-
ficns needed fo ovold T with
TEFLOMN® are not needed when
micdding TEFZEL"

Glass-Reinforced TEFZEL
Fluocropohlymer

Gloss-reinforced TEFZEL® has the
potential o be produced ona
faster cycle than unreinfarced
resin, since short gloss fibers remain
wall dispersed without straining-out
In pinpcint goted molds used in
the production of veny small parts
Injection molding with reinforcsd
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resin differs frorm the molding pro-
cass without reinforcamant in
TrimEse wicTys:

1. Injection Rate

The injechion rate should ba as
high as possible to produce the
smoothest possible suface, since
Q part molded at too low an
injection rate will hose O suface
with rough, gloss-ich areos. Larger
gates may be requined to ochleve
the necessary ropld Injeciion rotes,
and a higher level of rmold venting
mory e needed since o fost fill
rate hos a tendency to frop alr,
the mold does not have adeguate
venting, frapped qir is rapidly
compressad to extremely high
prassure, producing localized
termparatures high encugh to
scorch portions of the suface area.

2. Injection Pressure ond

Pockout
Glass fiber reinforced TEFZEL® resin
should ba injaction maldad at
ralathsaly high prassure in tha
range of 15,000-20,000 psif 105 fo
140 MPo and packed out at high
pressura untll the mold gate is
completedy frozen. (Thase condi-
tions ore unlike unrednforcead
TEFZEL* which Is injection molded
at the lowest practical injection
pressune with liftle or no packout’),
In the falbrcotion of heaw-walled
parts, oo ow O pressune or indde-
guate packout moy result in o
molded part with either o void or
0 pulpy core.

18

3, Shiinkage

For glass-reinfarced TEFZEL" in the
thickness range of 0125 10 0,25 In./3
to & mm, mold shrinkage is

110 3 milsfin. or mrmy'm in fhe flow
direction and aporoximataly 25-
23 il In. of mmy'm in the direction
transwerse to the flow. Transverse
shrinkoge, which is strarghy influ-
enced by mokd covify pressuns,
can in some instances, be reduced
A0-40% fo 15 milgSin, of mim,/m by
use of karge gotes, nozzlas, sprue
bBushings. and shor runners ta
reduce the injection pressure drop
from the cylinder to the mold cav-
ity. Since the highly directional
nature of shrinkoge in reinforced
rmaterials can produce warpage,
clase attention should be paid

e proper part design and gate
lecation fo minimize the shrink-
age affect.



Simce their discovery, millions of
pounds of TEFLON® flucrecarbon
resing howve been processad at
termperatures in excess of
SE2PFFIS0RC, and subsaqueantly
placed in end-use applications,
miary of which have bean at o
above roted use fempenaturas. In
this period. spanning mane than
forky vears, there hove bean no
reported cases of serlous injury,
prolonged iliness. or death result-
ing from the handling of these
resins. This recond includeas the
sxparience of Du Pont parsonnel,
hundreds of processors, and thou-
sands of end-users who handle
Thess rasing ewary doy,

Howewver, when heated o pro-
cassing termperatunes, TEFLON®,
as wall as other plastics and
organic matarials, gives off fumes
that ore objechiorabla from the
standpoint of health and safety.

Ao, when grossly ovarhaated,
plostics and organic matarials,
including TEFLOM®, undergo some
decomposition aond octual
breckdown In chamical structuns.

Fumes from the pyrolysis of
mary resing ond elostorme s, as
wedl as those from naturally oocur-
ring Eolmers like rubbear, coal, ik,
ond wiood, may e foxic,

Creer the years, much effort s
bean spent at the Du Pont Baskell
Labaratory for Tesicology and
Ircdustrial Medicine in coneful
irsastigation of flucropoblymer
razin. In addition, Du Pont
regaaich labomatories howe shud-
iad intensivaly the thermal
bahaviar of flucropolyrmer resing,

A mumbser of other loboratories,
inCluchng thoss in the United
States Department of Health and
Human Sendces, have conducted
simillar shudies related o the safety
of thiese resing

The knowiedge goined through
these shudies is summarzed in
these publications, which should
be carefully read phor o the
handling or processing of any
Cu Pont lucropobymer: “TEFLOM®
Fucrccarbon Raesins—Sofety in
Handling and Use™ (E-35824-1)
and "TEFZEL" Aucropaiyrmer Resing—
Safaty in Handling and Vs
{E-64073).

