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i%s exoellent thermal stability, high heat distortion vemperatur and flame seel

Righlight physioal mmmmn that have led to the scosptance of
mm are presented, along with a listing of approvals for gﬁﬁmﬁ sovermmnt
and industrial standards. Pabricating conditions are briefly reviewed.

Commercial facilities for producing polysulfene were dedicated im the fall
of 1965. Onme of the early uses for polysulfone was in injection molded integrated
- olrcuit carriers where its heat resistance. stable slectrical properties and disene
slonal stability mintmised damage and handling during the oritical urn-in and testing
operetions. Othe~ uses in the electrioal-electronic market ares include both extredod
and cagt capacitor dielectric files, TV ¢ ~ta and miniature phonograph are commecters.

Automotive ignition and steering colull Yook switches have also besn preduced W
Deloo-Remy Division of Geasral Notors from g¥pss reinforoed polysulfone. The rein-

forcod grade was ssleoted to provide greater iv.zzumoo against eenly oall-backs and
to meet high performance mim- of a new eﬁti-tlmﬁ switoh,
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The apnliance industry hes found molvgil fPore to e well gii'c! for 1se as a
stainless stue! ar plass ieplocement i: enlfecmakors a inice disnensers, FPoly-
sulfone is used A the inner srotective 'iner ir r L6 mos ~itcher, Since nolvsulfone
is not stainec " coffec oils or roo’ broducis the imyenczble originel appearance
of & mercolator it reteined in service. s corocaa! sootrcing or cleaning agpents

are necded, v

A specinl grale of polvsulfone in ~lso emnloved ns n thormeatat insulator in |
the Hoover heir drye..

Nesistance to alkaline clemners anc dotergents recui:ed to remove milv soum from
milking machin- parts led Alfa~Lave. to gpecifv clear nolvsulfone in their milking
machine parts.

Finallv the perfomme 1ccord of polysulfone indicates that it will come clowme
to filling the developing need for n material ‘that will withstand the extreme temve-
ratures recuired for containers in the mess fesding market. A revolutiorn in mass
food nrencration is now underwn wherein food is nrenared in central kitchena, disw
penned fnto Cishes (each holding an indévidusl portion) flash frosen delivered in
refrigeratod veans and thep reheated at voint of use in either miemva or cemveotion
- ovena. DPolvsulfone cesn operate between »‘%ﬁ ' and 40’ T, and 2isbes thmfwa
from thin sheet nerform as aitmsﬁve anﬁ'i‘ng thshw ag well as ecenmieanv '
suitedle packages. “

Polvyaul fone does not immart anv taste to food products. Furthermore. it can be
extruded tad formed on exisitng forming lines provided nrovisions are mado for &ddi-
tiomal heating of chill rolls molds and enmder. High crmacity hopver d.rvors or
high tempersture molding rooms are neeade. to remove residuel absorbed atmospheric
®oisture. Suggested conditions for precessing nolyvsulfone into dishware are listed,
Mong wit) operating vesameters for the finished dishes.




-3-

In the seven vears sinca po!

rsul fone became available on p commercial s
it has grown from a thermoplastic

selected mainly for itas
material which brings menv outstanding feature

Because of its Juperior properties.
epplicetions. It is elgo recogniszed
because of the ecologionl and

ale.
heat resistance to a

8 in solving design probdlems.

it is replacing manv other plas ics in numerous

a8 ~n excellent renlacement for various metals
economical ~dvantages it offers,




Union Carbide developed and started commercial production of
polysulfone® copolvnier (referraed to hercin ag “polysulfone”) in late
1965, just seven years ago. Thig presenration will take you through the story
of polysulfone from rhe begiaming. It is an interesting story because it is an
imeresting product. We will have the apportunity to see now such a product
progresses in the marketplace from its introduction to a position that can now

be deacribed as on the thresiwld of total commercial success.

alfone is an unusual material. We often use the term "sngineering
Hastic' to describe it. This term desige

fone s the atrongest, moet heat resistant, most oxidation sad flame
it of all melt proce:

used in several comnmercial end-uses. let us look briefly at its chemistry. Ia

an obvious over simplification, the patented process for producing polysutfone
consists of a two-step condensation reaction between bisphenol -A and

4, 4 -dichlorodiphenyl sulfone. 'The reactinn takes plau; ina salvem mﬁ&m

Cm et bl

*Polysulfone copolvmer is a prnpriemr\ prnduct of l‘nmn (‘u'bide Oorporation

sold under the trademark UDED ..

