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=> SELECTION AND DESIGN

GUIDELINES

Plastics are increasingly being used to replace other materials
like bronze, stainless steel, aluminum, and ceramics. The most
popular reasons for switching to plastics include:

With the many plastic materials available today, selecting the
best one can be an intimidating proposition. Here are guidelines
to assist those less familiar with these plastics.

s
(STEP 1 —

Determine whether the component is a:

* Longer part life

* Elimination of lubrication

* Reduced wear on mating parts

¢ Faster operation of equipment / line speeds
* Less power needed to run equipment

* Corrosion resistance and inertness

= Bearing and Wear Application (i.e., frictional forces) or Structural (static or dynamic) Application

Determining the primary function of the finshed component will direct
you o @ group of materiats. For example, crystaline materials {l.a.,
riylon, acetal] ocutperform  amorphous matedals (e, polysulfons,
Litemn* PE! or polvcarbonate) in beanng and wear applications, Within
the material groups, you can further reduce your choipes by knowing
what additnees are best suited 10 your apglication.

Wear properties ase enhanced by Mo,
polymenc lubrcants (i.e., PTFE. waxes).

graphite, carbon fiber and

Structural properties are enhanced by glass fiber and carbon fiber.

Once you have determined the nature of the application (wear or
structural), you can further reduce your material choices by
determining the application's mechanical properly requirements. For
bearing and wear applications, the first consideration is wear
performance expressed In PV and “k"-factor. Calculate the PV
(pressure (psi) » welocity (fpm)) required. Using Figure 1, select
rmaterials whose limiting PV's are above the PV you have calculated
for the appiication. Further selection can be made by noting the “k°
waar factor of vouwr material choices. The lower the "k factor, the
longear the material is expected to last.

Fig.1 - WEAR RESISTANCE VS. LOAD BEARING CAPABILITY
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Structural components are commonly designed for maximum
continuous operating stresses equal to 25% of ther ultimate strength at
a specific temperature. This guidelineg compensates for the viscoelastic

Fig.2 - CREEP AT 73°F (23°C) - ISOMETRIC STRESS - TIME CURVES
Load Requied fo Cause 1% Deformation
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Creop values predicled by Dynamic Mechanical Analysis

behavior of plastics that result in creep, |sometnc stress-time curves as
provided here to help you characterze a materal's strength behavior as a
function of time at both room temperature [Figure 2} and at 300°F (Figure 3).

Fig.5 - CREEP AT 300°F (150°C) - ISOMETRIC STRESS - TIME CURVES
Load Required to Cause 1% Deformation
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(STEP 1 CONTINUED )’

( STEP 2 )

Consider the thermal requirements of your
application using both typical and extreme
conditions.

A material’s heat resistance is charactenzed by both its heat deflection
temperature (HDT) and continuous service temperature, HOT is
an indication of a material’s soflening temperature and is generally
accepted as a maximum temperature limit for moderately to
highly stressed, unconstrained components, Confinuous service

Fig.4 - EXAMPLES OF THERMAL PERFORMANCE
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temperature is generally reported as the temperature above which
significant, permaneant physical property degradation oocwrs after long
term exposure, This guideling is not to be confusad with continuous
operation or use temperature reported by regulatony agencies such as
Undarwriters Laboratones (LIL).

The mesting point of crystalline materials and glass transition temperature
of amorphous materials are the shor-term temperature extrames 10
which fonm stabiiity is mamtained. For most engineenng plastic materiaks,
using them at or above these temperatures should be avoided.
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>> SELECTION AND DESIGN

GUIDELINES

[ 'STEP 3 )

Consider chemical exposure during use
and cleaming.

Ouadrant provides chemical compatibility information as a guideling in
this brochure although it can be dificult to predict since concentration,
temperature, time and stress each have a role in dafining suitability for
use, MNylon, acetal and Ertalyte® PET-F are generally suitable for
industrial amvironments. Crystaline high performance materials such
as Flugrozint® filed PTFE, Techtron® PPS and Ketron® PEEK are more
suitable for aggressive chemical emvironments [see Figure 5).
We strongly recommend that you test under end-use

conditions. Specific chemical resistance can be found on the property
-\ compariscn pages starting on page 38,
S

r (sTEP 4 )

Before proceeding to steps 5-7, it may
be appropriate to consider addrrrc}naf
material characteristics including:

* Relative Impact Resistance/Toughness
* Dimensional Stability
* Regulatory/Agency Compliance

Materlals with higher tensie elongation, lzod mpact and lensike
impact stiengths are generally tougher and less rotch sensitive for
applications involving shock loading (see Table 1),

Engineerng plastics can expand and contract with lemperature
changes 10 to 15 times mare than many matals inchuding stesl, The
coefficient of linear thermal expansion (CLTE) is used o
estimate the expansion rate for enginesring plastiic materials. CLTE
5 raported both as a funclion of temperature and as an average
value. Figure B shows how many different enginearing plastics react
tiy increased temperatuee,

Modulus of elasticity and water absorption also contribute 1o
the dimensional stability of @ material, Be sure to consider the affects
of humadity and steam.

Agencies such as the Food and Drug Administration (FDA), U.S.
: Department of Agriculture (USDA), Underanters Laboratory (UL,
A8-Dainy Association and Amencan Bureau of Shipping (ABS)
commonhy approve or set specific guidelines for material usage
withiin their industrial segments, Check our websile for the most cument
agency compliancs infanmation.

Fig.5 - HEAT/CHEMICAL RESISTANCE POSITIONING
for Advanced Engineening Plashics
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Mechanical Property Comparisons
Strength  Strength  Modubus Impact Absorp.
psi psi i % R g
Mylatron® HSM 11,000 14000 475000 20 05 030
Acetron® GP 8,500 15,000 400,000 0 10 020
‘Eralyte® PET.P 12400 15000 400000 20 05 007
Ertatyte® TX 0500 15250 360000 5 04 006
Fadal" R PPSU 11000 13400 345000 30 25 047
Ultern* 1000 16,500 22000 500000 B0 05 025
Ulterns* 2300 17,000 32000 850000 3 10 018
Fhasrosint” 500 1,100 4000 SOO000 100 08 Q40
Techtron® PPS 13500 21,500 575000 15 (/TS T
Cuadrant GFOPPS 13000 24000 1,000,000 2 10 e
Ketron® 1000 PEEK. 16000 20,000 600,000 40 10 o1
Keron® GF3OPEEK 18000 26000 1000000 3 14 o
Torlon® 4203 PAI 20,000 24,000 600000 10 20 040
Torlon® 4301 PAI 15000 2000 800000 3 08 040
Torlon® 5530 PAI 15000  2Tp00 800000 3 a7 030
Celazole® PBI 20000 5000 95000 3 05 040

Dynamic Modulus charts found on pages 8-10 of this brachure
ilustrate how engineering materials (Figure 7) and advanced enginesaring
plastics (Figure 8) comparg in stifiness as temperature increases.
Dymamic modulus curves also graphically - display @ matenals softening
lempearalure.
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\ STEP S )

Select the most cost-effective shape for
your part.

Cluadrant offers designers the broadest size and configuration
availability. Be sure to investigate all of tha shape possibilites—you
can reduce your fabrication costs by abtaining the most economical
shape. Consider Quadrant's many processing aftermatives,

Mote: From process to process, many materal choices remain the
same. However, there are physical property differences based upon
the processing technique used to makea the shape. For example:

« Injection molded parts exhibit the greatest anisotropy (properties
are directionally dependent),

* Extruded products exhibit slightly anisotropic behavior,

* Compression molded products ane sotropic — they exhibit equal
properties in all directions.

For: Choose:

Long lengths

Small diameters

Rod, plate, tubular bar,
bushing stock

Large stock shapes
Mear net shapes

Rod, plate, tubular bar,
custom cast parts

Various shapes in advanced
engineering materials
Rod, disc, plate, tubular bar

Compression Molding

Small shapes in advanced
engineering materials /
High Volumes (10,000 Parts) g

{ STEP 6 )

Determine the machinability of your
material options.

N

Machinability can also be a material selection criterion. All of the Quadrant products in this brochure are stress retieved to enhance
machinability, In general, glass and carbon reinforced grades are considerably more abrasive on tooling and are mare netch sensitive during
machining than unfilled grades. Reinforced grades are commonly marne stable during machining.

Because of their extreme hardness, imidized materiaks (i.e., Torlon™ PAl and Celazole® PBI) can be challenging to fabrcate. Carbide and
polvorystalling diamond tools should be used during machining of these matenals, To aid you in assessing machinability, a relative rating for
each material can be found on the property comparnson charts that begin on page 38 of this brochure (ine 42),

Fig.6 = GOEFFICIENTS OF LINEAR THERMAL EXPANSION
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Make sure you receive what you specify.

The properties listed in this brochure are for Quadrant Engineering
Plastic Products' materials only. Be sure you are not purchasing an
inferior product, Request product certifications when you order.

S

Tech Notes

Al materals have inbarent rnitations that must be considered when
designing parts. To make kmitations clear, each material profied in
this guide has an Engineenng Notes section dedicated to identifying
thesa aitributes,

We hope our candor about matanial strengths and weakness simplifies
vour selaction process. For additionsl information, please confact
Cuadrant Enginearing Plastic Product’s Technical Sensce Department
at 1-B00-366-0300 or arnbng,




>> HEAT / LOAD CAPABILITIES OF MATERIALS

DYNAMIC MODULUS

MODULUS

USING DYNAMIC MODULUS DATA IN MATERIAL SELECTION
Dynamic Modulus. What is it?
Most of us are familiar with the concept of elastic behavior, When a force (stress) is applied to an elastic material the matenial stretches Dy an amount

force per unit area (stress)
stiffness (modulus)

Stress and modulus are frequently denoted by the letlers sigma (o) and (E) respectively. The amount of strétch is usually described as strain (g).
the amount of stretch per unit length,

A = orginal length x

g= 0
E

When a forse is applied to a perfectly elastic material, it stretches a set amount untd the force is removed. it than refums to its onginal length. No materal
Is perfectly alastic, though some metals and ceramics come close if the strain is not too great. Plastics are viscoelastic, That means that although the
equations above can be used to get a fair approximation of their response to load (provided the strain is low, generally 1% o less), the stiffness of the
material will depend on how long the material is under load, A viscoelastic material will have a higher modulus, it will be stiffer, when a load is applied for a
short ime than when it is applied over a long time. We see this behavior as creep. A load which causas a minor defiection when appled for a few minutes
causes a lamger deflection when left on for several days. The modulus is temperature dependent as weall. Materals generally gat softer when they are
heated and stitfer when they are cooled. The dynamic modulus [DM) curves shown in this publication show the elastic response (stifiness) of our
materials to a short curation foroe at various termperatures, Creep data should be used o pradict behavior whan a material will be under continuous load
fior longy times, Creap data is available from Quadrant Enginearing Plastic Products” Technical Sanvica Departmant (1-800-386-0300).