The major safaty considaration
for injection maolding fluoropaly-
rmars and other crganic polyrmans
is the installation of exhoust hoods
fer rarmove off-gases released from
hol Eabymars into work aneas,
Exhaust hoods over the die and of
fhie Ropper heotar ane recom-
mendced. Extruding into wotar—
alther o quench fank o o portially
filled container—for punging is also
recommended,

Thee safety in Fandling and use
bulleting mentioned above con-
tain data for the design of hoods
to copiure the goses generated
By injection molding of flucro-
pobyrmer resins.

Proper procedures and controls
must also be maintained o ossure
thiat the malding aparation will
rever excesd specified oparating
tempearctures or sgquipmeant dasign
prassurss. “Blow backs,” gas
releasas from autocataltic paly-
mar dagradation initiated by high
tarmparatunes, are possible,
although the TEFLOM® resins ane
armang the most stable of crganic
polyrrars and therefore more
resistant 1o this kazard TEFZEL® is
much mom suscaptible to aute-
catalytic degradation than the
TEFLOH® polymers, suggesting
extra care and aftenfion fo good
operating proctices.

Safety
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Miscellany

Troubleshooting Guide

Thare arg rary sonablas in the
injaction rmolding proceass which
affect product guality, The follow-
ing toble s o froubleshooting guide
whilch con be uged o help defing
causes of specific protlenms.

it should be noted, howewver, thot
mony injection molding protlems
are compounded by the interoc-
tion of more than one variabbs.
The syrnptoms of more serious
prcblems tend to mask minor cres.
Thaes, successiul roulblashooting
miay raquire caraful cbhsarsation,
and tha tackling of s&venl prob-
l&rms in seguance.

Technical assistance on extrusion
problems is available thraugh your
Du Pont represantative.



Troubleshooting Guide
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For more information on  Teflon® coatings:

DuPont

Teflon ® Industrial Coatings
Chestnut Run Plaza

P.O. Box 80702

Wilmington, DE 19880-0702

Europe

DuPont de Nemours (Belgium)
A. Spinoystraat 6

B-2800 Mechelen

Belgium

Tel.: 33-15-441188

Fax: 33-15-441160

Pacific

DuPont Australia, Ltd.
254 Canterbury Road
Bayswater, Victoria 3153
Australia

Tel.: 61-3-9721-5617
Fax: 61-3-9721-5690

Japan

DuPont K. K. (Teflon® Finishes)
4th Floor, Chiyoda Honsha Building
5-18 Sarugaku-cho, 1-chome
Chiyoda-ku, Tokyo, 101 Japan

Tel.: 81-3-5281-5888

Fax: 81-3-5281-5899

Asia

DuPont China, Ltd.

Room 1122,

New World Office Building
(East Wing)

Salisbury Road

Kowloon, Hong Kong

Tel.: 852-2734-5459

Fax: 852-2368-3512

DuPont Korea

4/5th Floor Asia Tower

#726 Yeoksam-dong, Kangnam-ku
Seoul, Korea

Tel.: 82-2-222-5385

Fax: 82-2-222-5478

The information set forth herein is furnished free of charge
and is based on technical data that DuPont believes to be
reliable. It is intended for use by persons having technical
skill, at their own discretion and risk. The handling
precaution information contained herein is given with the
understanding that those using it will satisfy themselves
that their particular conditions of use present no health or
safety hazards. Because conditions of product use are
outside our control, we make no warranties, express or
implied, and assume no liability in connection with any use
of this information. As with any material, evaluation of any
compound under end-use conditions prior to specification
is essential. Nothing herein is to be taken as a license to
operate under or a recommendation to infringe any
patents.

CAUTION: Do not use in medical applications involving
permanent implantation in the human body. For other
medical applications, see “DuPont Medical Caution
Statement,” H-50102.
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(800) 441-7515
Fax: (302) 366-8602
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