i
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HIGHLIGNT PROPERTIES OF POLYSUI.FONE
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Slida 21 Polysulfone Structure
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and is terminated when tre desired molecular weight 18 artained. The polymer
solution is then washed, fillered, concentrated and pelletized o pro-iuce the
final product, ‘The most popular grade in the imlustry is P-1700 which is
suitable for both molding and sheer exirusion. {Slide 2 Polysulfone Structure.)
Usually speakers extol only the virtues of a product. Limitations are
omitted or at best mentioned briefly. But we will depart from tradition and
first mention polysulfone's limitations. The first of these is ite cost. The
base price of polysulfonc in the U. S. s about one dollar per pound - - near the

high end of the riﬂe for commercially available thermoplastics. Therefore ;

polysulfone is oficn considered last, usually after lower cost plastics or other

‘ wanting. However, polysulfos
~ basie costs &45 U, 8. cents per cubic inch, which puts it just
ine die~casting alloys and gives it a wide advantage ST tad
steel. As you will sec tas:aé', many of polysulfone's apﬁueuﬁmt rosult from

ig these metals, and economy turns out to be the reason for its selec-

fone is affected in varying depree by some classes of chemicals and

It is softencd by certain solvents, inciuding ketcnes, esters,
drocarbons and chlorinated hydrocarbons. The other problem is

stress cracking and crazing. This effect can be largely offset by proper part

design (by avoiding notches, sharp corners and other stress c:méeatutera)
and by minimizing fabricating strcsses ghrough the use of heated molds at
1499 - 169°C.. [300° - 320°F. ], large gates and runners, etc,). The addition
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of glass fibers at loadings of 10 Pereent and ar serves o relnforee the molded
piece and to minlmize stros cracking and ot asing problomis,  In most
instances polysulfone wili not proscnt drobloms of this natro. It is resistamt
to most food chemicals and 9ils, Huoracarbons, acuds, hasces, detorgent amd
soap solutfons, organic fluxes and flux removers, kerosene, mincral spirits,
heptane, naphtha, carbon retrachloride, and methyl, vthyl and {sopropyl

alcohols.

One further caurion. Polysulfone is not recominendad for ourdoor use,
It degrades quitc rapitly unless it is protected against aitack from ultraviole!

stability. its hoat distortion temperature ts 1740, (345°F.). Underwritors

Laberatories lists potysulfone for continuous use at 150°¢

Most early applications for poiysulfone

were considered because of its
heat resistance, Usually it was some ptece of hardware, oftem clectrical or
clectronic and normally small and inrricate, lixamples include conmectors and
switch housings where miniaturization required precision moluing and
excellent dimenstonal stability. Another typlcal application was integrated

circult carriers. Thesc small and iniricate parts protect the delicate leads




and hold integrated circuts Juring testing and “burn-in® opcrations where test

temperaturcs rangc from -i00° to 150°C. (- 1487 10 30200.). (blide 3:

Integrated Circuit Carriers.) ihe carricrs were originally made of diallyl
phthalate, but this matcrial roquired reansfer molcing. Polvsulfone provided a
way to reduce fabrication costs. L was the only thermoplastic that met the
stringent requirements of this appiication, which also included excellent
dielectric properties.

Polysulfone's heat resistance can olso be measured in terms of ther mal
endurance. Under long-term aging, some properties actuelly improve. For
instance, after two year's continuous exposure at 1499C. (300°F.), tensile
sirength at yield increases from 10, 200 to 13, 000 psi.  Modulus of elasticity
and heat distortion temperature also rise appreciably, while electrical
properties remain constant.

it was heat resistance that helped get polysulfone into its first big

consumer application -- electric coffeemakers. (Slide 4: Clear Coffeemaker.. )
This coffeemakcr has a clear polysulfone body. The term “clear” is used %
although polysulfone resina in their natural state produce transpareat moldings i
which are light amber in color. Polymers of water -white transparency have

not yet been successfully produced.

The coffeemaker application also capitalizes on polvsulfone's resistance
to boiling water and to staining - - normally a severe problem in brewing

coffee. Unlikc such plasric dishware materials as urea anu melamine, poly-

sulfone presents no stalning or cleaning problems. It {= unaffected in applica-

tiong such as this home furnace humidifier (Slide 5: Home Humidifier), where

it is alternately exposced to wet and dry conditions under varying temperatures.
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At room temperature it can be vsed in a water environ ment under a continuous -
ly applied stress of up 1o 3, UOU psi and at inicrmiuent stresses of 3, 500 psi.
As the teraperature increases, the maximum recommended working stress
decrecases,

Other applications that require resistance to staining include reservoirs
for hot and cold beverage dispensers, and as introduced carlier this year, the

first plastic liner for a thermos container. Here is an injection molded part

that brought about an entirely new design (Slide 6: Beverage Thermos Pitcher)
=~ & one quart thermos pitcher for hot or cold beverages. The taner shield of

polysulfone protects the glass vacuum filler from the impact of metal stirrer
or ice cubes, |

The foregoing applications have no doubt indicated to you that polysulfone
is approved for food use. That is correct. Inthe U. S., the use of polysulfone
in repeated contact with food has been sanctioned by the Food & Drug
Administration; for contact with potable water by the Narional Sanitation Founda-

ton; and for use in milking equipment by the Dairy and Food Industries

Polysulfone does not impart any taste or odor to foods.