S0 HOW DO YOU USE THE DYNAMIC MODULUS CURVES? HERE'S AN EXAMPLE.

Suppose your application imohes a termperature of 160°F, It s a dry application, Chemical resistance and wear properies are not critical, You might be
considering Mylon 66, Acetal and PET-P. Their stiffness (modull) at room temperature are fairly similar, All of them have haat deflection termperatures (HOT)
well over 160°F. Which one would be best? Heat deflection temperature tefls you nothing more than how hot the material has to get befors its stiffness
drops to a panicular value, For example, by looking at row 17 on pages 38 and 38 of this brochure you would know that Quadrant Myon 101 at 200°F
iz as stiff as Acetron® GF at 220°F, which is as stiff as Eralyie® PET-F at 240°F, At these temperatures they will all have a modulus of about 148,000 psi.
What you don't know is: do they retain their rmoom temperature stiffness then soften suddenty at the HOT, or do they gradually soffen as temperatura is
increased? By raviewing the DM curves (pages 9 and 10) you would observe that at 160°F the dynamic modulus of Myton 101 is 391,000 psi, Acetran®
GF is 386,000 psi and Edalyte® PET-F iz 471,000 psi. Al the application termperature Ertahvte® PET-P is over 20% stiffer than either nylon or acetal. If its
important to limit deflection under load at this temperature, Ertalyte® PET-P is the batter choica.

Dynamic modulus data is a valuable material selection tool,



Fig.7 - ENGINEERING PLASTICS & AMORPHOUS ADVANCED ENGINEERING PLASTICS
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== HEAT / LOAD CAPABILITIES OF MATERIALS

Fig.8 - CRYSTALLINE ADVANCED ENGINEERING PLASTICS
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>> EXTRUDED & CAST POLYAMIDE

NYLON PRODUCTS

PRODUCT PROFILE

FIRST CHOICE FOR ALL GENERAL PURPOSE WEAR
AND STRUCTURAL COMPONENTS
* Broadest size range availability
* Good mechanical and electrical properties
* |deal balance of strength and toughness
* Many grade options: FDA compliant, Internally lubricated, Heat stabilized
» Cast as finished parts and near net shapes (nylon &)

(NYLON PRODUCTS)

MNylon's toughness, low coeflicient of friction and good abrasion resstance make it an ideal replacemant
for a wide variety of materials from metal to rubber. It weighs only 1/7 as much as bronze. Using rylon
reduces lubrication requirements, eliminates galling, corrosion and pifferage problems, and improves
wear resistance and sound dampening charactenstics. Nylon has a proven record of outstanding
sanvice in a multiiude of parts for such diverse fields as paper, texties, electronics, construction,
mining, metatwarking, aircraft, food and material handling.

Mylon Is easily fabricated mlo precision parts using standard metatworking equipment. s good property
profile combined with a broad size range availability have made the material very popular since we first
introduced nylon stock shapes in 1946, Today, a vanety of extruded and cast nylon grades ara available
to match specific application demands.

Since mylons are frequently used for wear applications, Table 2 and Figure 10 {on page 13) are provided
to assist designers with matenal selecton,

Cuadrant Is an IS0 3001:2000 registered company that provides full traceabdty and quality contrad from
rawy material to finished product. Il s typically supplied in mod, plate, fubular bar or custom shapes
including near net castings.

Al Quadrant standard extruded and cast nylon grades are profiled on the following pages.

Tabile 2
(1) Measured on ‘" LD, journal at 5000 PV
Wear Rate, Coefficient of Friction and Limiting PV Data (118 fpm & 42.2 pai)
K = WPVT x 10
Comparative jeuinmin/fLibhe) whens h srdial wear fin)
Wear Rate :mﬂﬂmm
Wear Factor toMylatron’  Coefficient of Friction  Limiting o
- - v 3 Measured on st washer under a
Hylon “® (1) HSM Static (2] Dynamic (3 PV (4) i boad] of 50 Ibs. G i i :
Hylatron® HSM 12 1.0 AT-25  A7-23 15,000 torgue was applied until the bearing
Mylatron” GSM Blue 65 SO R R0 e roen o
Ll
Nylatron  GSM 75 21-25 1923 2000 B Measured on thrust washer testing
o . meching, unlubricated & 20 tpm & 250 pei
Standard Type & (a) 100 a3 21=24 =23 3000 4 Limiting PV [Test value—uniubricated & 100
(b ftfing wil dx Sedety Fi
Nylon 6/ » &7 a0 2ta 2700 ) et b0 Gty MC BT,

Tech Motes

Nytans can absorb up to 7% by weight! water wnder high humidity or submerged in wabtern This can result
i dmensional changas up fo 2% and a corresponcing reduction of physical properties. Proper dasign
technigues can frequently compensate for this facton

PRODUCT APPLICATION:
Sheaves

* Problem:; Heavy cast or stamped metal

sheaves decroased performance of iftng
aqupmant. requinead frequent Lbneston and
shortenad the i of the expensve wieg ope.
Solution: Specially designed Mydatron®
GSM sheaves efminated thess probiems.
Myon sheaves can be easly machined or
custom cast when langer sanes s egured

* Benefits: Mylaton GSM 5 seven times

bghter than cast inon, reduces weght on
the boom and elminales comoson,

PRODUCT APPLICATION
Industrial Bearings

Problem: Bronze beanngs are heavy
oy and equire constant Lbxicaiion

« Solution: Nylatror® NS bearings can

be quickly mactuned from the many
stock sizes of tubwar bar and address
rmany af the problams associated with
lowstech metal parts.

= Benefits: The weght reguction alowed by

plashc beamngs affen MEesns Savngs in
cthar areas, This Myatron NSM beanng Bsts
ten timas jonger than the unfilied cast mdon
part that wes supped with the OF ok

&



=>> FILLED PTFE

NYLON PRODUCTS

PRODUCT APPLICATION:
Wear pads

* Problem: Sronze or ftind metsl wesr
Dacks gre very sy tough fo lubncate, wear
rmating sufaces and mankedly decrease
the amount of contra! possidie n a syshenm,
Solution: Machined pads maas fiom
Mylatron™ mdons are quickly iBbncated, aasy
tor rapboe and imorowve the efficency of
ecuanTEnt,

Benefits: Lohter i weight than metal
Myiatron NS or Mydatron A05XL can
alminate chatter and the loss of control
assocaed with . Higher lpad capabilties
als0 mean a chance o rechuice part see

and the possitelity of efrmnatng costly
kifvicaon systems.

-

PRODUCT APPLICATION:
Gears

* Problem: Meatal gears create noise, wear
rmaliriy pants and require iubncalion.

» Solution: Gaars machined from Matron®
myons can sohe these problems and be
designed using Cuadiant s Design and
Fabvication Guoe.

» Benefits: Nylairon gears can neduce nose.
elrminate Lbvication and act as a sachficial
Ink in a systerm, thus saving destruchion of
othar costh componants.

@

Small/Screw Machine Nylon
Parts (Extruded-Type 6/6)

Larger or Near Net Nylon
Shapes (Cast-Type 6 Nylons)

Far general Quadrant Nylon 101 Nylatron MC® 907 Nylon
purpose wear | Of all the unmodified nylons, Nylon 101 Unmadified typa & nylon offering the highest
and structural | is the strongest, most rigid and has strength and hardness of the nylon &
parts one of the highest melting points. It is grades, MC 907 natural is FDA, LISDA and
commonly specified for scraw Af-Dairy compliant. It is off-white in color
(FDA grades machined electrical insulators and and primarily used for food contact parts.
available) food contact parts. Nylatron MC® 901 Nylon
It is stocked in both natural and black. Heat stabilized nylon offering long-term
Other colors are available on a custom thermal stability to 260°F. It is blue in
basis. Mylon 101 natural is FDA, USDA, color and used in a variety of bearing and
MSF, and 3A-Dairy compliant. structural applications such as wheels,
gears, and custom parts.
For improved Nylatron™ GS Nylon Nylatron®™ GSM Nylon
load bearing Maolybdenum disulphide (MaS,) filled nylon | Nylatron GSM contains finely divided
capability offering improved strength and rigidity. particles of molybdenum disulphide
With a lower coefficient of linear thermal (Mo5,) to enhance its load bearing
expansion than Mylon 101, Nylatron® GS capabilities while maintaining the
parts maintain better fit and clearances, impact resistance inherent to nylon.
and have less tendency to seize as bearings. | It is the most commeonly used grade for
gears, sheaves, sprockets and custom
parts. It is grey-black in color.
For improved 30% Glass-reinforced
load capacity
in structural Nylon 6/6
applications For applications requiring higher

compressive strength and rigidity,

30% glass reinforced Mylon 6/ is also
available. It is stocked in diameters
ranging from 10mm to 150mm (or 384"
to 5.810" in meter lengths).




Larger or Near Net Nylon Shapes (Cast - Type 6 Nylons)

For food contact
applications whene
higher loads and a

friction am beneficial

Nylatron® LFG

Nylatron LFG takes the performance of Nylatron LIG and adds FDA compliance
for applicalions where food contact is possible. Food packaging and processing
equipment users can now benefit from the wear resistance, toughness and low
coefficient of friction of this nylon material

For industrial

a lower coafficiont of
friction is beneficial

Nylatron® LIG

Mytatron LIG combines the toughness of cast PAB with an oil-basad lubricant that is
encapsulated within the nylon matrix It increases the load bearing performance of

the material when compared to unfilled nylons and reduces the coefficient of friction.

It is an ideal material for industrial application in conveying and processing industries.