When used w0 replace stainless steel &a:d‘glasa. paxts in milking machines,
polysulfone shows no loss in toughness or strength after 500 hours exposure to
4 two per cemt detergent sdlution at 60°C. (140PF. ) and 1, 300 psi stress. It
will not craze or crack when treated with cleaning and sterilization solvents,
One ncw type of milker, designed to minimize bovine discomfort, employed
polysulfone simply because it was lightweight. (Slide 7: Milking Machine. ) It
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does the job stainle s stech doce in ooy milhing voacihidn o« b could not do

this new desipn becausc steel 16 100 heavy.

The next major proporty arca of polysulfon. v rength. An in oresting,

example of how SB Company combincd the strongth and moldability of polysul-

fone is their new portablc zinc-air baitery designad for rapicl irecharging by
replacement of the imdividual cells. (Slde 8: Battery Celle, ) Lach cell
compriscs two ribbed halves and an anode closure, all inoided of polysul®one.

The three parts are solvent-welded together,  The hattery, consisting of

twenty cells inside a fiberglass case, withswands 26 four foot drops without

springing a leak. The application also requires resistance to the electrolyte,
which is 31 per cent potassium hydroxide. Herc again is an example of a
product which simply could not have been manufactured without the existence
of a really strong ther moplastic -- at least not at a reasonable cost.
Polysuifone has a tensile strength at yield of 10, 200 psi. It also has a
high modulus of clasticity in both flexure and in tension. Compared o other

high performance plastics, only polyacetal has a higher flexural modulus, ‘The.
following slide shows how the modulus of polysuifone compares with polyacetal,
polycarbonate and heat resistant ABS plastics as the remperature incregses.
(Slide 9: Graph -- Flexural Modulus vs., Temperature. )

The notched 1zod impact strength of polysulfone is approximately |, 3

foot-pounds per inch over a wide temperature range for thickncsses from 1,8

to 1/2 inch, In the unnotched lzod impact test, polysuifone witl bend but will
not break. ‘The practical tmpact resistance of molded polysuifone is good as

long as proper part design practices arc followed.  Fer example, generous

radius of curvature should be used in support ribs and hosses, anxlt abrupt
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changes in part cross-sccien should be avelds 1 Nowe wes mart desion
act as severe centers ot siressoomd shouid be avoidod whepe: Nassihice,

Polysulfone's strengtiv can be Increased i ihe addition of 10 1o 40 per
cent glass fibers.  In addirfon tc tmproving the solvent registance. substantial
tucrcases in both tenstle and tesura! modoli cosulr, Glass-filled polysulfonc
parts are being used tn avromotive applications where impact or under -the-
hood conditions warrant the higher values. For exanple, alass-filled
polysulfone is being used for the onc-picce molded housing of the ignition
switch now used on all Gencral Motors' cars,

Polysulfone can be clectroplated using technigques somewhat more
fnvolved than those for ABS and othcr plastics. Plating improves the surface
hardness of polysulfone parts. This has becn demonsirated recently in two
demanding applications -- an aperturc plate for n film projector by Technicolor
and a computer print wheel for 1/0 Devices Company. (Stide 10; Aperture
Plate.) Tolerances are close for the aperture plate, which must hold its exact
dimensions even when subjected to the heat of the projector lamp, 100°C.
(2129F.). The required wear resistance was provided by the metal plating;
400 hours contact is the minimum requircment. (Slide il: Print Wheel. ) ‘The
impact print wheel, used for high-speed computer printing, has 96 raised
characters on its surface. Theue wheels operate at 30 to 50 characters per
second and have logged over 10 million impressions per character without
breakdown.,