For high load

applications wheng
2 lower coefficient
of friction is needed

Nylatron® GSM Blue Nylon

The first cast nylon to combine both molybdenum disulphide (MoS,) and oil for the
load capability of Nylatron GSM nylon, plus improved frictional characteristics. It
excels in higher pressures, and at low speeds—up to 40 fpm. It offers 20% lower
coefficient of friction, 50% greater limiting PV, and a lower "k" factor than Nylatron
GSM, meaking it ideal for slide pads, thrust washers and trunion bearings. Nylatron GEM
Biue should be considered for any oil-filled nylon application. It is dark blue in color,

For best wear
registance and
lowast coatficient
of friction

Nylatron® NSM Nylon

Still the best bearing and wear nylon product available today. Proprietary type 6
nylon formulation produced using GQuadrant’s Monocast® process. Solid lubricant
additives impart self-lubricating, high pressure/velacity and superior wear resistance
characteristics. Mylatron NSM was developed specifically for demanding applications
where larger size parts are required. It is ideal for bearings, gears and wear pads,

In wear applications, Mylatron NSM lasts up to 10 times longer than standard
Type & nylon.

The ultimate in
control and load
handing capabiity

Nylatron® 703XL

This ultra-high performance bearing grade of PAS provides wear resistance near the
lovils of Nylatron NSM with superior load bearing capability and an industry first - a
near zero kevel of "stick-slip.” This elfimination of chatter provides an extracrdinary
amount of control for high-precision applications.

Fig.10 - WEAR RESISTANCE VS. LOAD BEARING CAPABILITY - NYLON MATERIALS
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PRODUCT APPLICATION:

Diffuser Nozzle

+ Problem: A submerged starsess st

noztie was costly to fabncate and & wesghly

challenge 10 manpulate

Solution: Thes custon cast Nylator® MCI01
part replced & muliroece assembly and

improved performancs,

« Benefits: Charmcal and mostune rosstance

of plastes comibenad wath the producton

affiesncy of cusion castmg drashcally
reciucad the cost i use of this part.



>> STANDARD & ENHANCED POLYOXYMETHYLENE

ACETAL PRODUCTS

PRODUCT APPLICATION
Scraper blades

* Problem: Dy nicke!’ and stamiess biades
weve costly and expensnve o fabncale.

* Solution: Acetror GF povosty-fres POV
pane & machined into scraper blades Lsed
1 CONTITIERCE 108 Crean manuiaciLre.

* Benefits: The poros-ree Acatron GF
biades ane easy cesned and ob not entrag
it o hactena, Thi low stress leved of
Acetron GP mesns pans that are machined
flat, stay fat

PRODUCT APPLICATION:
Industrial Bearings and bushings

« Problem:; Socoatly metals and lvetech
plashos don 't perforn well m Some rmost
BMETITIETS

» Solution: Dekir? AF Bland fron Quadant
excals I most aoolcations and offiens onger
part fife.

» Benefits: Dalin AF Biend has a lower
poeficent of fncton than unitied aoetal and
lasts longer i1 mast apotcetons. it offers
good stabilty and chenical resistance.

PRODUCT PROFILE

FOR GENERAL PURPOSE PARTS IN WET ENVIRONMENTS

= Low moisture absorption

» High strength, stifiness

= Easy to machine

« No centerline porosity in Acetron® GP

= Many formulation options: Copolymer, Homopolymer, PTFE filled, and Internally
lubricated/enhanced wear grade

(ACETAL PRODUCTS )

Acetal provides high strength and stiffness coupled with enhanced dimensional stability and ease of
machining. As a semi-crystaline materal, acetal is also characterzed by a low coefiicient of fricton and
good wear properties—aspecially in wet environments.

Beacause acetal absorbs minimal amounts of moisture, its physical properties remain constant in a vanely
of emvronments. Low mosture absorplion results in excellent dimensional stability for close-tolerance
machined parts. In high maoisture or submerged applications, acetal bearings outperform nylon 4
10 1. Acetal is ideally suited for close tolerance mechanical parts and electrical Insulators which
recuire strength and stifiness, 1 akso offers resistance o a wide range of chemicals including many sohents.

Quadrant offers both homopolymer and copolymer grades of acetal including enhanced bearing grade
materals. Acetron® GP acetal is porosity-free and offered as our standard general purpose grade. For
ghghtly higher mechanical properties, we offer a broad size range of the homopolymer acetal (Delrin®)
products. For improved frictional properties PTFE-enhanced Defrin AF products are available.

FDA Compliant Acetron® GP Colors

Graen Yedlow Gray Brown  Oranga

Low minimums - Quick turmaround

Tech Notes

In general, acetals gdo not perform as weall in abrasive wesr applications as nylons. Compensanon for
maoisiure redated growth generally aliows Nylatron® nylons to be used for wet, abrasive applications
If your application requines dimensional consistency in-an abrasiva, high humidity or submerged
gnviranmeant, Ertalpte” PET-P will often offer improved performance (see page 161



ACETRON" GP ACETAL

i
Acetron® GP |s Quadrant's general purpose copotymer acetal and is the only porosity-free acatal hﬂ*_
product available today. Investments in process technology by Quadrant now provide the performance = J
and machinabdity of acetal without center cora porosity. Cur in-line photometric quality procedure
assures every plate and rod is porosity-free making it the preferred acetal for food contact and medical .. e
applications. Acetron® GP natural and black are FOA, USDA, NSF, Canada AG and 3A-Dairy compliant, 3
i
DELRIN® ACETAL
Delrin, 8 homopolymer acetal, Is also manufactured and stocked n rod and plate. It offers slightly
higher mechanical properties than Acetron® GP Acetal, but may contain a low-density center,
especially In larger cross-sactions. Acetron® GP Acetal also offers better chemical resistance than PRODUCT APPLICATION:
homopotymer acetal. Gears
Dedrin is better suited for small diameter, thin-waled bushings that benefit from the additional strength Problesn: Ciasr i Place {CIP} squipment
and nrigidity of homaopotymer acetal. cloaning s a challenge for many metal gears.
Solution: Acetron™ GF gears are eastly
DELRIN® AF BLEND fabiacend A St 10 Poam
Clednmg cycies.

Dielrin AF Blend ks a unigue thermoplastic matedal for use in moving pars in which low friction and leng
wear lffe-are important. It & a combination of PTFE fibers undormiy dispersad in Dalrin acetal esin, This
combination offers batter wear characteristics than unfiled Delrin.

Benefits: Aceron GF's exoelent chemical
resistancs, ow ntamal stress and

chrmensanal stabiify adk up io better
Delrin AF Blend, supplied as a 2:1 blend of Delin AF100 and Delrn 150 resins, has excelient perfarmance particilary i food processing
sliding/friction properties. Bearings made of Deln AF Blend can operate at higher speeds while and packaging appiicanons.
exhibiting reduced wear. Thase bearings are also essentially free of slip-stick bebavior because the
static and dynamic coefficient of friction are closer than with most plastics, 3 :
Delin AF Blend retains 90% of the strength that is inharent In unmodified Delrin acetal. Some
properties are changed due ko the addition of the softer PTFE fiber. The natural color of Delrin AF Blend
is dark brown, Ertalyte® TX is a better value in many applications where Delrin AP blend is conziderad.
Review Ertalyte® T's performance or call our tech hotline for more information,
DELRIN® AF 100 3
Unblended Delrin AF, offers a slightly higher limiting PV and lower coefficient of fnction dus to additional
FTFE content. This added PTFE typically decreases the wear capability and impast strength, Delrin AF >
100 i= available on a custom basis.
mﬁﬁmmﬂmw
K = hPVT x40 PRODUCT APPLICATION:
‘where h =racial
pmm:mz} wear (in} Rollers
¥M'“m*m§m + Problem: Metal rllers in cargo truck fifts
mwmm uncher a S mmn Lse,
normal Gradusally increasing N y =
torque was appiod untl the bearing *Solution: impact rsisiant Acetr® G
complated at 90° rotation in abourt roflers abisorh colisons with loading docks
one wathout Vi argd iy the
-ﬂmﬂ-m . o i deforning and causing the system
miachine, unksbricated & 20 fpm & 250 ) . -
Limiting PV (Test value—aniubricted @ 100 + Benefits: Lighter weight and an abity to
fpm b.ftin.2 ming w/ 4 Sabety Factor beunce-back mack tght tolsrance Acetron GP

roliers 3 better choies than other materals,



=> POLYESTER

ERTALYTE® PET-P

PRODUCT APPLICATION
Piston and valves

* Problem: Wious matenalk were barg

sedin g food fling e

Solution; Standariang on Eralte” FETP

hefped the manufacturer broaoen the reach

of thesr prockuct by offenng grester scouracy
and higher performance,

* Benefits: Ertafte & very dmensonay
stabie and extrermely resistant o mosiune
charmcal resistance gave the manifacturer
2 SysterrHaite solution,

PRODUCT APPLICATION:
Manifold

Problem:; 4 manuiaciurer was using

alurminur for precision wonk and acetal

viith expensie nsers for less demandng

ApEicatons.

* Selution: Enalie” met desgn onfena & of
the manufacturens prookicts,

* Benefits: The new design wes able o

rmanian the boht tolsrances needsd and

PRODUCT PROFILE

STABILITY OF ACETAL
* Good for both wet and dry environments
= High strength and rigidity—ideal for close tolerance parts
+ Excellent stain resistance
* Good wear resistance and excellent dimensional stability
+ Better resistance to acids than nylon or acetal

(ERTALYTE® PRODUCTS )

ERTALYTE™ PET-P

Ertalyte® is an unreinforced, semi-crystalline thermoplastic polyester based on polyethylena
terephthalate (PET-P). It is manufactured from proprietary resin grades, Only Quadrant can offer
Ertatyte®. It is characterized as having the best dimensional stability coupled with excefient wear
resistance, a low coefficient of friction, high strength, and resistance to moderately acidic solutions.
Ertalyie™s properties make it especially suitable for the manufactune of precision machanical pants which
are capable of sustaining high loads and enduring wear conditions, Erahte®s continuous service
termperatuna is 210°F (100°0) and its melting point is almost 150°F higher than acetals: It retains significanthy
more of its onginal strength up to 180°F {85°C) than nylon or acetal (see Figure ),

In addition, Ertalyte® PET-P offers good chemical and abrasion resistance, Its low moisture absorption
enables mechanical and electrical properes 10 remain virually unatfected by moisture (see Figure 11).
Ertalyte® PET-P can be machined to precise detail on standard metal working squipment,

Ertahte® s FDWA compliant In natural and biack. Matural Ertahvite® is also USDA, 3A-Dairy and Canada AG
complant. Ertalyte® s an excalient candidate for parts used mn the food processing and equipment industries.

Fig. 17 - STABILITY OF ENGINEERING MATERIALS

ERTALYTE" ACETAL NYLON PAGG UHMW-PE
WATER ABSORPTION (24 HR.)

é é & .

0.07 0.20 0.30 =< 0.01
. H_ B .

3..31;_1&* 54x10° 55x10° ax10®

LEAST
STABLE

Tech Notes:

Because i is move rigid and offars greater themmal perfarmance than myfan and acetal, Ertalyte machings
thfferently, For best results, please request a copy of Quadrant’s design and fabrication gudeling for
Ertalvie®™ PET-F Entalyte® and other polyesters have lgss resistance to hot water than Acetron® GP acetal,



ERTALYTE" TX ;
Ertalyte® TX is an internally lubricated thermoplastic polyester providing enhanced wear and inarness 3 ;
over general purpose nylon{PA) and acetal{POM) products. Containing uniformly dispersed solid o

jubricant, Ertalyte® TX provides a lower wear rate and coefiicient of friction than unmodified polyesters

like PET or PET and even internally lubricated matenals like Delrin® AF blend,

Ertahyte® TX excels under both high pressure and velocity conditions, It is also ideally suited for applications
irvoling soft metal and plastic mating surfaces.

PRODUCT APPLICATION:
Processing equipment bearing

* Problem: A food manufaciurer was tred

of costly wear of slarkass shoal parts.
WEAR FACTOR (LOWER IS BETTER) + Solution: Ertalte”TX bearings replaced

HOT ('F) P=42psi V=118 fpm stainless parts that caused contamination

« Benefits: F04 compliant Ertabvte TX
well aganst other plastios and metals. its
sold lubvicant rechices nose and lasts bnger
than unfiled materials.

Fig, 72 - WEAR RATE (k-factor)

ERTALYTE: TX

ERTALYTE: PET P

ACETAL" (FOM-C)

MNYLON

UHMW-PE

Fig. 13 - ERTALYTE® OFFERS BETTER STRENGTH

IN HIGHER TEMPS
PRODUCT APPLICATION:
'g 10 4 10 950 85°C - &2 Distribution valves
£ ¥ =erTALYTEY|PET-P - &5 * Problem: High process unit temperatures
: a- ACETAL - warped potioning Lt components.
] L b Adkiional cooling equipment was required
% e T - 4 to package hot products,
= B = * Solution: Quaarant offered Enalte® TX
2 s \ | \M < for modermte termperature packaging and
E 4] wPBT = - 28 Ketror 1000 PEEK for high termperature use.
&= = UHMW-PE | o * Benefits: Eralte TX s dmensonal statwity
E :3—--—_______________-_- and wear resistance drastically improved
a 2+ - 14 part lifie, Mone costly Ketron 1000 PEEK was
14 5 also used i specialily Lnits wheng much
o 50 100 150 00 rranufactuner was able to efimnate the
Temperature (°F) chifing unit

@



>> POLYCARBONATE

PC 1000

PRODUCT APPLICATION:
Laser housing

Problem: A housing on Eser fest equpment
Solution: The same housing, machined
frorm PC 1000 polvearbonate performed
the apphcation and mat cost targets.
Benefits: Good digdectc and UV resistance
were requied - PC 1000 provicied the needed
strength and impsact nesstance,

PRODUCT APPLICATION:
Manifolds

* Problem: Many notstnies using acndc

parts need frensparent maniolds and sight
glasses that can withstand Tagher lemperaturnes
and impact

* Solution: PC 1000 s easiy machined

into thase parts and meets the hugher
perforrmance neods.

+ Benefits: PC 1000 has far fugher temperaiure
resistance than acnic and offers oraater
IMpECt resisance

PRODUCT PROFILE

HIGH IMPACT STRENGTH WITH HEAT RESISTANCE
TO 250°F CONTINUOUS USE (120°C)

» Excellent impact resistance, toughness and elongation properties
» Transparent

» Good dielectric properties

» Economical thermal performance

(PC 1000 POLYCARBONATE )

PC 1000 machine grade polycarbonate (PC) is a transparent amorphous thermoplastic which offers very
high impact strength and high modulus of elasticity. The material has a 200°F (145°C) heat deflection
temperature at 264 psi, absorbs very litthe moisture and resists acidic solutions, These properties, in
addition to good electrical characteristics, make PC 1000 machine grade polycarbonate stock shapes
an excellent choice for electical'slectronic applications (see Figures 7 and 7). ks strength, impact ressstance
and transparency also make it an ideal material for transparent structural apphcations such as sight
glasses and windows.

PC 1000 machine grade polycarbonate is stress relieved making it ideal for close tolerance machined
parts. Our stock shapes are produced from polycarbonate resing which meet the requirements of
ASTM D 3035,

A glass fiber reinforced polycarbonate grade 15 available upon request,

Figg. 14 - TENSILE STRENGTH VS. TEMPERATURE fig. 75 - DISSIPATION FACTOR

10°C 38°C 86°C 83°C 121°C 145°C WG 38°C BEC 430 121°C 149°C 1TT°C
1 LT |
g 2000 ' S 0009 /’
= [ & 0.008
'Eu 15000 - L ooo7- //
g 2 0.006- 1
@ 10000 - = E 0.005]
2 — B 0004
% . & 0003
= 5000 0.002
T .00 |
o
a 50 100 150 200 250 300 0@ 50 100 150 200 250 300 350
Temperature (°F) Temperature (*F)
SACETAL ®mNYLON 101(50% RH) = POLYCARBONATE = ACETAL B POLYCARBOMATE (50Hz)
Tech Notes:

PC 1000 polycarbonate i3 maching grade. not oplically clear. It can be both mechanically snd vapor
polizhed to improve cptical clarity, Caution; During machining, never use coolants with an aromatic base



>> POLYSULFONE

PSU 1000 .

PRODUCT PROFILE

HOT WATER & STEAM PERFORMANCE TO 300°F (150°C)
» Broad temperature range capability
» Good thermal and electrical insulation characteristics
» Hydrolysis resistant
= Radiation stability

PRODUCT APPLICATION:
| Medical carrier

» Low ionic impurity

(PSU 1000 POLYSULFONE ) + Problem: Cisaning abiminurm pars nes
+ Solution: Fars by frorm PSL 1000
PSL 1000 Potysutfone (PSL) is an amber semi-transparent, heat-resistant, high performance engineening i KA oY
thermoplastic. 1t offers excellent mechanical, elsctrical and improved chemical resistance properties « Benefits: The PSL 1000 parts were abke
relative to potycarbonate. Polysulfone's properties remain relatively consistent over a broad temperature be 3 FA b chet

range, from =150°F (—100°C) to 300°F (150°C). wilth b eharmicals and raolition.

PSU 1000 Polysutfons is hydrolysis resistant for contineous use in hot water and steam at lemperatures I e Y S
up to 300°F. Its flame resistance is UL 94-Y-0 at 1/4" thickness (6.35mm) and LI 94-V-2 at 1/8”

thickness (3.175mmj.

FSLU 1000 Polysulfone offers high chemical resistance to acidic and salt solutions, and good resistance
to detergents, hot water and steam. In addition, polysulfone has excellent radiation stability and
offers low lonic Impurity levels. PSU 1000 Polysulfone often replaces polycarbonate whean higher
termperatures, improved chemical resistance or autoclavabiity is required (see Figure 17). It is commanly
usead for anatytical instrumeantation, medical devices and semiconductor process equipment components.

Custom colors can be made to order, Quadrants PSU 1000 is FDA, USDA, 3A-Dairy compliant and
MNSF compliant under standards 51 and &1.

Fig. 16 - FLEXURAL MODULUS V5. TEMPERATURE PRODUCT APPLICATION:
Dialysis equipment components
400 _1_[!°G “‘:c Eaﬁ;ﬂa m_-:: 'M « Problem: Smaler fofter equmeant is beng
_ | — requested from meoical pewes Jesgners.
& 300 | \L\v_'_ (= + Solution: PSU 1000 replaced the staniess
ﬁ | steel parts wsed on eany designs
w0 « Benefits: PSU 1000 & neary 7 times fghier
£ | than staniess steel - The plstc matens sasly
E seol——1 1 — withstands mpeated sulociave cyoes
o l
0 50 100 150 200 250 300 350
Tempaorature [°F)
u POLYSULFONE = POLYCARBONATE
Tech Notes:

Polysulfone s nat & wear matenal and may slress craze under iwgh pressures in cartain chermical envirdrmeanis
Contact Quadrant’s Technical Support Team for help af 800-3686-0300 or Wi QUAArENIEHESICS, SO,



>> POLYPHENYLSULFONE

RADEL® R PPSU

PRODUCT APPLICATION:
Precision fitter components

« Problem: WWaght and ceaning procasses
made staniess steef iter equipment Imenschoal
and inafficent

* Solution: \Gned housngs and end caps
wee machined from ightweght staam
reststant Rackel A,

* Benefits: Drastcaly recioed part weigh!
wekding & rmore useful end prodbct - Alovwed
unirmted! hat water and steam deaning vwithour
part repiacerment

PRODUCT APPLICATION:
Medical wands

* Problem: Fanigue causad by heawy steal fools
rechced efficency of medical parsannel.

* Solution: instrurment handies machined fram
Rackal R irmprased performance of sungcal feams.

* Benefits: Lighrar weight, greater impact
ressstance and impoved autockvabilly made
Rackel A the matarial of choce in siuctural
rmetical aooicanons,

Endoscopic probe positioning ferrule

« Problem: The coated stankss steal wore ihe
rmEting perts and requered constant manfenance.

» Solution: Iniricataly machned Radal R ferrules
amnated the wear whie offienng othar banefits,

« Benefits: Loww mocsiune absomition and good
oimensional stateity were oical I addfon were
the benefits of easy cleaning and improved
Mmpact ressiancs

Y

PRODUCT PROFILE

BEST IMPACT & STEAM RESISTANCE TO 400°F (205°C)

= Highly resistant to steam autoclaving
» Impact resistant
* High modulus of elasticity and heat resistance

@ (RADEL® R PPSU)

Radel* B polyphemnylsulfore (PRPSU) is an amorphous high performance thermopiastic offering
better impact resistance and chemical resistance than polysulfone and polyethenmide (Ulkem® PEL).

Radel offers superior hydrolysis resistance when compared to other amorphous thermoplastics
as measurad by steam autociaving cycles to failure. In fact, Rade! R has virtually unlimited steam
sterilizability [see Table 4), This factor makes it an excellent choice for medical devices as steam
autoclaves are widely vsed 1o sterlize medical devices, It also resists commaon acids and bases—
including commercial washing solutions— over a broad lempearature range,

Radel R is avaiabla from stock in natural (bone white) and made to order in transparent and custom
cofors. It is commonly used in sterilization trays, dental and surgical instrument handies, and in fluid
handling coupling and fitting applications. Radel B is USP Class VI compliant.