Polysulfone has outstanding dimensional stability. Parts have been
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molded to tolcrances as 'ow a5 two thousandths of a1 inch.  This is possible

in part because polysulfon.'s mold shrinkage is very jow and completely pre-
dictable. In addition, polysultone hias the lowest creep of any thermoplastic.
(Stide 12: Comparative Creep at 22%C [720F, ], )Comp. ring polysulfone with
other high performance plastics again, one sces that at room temperature
polysulfone and polycarbonate are quite close in creep. (Slide 13: Compara-
tive Creep at 99°C. {210°F. ].) However, at a temperature of 99°C. (2!6° F.)
again with 3, 000 ps! srress, polysulfone is superior. It still demonstrates
necarly linear behavior. It should be noted that, because of this low creep, any

stresses imtroduced during molding are permanently locked in, sometimes

sonesling which provides scveral benefits -- major improvement in chemica
resistance, and improved strength and resistance to severe thermal cycling.
Annealing can be done Ly immersion in mineral ofl or glycerine at 1669C.
(330°F. ) for one to five minutes, depending on the thickness of the parts. Alr
annealing at the same temperature requires two to four hours.

Thermo)lastics processors she Id be aware of tw » » major considerations
when using polysulfone. (Slide 14: Molding of Polysulfone.) First, the resin

noering thermopiastics. And second, higher temperatures are nsturaily
required for molding, extruding or thermaforining, However, no equipmen
modification s necessary.

Molding undried material will cause defects in the form of siiver
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streaking, “splav’ or splase marks on the surtace of the molded parts,

Extruded shect or profites vl chow curface siecaks of bubbles, The
physical properties of polysuifone are ust degraacd by 1abricating "wet”

material,  Satisfoctory parts can be producad {iom reground materlal provided

it is propetly dried before fabricating.

Moisture content -should be recuced io less then 0, 09 per cent to produce
parts with a satisfacicry finisl,  ‘I1e optimum moisture content of 0. 05 per
cent should be attained whenever possible,  Polysulfone pellets can absorb up
to 0.3 per cent atmospherjc moisture.  Air temperatures in the range of 1330 .

166°C. (275° - 330°F., ) must be uscd ro remove that moisture, These

temperatures will not have any adverse effects upon the properties of the

materiai. For low volumes of regin. oven drying can be used.

oD mw *

is recommended for high volume nwlding lines and for extrusion, A
dehumidifier will shorten drying time by 15-20 per cent. Here is a brief guide
to drying times and temperatures: at 166°C. (330°PF.), two hours are
required; ar 1499C. (300%F.), 2-1/2 hours; at 135°C., (275CF.), 3-1/2 hours.

Screw machines are preferyad for injection molding. ‘There are several
reasons: heat hisrory i+ reduced. cveles are faster and longer flow parts can
be produced.  Pinmger machir;es have been used successfully, but they should
be opcrated at abnut 50-60 per cent of capacity o avoid exceseively long heat-
ing times,

Polysulfonc. Hk:> polycarbomate, matniains a rclatively constant
viscosity with increasing sheny rarve. this "ow degree of shear sensitivity,
meaning that molecular orientation guring flow is jow, rosults in molded parts

with unticer m physicos properiies thar varsy finde with diroction of flow, It also

results oo minimare of Jie swethn .




Stock temperatures must be high -- betwcen 343° - 3990¢:, (6500 - 750°
F.). The resin is stable at these temperatures provided that resideace time
is not excessive. The run should be started with a cylinder temperaturé of
316° - 3299C. (600° - 625°F. ), then gradually raised until acceptable mold
fill-out is obtained. Maximum injection pressure will usually be required.
Speed can usually be set at maximum as well,

Required mold temperatures will vary from approximately 99°C, (210°F., )
for simple parts of at least 75 to 100 mils thickness to 149° - 160°C, (300° -
330°F. ) for complex parts of long flow or thin cross-section. Mold fill-out {s
achieved mainly by increasing stock temperature, not mold temperature,

mmm«mszsmmm:mmmhw
molding. mmmmumaawmmmum run-
Bers, gates, and mold cavities should be minimized. Molds should be fabgicat-
ed from tough, herd, rigidly supported steels to withstand the high injection
preseure frequently used for polysulfone. Chrome plating will preserve the
faish and prolong mold life. Sprues should be short and relative , . ek,
Rm:ﬁmkdbgh&lrﬁetwmuﬂﬂ%um. itis *
more important to deliver regin to the cavities while it (s still hot and fluid
thaa to try to keep the same runner length to each cavity. To minimize volds
and siak marks, gates should be located so that resin fiow is from thick to thin
sections, and they should be relatively large. Multiple gates are recommend-
ed when molding large or long thin sections.