It is suitable for use in electronic assembly equipment and devices that must withstand solder
temperatures, Radel has a heat deflection temperature of 405°F (207°C). Radel is FDA compliant
and NSF compliant under standards 51 and 61,

Table 4

Steam Autoclave Resistance

Fluxuml Stress 1400 psi 8.7 MPa) Cycles 1o Crazing
Radal* A 2000
Utiam 1000 B0
Polysutions L
T =

Fig. 17 - TENSILE IMPACT V5. STEAM CYCLES Fig. 78 - NOTCHED IZOD COMPARISON

180.0 - RADEL-R T : Jim
180.0 ’_______.__-‘_-_.__“._-_-__- . 200
140.0 1 | ! 5 -

120.0 28

100.0 b OYSULFONE / POLYETHERSULEONE

Fi-Lba/Square Inch

Motched lzod, f-1bsfin
iy

BO.0 HETEM 1006 100
0.0 - + 4
0.0 4 [
o |
20 40 &0 B 100 120 -

Number ol Steam Cycles

’ En o I 55@
e P

= RADEL" R B POLYSULFONE
®LLTEM 1000 ™ POLYETHERSULFOME
Tech Notes:

Radtel R has been approved for use in a vanely of medical devices, it is FDA compliant angd is appropriate
for food contact appicanons, Radel is mot 8 wear matensl, and it properiies degrads wien exposed
to suniight



=> POLYETHERIMDIE

ULTEM® PEI ‘.

PRODUCT PROFILE i{

HIGH STRENGTH & HEAT RESISTANCE, y
PLUS EXCELLENT DIELECTRIC PROPERTIES H\\\
= High strength and performs in continuous use to 340°F (170°C)
* High dielectric strength
= UL 94-V-0 rated with low smoke

PRODUCT APPLICATION:

= Available in glass-reinforced grades

Sighting Arm
. ULTEM* .F'Ef) « Problem: Crifopedic sugeons nesded
=S e a more durable device that didn't require
EXDOSUNE 10 X35,
Litemn 1000 polyetherdmide (PEN) is an amorphous polymer offering high strength and excellent flame « Solution: Lierm 1000 allwes the doctor
and heat resistance. It performs continuously to 340°F (170°C), making it ideal for high strength/ high to reaign the fracture, lock the beam and
heat applications, and those requiring consistent dielectric properties over a wide frequency ranga. gl holes for the required itanium screws
It is hydrolysis resistant, highly resistant to acidic solutions and capable of withstanding repeated « Benefits: Uiterm 1000 has greater mpect
autoclaving cycles. resistance than polysulfone and dossn't
Litterm 2100, 2200 and 2300 are glass-rainforced versions (10, 20, and 30%, respectively) of Uitern 1000 require the surgeon (o be exposed 10 xEys
which provide even greater rigidity and improved dimensional stability while maintaining many of the as the ongnal steel part forced,

usaful characteristics of basic Uiterm, Ultern 1000 is FDA and USP Class VI compéiant, FOWA comgliant - =

colors of Uttem are also avadable on a custom basis.

Litem commonly & machined into parts for reusable medical devices, analytical instrurnentation,
slectrical/electronic insulators (including many semiconductor process companants) and a variety of
structural components requiring high strength and ngidity at elevated temperaturas,

Cuacdrant offers a broad range of Utern 1000 and Ultern 2300 shapes fram stock.

these microwave Communicahion nsuiatons

B 5§

Fig. 15 - FLEXURAL MODULUS & T3°F (23°C) Fig. 20 - SMOKE EVOLUTION BY NBS TEST
PRODUCT APPLICATION:

s é' - Insulators
_ %- 180 * Problem: Costh; brithe ceramics were
gm g constantly besng broken duning instalaton of

la]
e ; 2 w + Solution: Durable Ultemn 1000 was easiy
T o - - E o | machined into the parts reguired.
; < Lo o *» Benefits: Litern 1000 has crasticaly
@;@’r‘ ?d;ﬁﬁd& *ﬁ &5'6* W ﬂ%\"gﬁ grester impect resistance then the onginal
o i ?ﬁ;u, : @«l.‘.i'-"'l oo perarmic - Literm rmiatenals have axoslisnt

dhekactne properhes

Tech Motes

Since Litern 15 an amorphous matenal, selaction of approprigle non-ararmaie comants dunng machiming
is smportant, Care must also be used i selecting adhesives and desigming press it comparents o avoid
stress cracking. Contact Quadrant’s Technical Suppart Team for help at 800-206-0300 o
www.guadraniplastics.com, Wiem is not designed for use i bearing and wear applications



>> MODIFIED PTFE

FLUOROSINT®

PRODUCT PROFILE

MOST DIMENSIONALLY STABLE PTFE-BASED PRODUCT
= Chemical resistance parallels PTFE
« Continuous use temperatures to 500°F [260°C)
« Better wear resistance than PTFE

= higher load carrying capability
PRODUCT APPLICATION: - 1/8 of the deformation under load

Floating Seals - lower coefficient of thermal expansion

* Problem: A manufacturer that wanted to |
Frove pefomEncs i a rolany arock needed &
materidl with the perormance of PTFE and tre | (FLUOROSINT® PRODUCTS )
dimensonal stabdity of a more o thermopisic

* Solution: Repbong the gachits-fled PTFE
parts with Flucrosne® 500 seals aiowed
performrance gains aomss the 200°F (130 0)
to 450°F 2300 opearating range.

* Benefits: \With onger oat e, bemar
amensional siabdity andg vimuely no wear
te reating peats, Fluoresint™ 500 reduced
maTtenance and motar load.

Fluorosint's unique properties ane the result of a proprigtany process in which synthetically manufactured
mica is chamically linked to PTFE. This bonding resuits in properties not normalty attainable in reinforced
PTFE. Fluorosint grades offer an excellent combination of low frictional properties and dimensional stability,

FLUOROSINT® 500

Flugrosint® 500 has nine times greater rasistance to deformation under load than unfiled PTFE (see
Figura 21). Its coefficient of linear thermal expansion approachas the expansion rate of alurminum, and
| is 1/5 that of PTFE—often eliminating fit and clearance problems (see Figure 22), It is 143 harder than
PTFE, has better wear charactenstics and maintains low frictional properties. Fleorosint® 500 s also
non-abrasive to most mating materials,

FLUOROSINT® 207

Fluorosint® 207s unmatched dimensional stability, excellent creep resistance and white calor uniguely
position this materal to serve FDA regulated applications, It is non-permeable in steam and complies
with the FOA's regulation 21 CFR 175.300. Its relative wear rate is 120 the rate of PTFE below 300°F
150°C) making it an excellent choica for aggressive service bearings and bushings.

PRODUCT APPLICATION:
Labyrinth and shroud seals

« Problem: Seals made from alurminum, bronze or
Babitvir causead mating part wear thar gecreased
the efficency of turbo compressons,

* Solution: Recesgned abvackbie saals machined
from Fluorosint® 500 tubwdar bar dramahcally
irmpwenved afficency and helped protect other
parts from damage.

= Benefits: Fuoosnt's exoalent chemical
resstance and forghing cormpaston can greally |
mmprove the perormance of roating equpment
wihie cealing with shaft movement and pressure
changes that can damane metalic seals.

Tech MNotas:

De to its PTFE matrix, Fluorosint’s physical strength characterishics are nod as high as other advanced.
engineenng plasiics profiled in this guide (e, Ketron® PEEK, Tarlon® PAIL



Fig. 21 - DEFORMATION UNDER LOAD . I

FLUDROSINT®

PRODUCT APPLICATION:
Valve seats and seals

+ Problem: FTFE seals can sasily
dafarm or change shape after machining

| + Solution: Seats and seals machined from

= > . = = P Fluorosint® 207 can maintain the required

. ' aimensions and provide the sealing

% deformation at 2000 psi, 122°F (50°C) performance needed in challanging
sanaces ke steam and hot ar

« Benefits: Fiuorosing's dmensiona stabity
15 sigrificantly better than that of vigin o

ovetech filled PTRE's, It also offers excelient
chermical resistance and non-permeabiin
1o hot air and steam.
Fig. 22 - COEFFICIENTS OF LINEAR
THERMAL EXPANSION
Temperature (°C)
% 10 &0 110 160
26
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5 z &
: 10 M i bie 1
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= 50 412 £
B * FLUOROSINT® 207 - 10 E
d _,...-'"'.-"“--.____ ——————1 & 5
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2
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>> POLYPHENYLENE SULFIDE

TECHTRON® & QUADRANT PPS

PRODUCT PROFILE

EXCEL IN CORROSIVE ENVIRONMENTS TO 425°F (220°C)
« Excellent chemical resistance
« Essentially zero moisture absorption
» Machines to tight tolerances
« Excellent alternative to PEEK at lower temperatures

PRODUCT APPLICATION:

Flow meter rotors (TECHTRON® & QUADRANT PPS )
= Problem: A manufaciurer ssed four oiffierant T '
”‘E"";"‘““‘_' foramm'.rx:ﬁﬂmrbwnm. PP3 ipolyphenylene sulfide) products offer the broadest resistance to chemicals of any advanced
hmqﬁmmmmaMn engineering plastic. They have no known solvents below 392°F (200°C) and offer inertness 1o steam,
aach n‘aﬂmﬂ' mmmrmw. strong bases, fuels and acids, Minimal moisture absorption (see Figure 25) and a very low coefiicient of
* Solution: mem linear thermal expansion, combined with Quadrant’s proprietary stress relieving processes, make thesa
1OV PPS met the performance critenia for PPS products ideally suited for precise tolsrance machined components. In addition, PPS products
6very mock! and alowsd the manisclurer 1o exhibit excellent electrical characteristics and are inharently flame retardant.
standaroize the rmtor materal p
* Benefits: The Ouadrant PPS grade = very @‘5"'\?&1
dimensionally stabde and able to withstand the :_dz#" TECHTRON® PPS
broad range of chermicals that can be present Linlike reinforced PPS products, Techtron® PPS is easily machined 1o close tolerances, It s ideal for
N the appicshon structural applications in comosive environments or as a PEEK replacermant al lower temperatures.
Techtron® PRS is off white in color. Techtron® PPS is FDA compliant.
TECHTRON® HPV
Techtron™ HPY exhibits excellent wear resistance and a low coefficient of friction. It overcomes tha
disadvantages of virgin PPS caused by a high coefficient of friction, and of glass fibre reinforced PPS
which can cause premature wear of the counterface in moving-part applications.
« Excallent wear and frictional behavior
« Excallent chamical and hydrolysis resistance
° Yooy good Fig. 23 - TEMPERATURE RESISTANCE

dimensicnal stabslity

“ Goou:l.clncuinal ms—:.u;a.ﬁng “K" FACTOR / WEAR RESISTANCE i Btar)
and dielectric properties HOT
: = Inherent low flammability pps

PRODUCT APPLICATION: « Excefient resistanca against

Pump lantern rings high energy radiation Techtron HPY
* Problem:; Fumps used in mining anoications PREK

WS requinng frequent costly senace and Katron HPY

reglang ouiput because of downtime,
* Solution: Cuackant baaing grack (BG) FPS Acetal (POM-C)

repkaced the bronze parts in the onginal design ) 100 200 300 400 500

and recuced wear while increasing efficency; TEST CONDITIONS: Ped38 psi Ve121 Fpm de3mi
* Benefits: The naw PPS parts wave machmned “HOT = HEAT DEFLECTION TEMPERATURE ()

fo b folerances reckEang recreLiion wiie
offering wear nesistance that bronze could
ot match.

—— . Tech Notes

Al Ouadrant EPP's PPS products affer dimensianal stability and strength at moderate lemperatunes

They are rated for continuous senace o 425°F (220°C), but strength and stiffness vary based on
tevmpérature and grade. Unveinforced Techtron™ FPS is ganerally not recommended for wear applicanons.
Prociucts ke Techiron® HPV, Torlor® PAl or Ketror® PEEK are better selactions for wear applications
When designimg with Quadrant’s compression malged qrades, i impartant fo ote it relatvely low
Eongatan and IMpact strength



QUADRANT GF40 PPS

This product 15 the most recognized PPS. It is a compression molded analogue to Ryton R4 resin, It
offers better dimensional stability and thermal performance than Techtron® PPS and maintains its

strength 1o above 425°F (220°C).

QUADRANT BG PPS

Bearing-grade Ryton is internally lubricated and carbon fiber reinforced compression molded PPS
offering a low coefficient of thermnal expansson and uncompromised chemical resistance. It is well suited
for and wear gpplications or when an electrically conductive material is required

Fig. 24 - CHEMICAL RESISTANCE

PPS

PEEK
Ketron HPY

Techtron HPV

Acetal (POM-C)

USEFUL pH RANGE

Fig. 25 - DIMENSIONAL STABILITY

Dimensional Stability (CLTE and H,0 Absomption 24 hr. Immersion)
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PRODUCT APPLICATION:
CMP retaining rings

Problem: Manufacturers of semconauctors
reeckad a ratenal that could martain crical
cirmensons and withstand a broad aray of
agoressive chermcals in an apolcaton whene
denveloped walers were being polshed
Solution; Techton™ PRS repboed coa
metals, soetsl polvesier and rmnge of other
matenials that coutd delver the package of
banefits that Techiron offers

« Benefits: Expolian! chermeal resistance

supenor dimensional stability and sase
of machning has made Techiron FPS the
prermier matenal for VP consumabies,

PRODUCT APPLICATION:
Processing equipment bearing
Problem: A manuiacturer of food processng
equpment nesded 3 materal that could

withstand aggressive wash down cydles and
perform without fubrication,

« Solution: Techtron®™ HPVY was usedas &

Dearing i this new unit that offered 5 rmore
compact, less complcated deson that uwes
capabie of highar speed and grester oLl
Benefits: In the past only exolic matenals
woud have worked in thes elvated tempersiue
aupicaton whene lubnoaton wasn't posshis
angd chermicals were Dresent dunng cesnvg.
Techiron HPV PRS combines the chemica/
resstance of PPS with the wear resistance
and parformance of prarmium beanng mitenals




>> POLYETHERETHERKETONE

KETRON® PEEK

o

PRODUCT APPLICATION:
Valve seat

* Problem: Fremartune neplacement of &
qlass-fillad PTFE seat caused excesshve
warmanfy axpense for 8 manufacturer of
inaLstnal cisaning equipmant

* Solution: Ketror® 1000 PEEK repkaoed the
poppet saat and alowed ncreased rakabiry
of the moang Lnit in the cleaning squprment

* Benefits: Hyorohss resistant and far mone
siat¥e than any PTFE, Katron 1000 PEEK
retains ity propertes after thousands of
howrs of oparaton.

PRODUCT APPLICATION:
Pump wear rings

* Problem: Cantrifugal pump wear pars
ware faling cue to comosion and galing

* Splution: The bronze parts shipped with
the oniginal Lnits were replsced
with Ouadiant's Ketron® CAZ0 PEEK
Tha PEEK rngs efmingted the problerm
and increased the efficency of the units.

* Benefits: The chermcal ressiance,
temperaiune resistante and good stabiity of
carbaon e filad PEEK forrn the dleal matenal
for Fugh temmpanaiee, Coss IEENce

PRODUCT PROFILE

CHEMICALLY RESISTANT STRUCTURAL AND BEARING &
WEAR MATERIAL FOR CONTINUOUS USE TO 480°F (250°C)
+ Excellent chemical resistance
* Very low moisture absorption

.--""'_F
* Inherently good wear and abrasion resistance { Lokl
* Unaffected by continuous exposure to hot water or steam \

(KETRON®)
g S A e

Ketron® PEEK grades offer chamical and hydrohysis resistance similar 1o PPS, but can operate at higher
temperatures, PEEK, 1000 offers steam and wear resistance, while carbon-reinforced PEEK provicdes
excelient wear capabilities. Our latest grade, PEEK HPV, offers outstanding bearing perormance, PEEK
can be used continuously to 480°F (250°C) and in hot water or steam without permanent loss in
physical properties.For hostile environments, PEEK is a high strength altermative 1o fluoropolymerns,
PEEK carries a V-0 flammability rating and exhibits very low smoke and toxic gas emission when
exposed 10 flame.

f“
KETRDN 1000 PEEK
This general purpose grade is unreinforced and offers the highest elongation and toughness of all PEEK
grades. The newly available black PEEK 1000 is ideal for instrument components where aesthetics are
important, as well as for ssal components where ductiity and inertness are important. Ketron® 1000
PEEK is FO& compliant,

«
P

i

KETRON" GF30 PEEK [(30% GLASS-REINFORCED)

The addition of glass fibers significantty reduces the expansion rate and increases the flexural modulus
of PEEK. This grade is ideal for structural applications that require improved strength, stifiness or stability,
especially at temperatures above 300°F (150°C).

Fig. 26
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Tech Motes:

The stiffness of all PEEK grades drops off significanthy and expansion rate increases above its glass
transition tempedature (Tg) of 300°F (150°C). A material like Torlon® PAT would be better swited for close
tolerance bearings or seals operating at temparatures higher than 300°F (180°C),



KETRON® CA30 PEEK

{30% CARBON FIBER-REINFORCED)

The addition of carbon fibers enhances the compressive strength and sfiffness of PEEK, and drarmatically
lowers its expansion rate. It offers designers optimum wear resistance and load carmying capability ina
PEEK-based product. This grade provides mone thermal conductivty than unreinforced PEEK— increasing
heat dissipation from bearing surfaces improving bearing iife and capabsity,

KETRON" HPV PEEK (BEARING GRADE)

Carbon fiber reinforced with graphite and PTFE hubricants, our newest grade of PEEK offers the lowest
coefficient of friction and the best machinabéty for all PEEK. grades. An excellent combination of low
friction, low wear, high LPV, low mating part wear and easy machining, make it ideal for aggressive
senvice Deanngs.

Tabe 5

i v L b ;

PEEK HPY PEEK. PPS HPFY PPS Pal PEI
Rl VeryGood  VeryGood  Excellent  Excedlent Fair Fair
e - Good to
Temperature (250°C) (250°C) [220°C)  (221°C) (260°C) {315°C)
Temperature {160°C) {195°C) {120°C) ms-c) (280°C) {425°C).
% Flexural Strength
Maintained at: B4% B6% 2% 5% 70% 9%
300°F (150°C)
at: S00°F (260°C) 10% 23% 5% 26% 5% 0%

R

e —
o

PRODUCT APPLICATION:
Structural parts

* Problam: Athough mexpensae mdon and
acetal samicondLictor waler handling fools
werne faing cue [0 exposLng 10 Sggressne
chermicals and hgh tempenatres

« Solution: Kapo® 1000 PEEK could easdy
withistand the femperature and chermcal
exposune and allowed the manuiaciuer
io standamize ther proclct ine.

* Benefits: The good chemical resstance of
PEEK, partoulry at elenatedd homperailnes
was well suted for fhes appication wheans
e weer [akes place.

PRODUCT APPLICATION:

Bushings, bearings, seals
and back up rings

* Problem: /etalic saals don'T provide the
performance that cesgnens nead wihie
Iovstech plastic materals can't withstand
the bbacks that continue 1o increase,

= Solution: New neneration matenals based
on FEEK and PFS are able to sunae in
chermical and stear senace wivie pronicing
the mechanical sirength el newwer
eSS nead

« Benefits: Srength, chamical resstanos and
dimensiong! stabity s ang ortical n seaing
apicanons, Ouadant has several modihed
gradies of PEEK and PPS matenals that can
be matched 1o you sealng socication.

=)



>> POLYAMIDE-IMIDE

TORLON°® PAI

PRODUCT APPLICATION:
Sliding compressor vanes

+ Problem: Rotany compressors needed 3 vane
anyd marntan cose oeances af high speeds
and lpads.

« Solution: Toron®™ 4301 was the ideal
raplacemeant for the compasite matenial
that was previously used,

* Benefits: Toron's veny low coeffioent of
load capabiltes mace economic sanse for the
manufacturer wiho was able 1o tout ther unit'’s
rekable longHemm perfonmance.

PRODUCT APPLICATION:
Chip nests and sockets

« Problem: Manufecturers of equipment
that test cormpleted 1Cs had problems wath
dimensional changes of the sockets they wsed

* Solution: Torlor® 4203 and Toron® 5530
sockets and nests replaced expansive
ViespeP Pl parts and handle the broad
temperaturg range prasent dunng festing.

* Benefits: The better dmensional stabifty at
temperature halped to increase the refabify
aof the testing equiprment and extend part ife.