A shrinkage factor of 0. 007 inches per inch should be used in designing
molds. However, you are probably wondering about those applications where

polysulfone will replace an cxisting plastic material. Can you use the same
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molds? We offcr these general guidelines,  Excellent results can be expected
from molds designed for polycarbonate.  Molds «lesigned for ABS usually work
well, but sometimes it is necessary 1o open gates and runners,  Gate-runner
design in molds for polyacectal is satisfactory, but shrinkage will be lower.
Normally both the gate opening and runner system will require enlarging in
molds designed for polypropylene and nylon.

Polysulfone is being extruded into sheet, thin capacitor film, pipe and
other profiles, and wire insulation. Again, temperatures are high, ranging
up to 410°PC. (770°PF. ) for wire coatings and thin films. Standard machines

that produce a melt processing temperature range of 302° - 3579C, (375° -
675°F. )ﬁe normally used. Low compreasion ratio screws work best;
polyolefin screws should be avoided,

Any conventional ther moforming method can be used, such as strajght

vacuum, pressure, or plug assist. Sheet more than nine mils thick, or which
has been stored at ambient conditions for 8-16 hours will normally require
drying. To eliminate a separate drying step, the ideal method of operating is
to megraxe the thermoforming with the sheet cxirusion process.

It is hoped that these processing notes have made it clear that polysulfone

el e S —-—

can be successfully handled by an experienced thermoplastics processor. It is
not necessary to make any investment in new equipment or modifications, with
the possible exception of provision for drying.

In the course of reviewing the major properties of polysulfone, we have
looked at a wide variety of applications.  Many uthers could be mentioned, such
as atrcraft interior appointments that must he sclf-exringuishing and hair

curlers which need dry heat resistance.  Fxtruded products represent a small




applcations arca at present, consisting mainly of specaity thin-walled wire
inswation and extwuded pipe for a laboratory animal's watercing system,

The many applications we have secn here bring ns up to the present,
vherein about haif of these have been introduced within ihe past year. The
future holds continucd expansion in the appliance, automotive, electrical and
other mavkels mentioned. But there sre also some exciting new things on the
horfzon.  One of there s stlil in the developmental stage. it is an application
that bas an enormous market porential: food trays. ‘ihe food service industry
has grown tremendously in the United States in rccent years. Tens of millions
of food containers will be used this year, serving individual meals on aislines
and in hospitals and institutions. They are used in the growing food vending
machine area and are ciso vsed for home consumption, as the variety of frozen
Polysulfone is

being made into & rew comtainer for this market, a single-use contsiner that

dinners and individual gour met food items continues to expan

offers the ulimate in conventence, 1t is the one tray that can be used through

out the food handling cycle, That cycle consisis of many operations. The food
it loaded Into the tray and the tray ir sealed, frozen, shipped,

iinally served, Sinfrle-use trays made of polysulfone can be used for this
eatire cycle, withou: compromise. The trays will stand up to both free

temperatures &s low as -1019C, (-150°PF. ) and reconstitution temperatures,
In conventional ovens they will withstand 204°C., (400°F, ) and they can also be
tsed {a microwave ovens. The trays are heat-sealable using conventional

techmiques and seallng marerials. In additon, the travs make attractive serv-




ing dishes as well,
(Stice 130 Foad Tiay.)

There are a host of food tray materials.  1ach has certain drawbacks.
Many of them -- aluminum, sone plastics -- cannot be used in microwave
ovens. . . but polysulfonc is rrananaranr ra microwaves. Paper and many '
plastic containers caniot be uged i) conventional ovens and most of these are
not attractive for serving. Polysulfone, however, makes a handsome serving
dish. It can be thermoformed int & wide variety of shapes and can be
embossed and printed for special design characterisiics. - The color possibili-
ties are endless, although a special Ching White is usually preferred. These

trays are tough, too; in gauges as thin as nine mils they resist puncturing
wrinkling and crumpling. |
The food tray shown was thermoformed from sheet stock in an aluminum
mold on standard equipment. It can be handled with existing kitchen facilities.
he user is buying convenicnce and in the case of insttutional use, convenience
means complete ellmination of food tranafer. By eliminating those operations

labor coets are significantly reduced, which makes this new application

attractive,

in the foad trays wo sec must of polysulfone's major features: heat
resistance, touchness, food contact approval, proceseability and excellent
appearanc e, along with the bonus of its transparency to electrical high freguency
microwaves.  In the seven vears since polysulfone has been commercially
available it has developed from a material seiceted mainly for its extreme heat
resistance to one which bringrs numy fearvres o bear in solving design problems,

Becausce of its superior proportios, ity seplacing many orher plastics in







numerous applications, It is also recognized as an excellent replacement for
various metals because of the ecological and economical advantages it offers.

We think the possibilities for polysulfone have only just begun.




15.7. 74