PRODUCT PROFILE

STIFFNESS & STRENGTH AT TEMPERATURE EXTREMES
« Maintains strength and stiffness to 500°F (260°C)
» Minimal expansion rate to 500°F (260°C)
» Excellent wear resistance in bearing grades
= Able to endure harsh thermal, chemical and stress conditions

(TORLON®PAI )

With its versatile performance capabilities and proven use in a broad range of applications,
Tordon® polyamide-imide (PAI) shapes are offered in extruded and compression molded grades.

Tordon 2 the highest performing, melt processable plastic. It has superior resistance o elevated
temperatures. It is capable of performing under severs stress conditions at continuous temparatures to
500°F (260°C). Parts machined from Torlon stock shapes provide greater compressive strength and
higher impact resistance than most advanced engineering plastics (see Figure 27),

Fig. 27 - COMPRESSIVE STRENGTH COMPARISON
Uinfited Grades

MPa at 23°C

Tech Notes:

As Torlon PAl has a redatively high maisture absorption rate {see Figure 29), parts used in high temperature
senape or made to tight rolerances should be kept dry prior fo installation. Thermal shock resuliting m
defarmation can ocour if moisture laden parts ane rapidly exposed o temperatures above A00°F (205° C).
Consult Quadrant’s Design and Fabncation guide, website or techmical service degartment for pasi-
cunng assisiance



Toron PAl's extremely low coefficient of linear thermal expansion and high créep resistance deliver
excellent dimensional stability over its enfire senvice range (see Figure 28). Tordon s an amorphous
material with a TLI (glass transition temperature) of 537°F (280°C). Torlon stock shapes ama post-cured
using procedures developed jointly by Solvay Advanced Polymers and Quadrant. This eliminates the
need for additional curing by the end user in most situations. A post-curing cycle is sometimes
recommeanded for components fabricated from extruded shapes whers oplimization of chemical
resistance and/or wear performance is required,

For large shapes or custom geometries like tubular bar, comprassion molded Torlon shapes offer
designers the greatest economy and flexibility. Another banefit of selecting a compression molded grade
i5 that resins are cured, or "imidized” prior to molding which aliminates the need to post-cure shapes or
parts fabricated from compression molded shapes.

Popular extrusion and injection molding grades of Torlon are-offered as compression molded shapes.
Typically, you can identify a compression molded grade as having a second digit of *5° in the
product name.

Fig. 28 - COEFFICIENTS OF LINEAR
THERMAL EXPANSION
Torkan ws. PEEK and PFS
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PRODUCT APPLICATION:
Labyrinth seals

« Problem: Metatic ssals needsd e

operEting fokvances o sccount for pressure

changes and potential contact hard impact
with a comprassor shaft.

Solution: impact resistant Torlor™ PAT

seals could withstand fmpact duning

pressure upsets and tighten up running
clearances that increase efficency:

« Benefits: Dimensonaly stable Tordon seats
wrtfstand fough chermical senice and wear
avenl; profecting the expensive melal shaft
and mating pans.

8,

ngee "

PRODUCT APPLICATION:
Bearing cages

« Problem: Amemacbaa‘baamm

Fead rsached fis maamum capabity: Designers
needed a lghter higher performance systam.

+ Solution: A Torlor™® 4307 assembiy

replaced a steel cage that help hardened
steel bails and & bronze bushing.

* Benefits: Frequently engineenng piastics

arg e fo elmingle o revise a system.

In this case. the lght weight of Toron coupled’
with its ubricator-free parformance met the
needs of this manufacturer's new design,

(@)



=> POLYAMIDE-IMIDE

TORLON°® PAI

Compression Molded
Extruded Grades Araden
. For electrical Torlon® 4203 Torlon® 4503
. or high Torlon 4203 polyamide-imide offers This grade is commonly used for dies
strength excellent compressive strength and the and patterns of formed metal parts or
S highest elongation of the Torlon grades. |  as thermal insulators and isclators. It
applications f:n:m provides electrical lmm‘:"h . ks similar in composition to Torlon 4203
exceptional impact strength. T Pal, and selected when larger s 5
— — grade is commonly used for electrical are required. i o
5 connectors and insulators due to its
PRODUCT APPLICATION: high dislectric strength. Its ability to
High Semparatire slectrical connectors s o |
* Problem: Connectors rmack from severa v | components such as linkages and seal
and midkange plastics required careful selecton rings, Torlon 4203 is also an excellent
basad on appication envionment choice for wear applications involving
* Solution: For this manufacturer's critical impact loading and abrasive wear.
product ine, standardizing on Torkon® 4203
rreant confidence that their parts would For general Torlon® 4301 Torlon® 4501
parforn when required purpose wear |  This Torlon PAl is primarily used for Torlon 4501 PAl is well suited for general
« Benefits: High termperatures and demanding and friction wear and friction parts. offers avery | purpose wear and friction parts. It has
slecirical performance present in this acplcation JON S Tl law conicent 4/ a higher compressive strength and
Torkon) 4200 parts friction and exhibits little or no slip-stick |  can therefore carry more load than
' in use. Torlon 4301's flexural modulus Torlon 4540, It is similar in composition
— gmm.m WL;E“W than maost to Torlon 4301 PAI, and selected when
This grade excels in severs service AT sEapes M9 TNqUINnd;
wear applications such as non-lubricated
bearings, seals, bearing cages and
reciprocating compressor parts.
For best wear Torlon® 4540
resistance This seal and bearing grade offers a very
low coefficient of friction and good wear
and lowest properties. It was developed specifically
coefficiant for use in rotating equipment. its
of friction composition is the same as the former
Torion 4340 and used when larger
(especially tubular) shapes are required,
Typical applications for Torlan 4540 PAI
N ’ S include labyrinth seals, wear rings,
PRODUCT APPLICATION: bushings, and bearings of all types.
Can mandrel
* Problem: Packaging squpment cesiners Glass Torlon® 4XG Torlon® 5530
TN 9 M L et ST el reinforced for | Torlon 4XG PAl is 30% glass-reinforced. | Torlon 5530 is 30% glass-reinforced.
AX IR e e improved | 1toffers high rigidity, retention of stifiness, | 1t i ideal for higher load structural or
reabwonid prodlchon. m?_”mﬂ Livac . a low expansion rate and improved load electronic applications. This grade is
to form alminum blanks into beverage and foad capacily | corving capabilities. This grade is well similar in composition to Torlon 5030
food contaners. _ suited for applications in the electrical/ PAL. It is selected for larger shapes or
* Solution: Appfication specific replacement electronic, business equipment, aircraft when the greatest degree of dimensional
of nylon, UHMWPE and coated steel and aerospace industries. control is required.
mandrels with Toron® 4203 offered
irmproved performance and less downtime
replacing damaged production parts. Carban Torlon® 4XCF
* Benefits: 50 strong Toron 4203 permitted reinforced Torlon 4XCF PAl is 30% carbon fiber-
higher proclicion rates because of its abdty for non- reinforced, It offers exceptional stiffness,
fo operate al Figher termperatunes. T Ta— non-abrasive wear performance and the
lowest coefficient of thermal expansion
performance of all the materials profiled in this guide.

&




>> POLYBENZIMIDAZOLE

CELAZOLE°®PBI 5

PRODUCT PROFILE

BEST MECHANICAL PROPERTIES TO 800°F (425°C) ‘ .

» Highest mechanical properties of any plastic above 400°F [204°C)

» Highest heat deflection temperature B00°F (427°C), with a continuous service capability
of T50°F (399°C) in inert environments, or 650°F (343°C) in air with short term exposure
potential to 1,000°F (538°C)

Lowest coefficient of thermal expansion and highest compressive strength

of all unfilled plastics PRODUCT APPLICATION:
Vacuum Cups
; » Problem: Engneers weve lbokmng fora rone
7 ) ‘-.I costafipetie sobton foran extrernaly hgh
lCELAZOLE PB!/ fempersiune gass handing apploaton

= Solution: Cakress PRI cutparfonmed pror

Celazole® PEI is the highest performance engineering thermoplastic available today. It offers mateniak and reduced the componant cost

the highest heat resistance and mechanical property retention over 400°F of any unfilled plastic « Benefits: Celamnle 5 more wesr resistant

(sea Figures 30 & 31). It has baetter wear resistance and load carrying capabilities at extreme ' than polyimides. - The Celazole PBI cups

tempearatures than any other reinforced or unreinforced enginesring plastic. rechuced product breskage compered o

As an unreinforced material, Celazole PBI is very “clean” in terms of ionic impurity and it does not the ceramics fested, - Colarole ABI was

outgas lexcept water). These characteristics make this materdal very attractive to semiconductor rore cost effective than pressed carbon
or polyirmide materials.

manufacturers for vacuum chamber applications. Celazole PBI has excellent uitrasonic transparency
which makes it an ideal choice for parts such as probe tip lenses in ultrasonic maasuning equipmeant.

Celazole PBI is also an exceflent thermal inzulator. Other plastics in malt do not stick to PBIL These
characteristics make it ideal for contact seals and insulator bushings in plastic production and
molding equipment.

Fig. 30 - COMPARATIVE TENSILE

STRENGTH VS. TEMPERATURE Fig. 37 - FLEXURAL MODULUS VS, TEMPERATURE
Temparature (*C)
<18 2] i nEC Temperature {C]
]
® 2. 8 10 e 26 D wir PRODUCT APPLICATION:

E High heat insulator bushings

& 1,000 T
00 Coecariie . |55 * Problem: Hot nnner systems needed
s | + 5 a matenal that could endure the high

E o 2 termperatures but did not "stck” to the

E 00 15 frish moided parts

] 'I‘:.l} 200 300 400 500 L] o Bod f SD[utan.' mlr

| outperformed &l other matenals tested it

TRRee LTy | ther anohcation,

« Benefits: Celuole PRI s unigue in ifs cass
of cigan Lo n hot runner systerns. Molded
peEts o not sick 1o Celarole durmyg ther
"freeze” oyoke in the rmokd

Tech MNotes:

Ceiazale PBI is extremely hard and can be challanging to fabnicate, Polverystaline diarmond tools are

recommended when fabricating production quantibies. Celazole tends o be notch senzitive. AT cormars

should be radiused (0.040° min.} and edges chamiered o maximize part toughness, High tolerance

fabncated companents should be stored in sealed conlainers (usually polvbags with desiceant) to svaid

dhmensional changes due fo marsture absorplion, Companents rapidly expased to termperalures ahove

400°F (205°C) should be “dred™ pror 1o use or kept dry to avoid deformation from tharmal shock. O
A



>> STATIC DISSIPATIVE AND SEMICON PRODUCTS

SEMITRON®

PRODUCT PROFILE

STATIC DISSIPATIVE PRODUCTS WITH
THERMAL CAPABILITIES TO 500°F (260°C)

\SEMITRON" )
PRODUCT APPLICATION:
W " The Semitron® ESd family of static dissipative products was designed by Cuadrant for use whera
electrical discharge in operation is a problam. They are commonly ussd for sensitive electronic
= Problem: Delcate complete and IrHxocess companaents including: integrated circuits, hand disk drives and circuit boards, Sarmitron products are
walers wiere destioyed by exposure o also an excellent choics for material handling applications. and components in tigh speed electronic
ESD chages printing and reproducing equipment.

* Solution: Semiron 50225 a state Semitron® ESd products are inherently dissipative and electrically stable unlike many other “dissipative”
dissipative FOM was able to repéce plastic shapes (see Table 7). They do not rely on atmosphenc phenomena to activate, nor are surface
the unfilad mon and acetal grades thit traatments used to achieve dissipation. Static electricity is dissipated through these products as readily
cousdn't handle the stalc present as it is dissipated along the surface, All of these products dissipate 5 KV in less than 2 seconds per
1 the manufactLang enaonment Mil-B-81 7050

* Benefits: Foonomical Semitron E50 225
safely Beods away static created durrg
harxding whis offering the wear resstance of SEMITRON" ESd 225 STATIC DISSIPATIVE ACETAL
unfilisct PA and POM materals, Semitron™ ESd 225 Is ideal for fixturing used in the manufacturing of hard disk drives or for anding

in-process silicon wafers. It is tan in color.

» Surface resistivity: 10° =107 2/ sq.
» Tharmal performance 1o 225°F (107°0)
= Good wear rasistance

SEMITRON® ESd 410C STATIC DISSIPATIVE PEI
Semitran® ESd 410C is ideal for handling integrated circuits through the test handier environment.
Itis black in color and opaque.

o Surface resistivity: 10° =107 0Q / sq.

* Thermal performance to 410°F (210°C)
= Low stress for tight tolerance machining
s High strength and stiffness

PRODUCT APPLICATION:

Test sockets Table 6

* Problem: As desgnens Iy 10 gal more 102 108 1018 1002
pins info & smaller spece, IC testing Conductive = - Innitiatiie:
becomas more chalkenging and axisting Materials Materials
materals coukh 't handle the physcal Conductive Dissipative High
damands of testing whike managng tha Range Range Resistivity
possive repested exposure to ESD. ' Range

* Solution: Sermtron ES0 420V = a new
ratenial that meets &l of the dimensional | Tech Notes
and themnal dermands whils providing a8 It is important 1o know how apphed voltage affects the resistance of 8 matsrial, Some materials exhitr
demonstrated abiity fo handle repaaled high high resistance af low voltages, bur when subjectad to hersher conditions, they can fail. This is due ta
VollagE EXpOSLIES. ¥y dielecine breakdown and is irmeversible. This chart ilustrates the affect of sequential spplicanons af 100

« Benefits: Semiton ESg420V isa I rthrough 1,000 volts, then a retumn to 100 volts to detenmine the hysieresis. Since static glecincity can
nonsbughing rmiteral that combines be several thousand volts, consistent performance across the voltage range must be considgred,
m_m mwm Some matenals sre very inconsisfent and vary-on the “grain™ of mactining. One pair of lines dusirate the
nesmstant dimensonal sabily of PENwith typical vanation from side o side (4 to Bl of the same sample, This example demonstrales the need for

& naw level of ESD managerment, consistent behavioy i Service

ot



SEMITRON® ESd 420 STATIC DISSIPATIVE PEI
Semitron® ESd 420 is the only, truly dissipative plastic product for use in high temperature applications.

o Surface resistivity: 107 =107 2 / 50.
= Thermal performance

SEMITRON® ESd 420V STATIC DISSIPATIVE PEI

Semitron® ESd 420V offers dissipative performance of 10° 1o 10° ohmafsquare over its full temperature
performance range. It is a stiff, high strength materal that is not subject to dimensional change as a
resull of exposure 1o moisture, Semitron® ESd 420V |s a cost effective altemative for applications that
do not require the thermal performance of ultra-high performance materiais,

SEMITRON® ESd 480 STATIC DISSIPATIVE PEEK

This PEEK based static dissipative material provides a dissipative range of 10° to 10°  / sq. Semitron ESd
480 is very dimensionally stable, making it ideal for critical test fixture applications. is exceptional
chemical resistance makes it well suited for use in wafer handling and other structural applications in
wet process tools where static dissipation is important, Like all Quadrant Semitron® ESd matenals,
Saemitron ESd 480 Is not subject to diglectric breakdown, (See tech note on the prior page)

SEMITRON" ESd 520HR STATIC DISSIPATIVE PAI

Semitron® ESd 520HR has an industry first combination of electrostatic dissipation (ESd), high strength
and heat resistance. This new ESd material is ideal for making nests, sockets and contactors for test
ecuipment and other device handling companents. The key featurés of 520HR are its unigue abiity to resist
diglectric breakdown at high voitages (>100V), The graph below demonstrates the siectrical
performance of plastic maternials commonly used in automated test handlers. Typlcal carbon fiber
enhanced products become imeversibly mone conductive when exposed to even moderale voltage.

Only Sernitron™ ESd 520HR maintaing its performance throughout the voltage range, while offering
the mechanical performance needed 1o éxcel in demanding applications,

* Surface resistivity: 10" =10" 2 / sq,

Fig. 32 - SURFACE RESISTIVITY Table 7 - STATIC DISSIPATION

PRODUCT APPLICATION:
Electronics fixture

Problem: |Afie manuBciunng AC had
tlizks & nearty Sensor Was poking LD SEc
charges that were causing probisms with
[FOCESS SIechionics.

Solution: The unflled plastic part was
repaced by & mackined fidure msds
Semtron ES4 520HA.

Benefits: The Semitron E5a B20HR sensor
coud safaly withstand the J00°F

DO0ess tampergilves and maintan the
precisg pasiton required - all whia safiely
bleeing awsy static changes.

o .
p W —"‘\ == (Surface Resistivity, ohms/sq.)
B g ww \ | )
3% w0 \I\ || - Semitron® ESd 225 107 =10
edman==——g il -1
o4y S i Semitron® ESd 420 10° =10
* w:n : a'm : m: e ‘Semitron® ESd 420V 10° - 10°
Applied Volt - : e
'H’Bﬁmaﬂ !B‘NDFPEE:B-!U'EBFEI.'SP-‘Hi ~Semivon® ESd 480 10 10
" ETRON GFao pEEK " VESPEL" SP.21 A Semitron® ESd 520HR 10" - 10



>> NYLATRON®* CUSTOM NYLON CASTING

SPECIALTY CAPABILITIES _

A COMPONENT SHOULD HAVE:

; ’ , - P 1
* A continuous operating temperature (in use ervironment) between * Custom W Shapes - P

-40°F to 200°F (-40°C to 93°C) Custom sizes of rod, sheet, tubidar bar,
= Continuous working stress that does not exceed 3,500 psi * Large selection of tooling already available
o A finished part size between 4 oz, and 800 lbs. (equivalent 1o a 5,600 « Limittess size availability
. stes! part) « Lowest cost tooling of any process
» Sufficient complexity or deatail 1o make machining from a stock shape Best Choice When You Have:
too costly Less than 100 pieces, or intricate parts that must be machinad,
_ . -+ Near Met Shapes - Fictue 2
|:I SPECIALTY \: Castings of close to finish dimensions, supplied sufiiciently over size for
—_— finish machining.

Quadrant Engineering Plastic Products has Minimal machining requined

the unigue capabdity of casting myon to
custom mill shapes, cast blanks, near net
shapes or cast to size finishad parts, Lising
the total cost to manufacture enginesred
components. Custom cast nylon parts
often effectively replace machined plastic
parts, sand cast metal parts, and muttipart
metal assemiblies.

Custom casting offers a manufacturing alternative that bridges the plastic
tabrication methods of machining from stock shapes and injection
molding of thermoplastic parts. It is ideal for small and medium quantity Economical on moderate run sizes

production runs of parts too large or too costly to injection mold. Part size Best Choice When You Have:

and production guantities most aften custom cast are found in Figure 33. Quantities of 1,000 or more per year, or parts that cannot be injection
Mylatron® and Monocast® (MC® cast nylons produce tough, strong. molded due to high tooling cost, geometry, or size.

resilient, and highly wear resistant parts that cost effectively replace bronze,

brass, iron, steel and aluminum in many heawy-duty industrial applications.

Custom cast parts are made by a propriatary monomer casting process
in which kquid monomer is directly polymerized into mylon polyrmer in the
modd. Parts of vifually unlimited size and thickness, retaining internal
soundnass can be produced by Custom Casting, Eleven ft. tall skde bars
and six fest diameter dryer gear rings that weigh 250 bs. are just a few
of the very large parts Quadrant has produced wsing Custom Casting,
Four inch bearings, bottle handling cams, and gear blanks cast over steel
coras are also chst-effectively cast to a near net size, saving machining
and assembly time and material costs.

* Can cast non-critical dimensions

Maost efficient use of material

Best Choice When You Have:
100-1,000 part requirement or when multiple pars are possible from a
single near nat shape.

-+ Cast to Size - Piclure 3

Castings the part to complete or nearly finished dimensions. Parts may
require no machining, or machining only on critical dimansions,

Minimal or no finish machining required

"

Ficture 1 - Nyiatron® MCS01 Spur

Fig. 32 - WHERE NYLATRON® CASTING FITS gears are machined from custom
(TYPICAL PART SIZE AND QUANTITIES) size tubular bar,

Fictura 3 - Thig 19 diameter
Mylatron® GSM sheave requires
anby finish machining of the bore
for bearing prass fit.

Ficture 2 - Most details on this
16" long = 1-'%" thick spring cap
were cast to siza




(" CUSTOM CASTING APPLICATION )

CAN YOU REDUCE YOUR COST TO MANUFACTURE
PLASTIC PARTS USING A QUADRANT CUSTOM
NYLON CASTING?

The following graphs enable you to evaliate the potential for using a
Quadrant custom casting or near net shape 0 manufacture a given
shape. Custom castings can be used to reduce the cost to manufactune
certain parts by

1) Eliminating certain difficult {time consuming) machining operations
2) Reducing machining scrap and cycle time by improving the overall material vield
3} Eliminating the machining of less-critical dimensions.

S Lb. (or less) Part

30%

50%
Yield

75%

maybe

Cast? no

—
500 1,500 3,500 5,000
Mumber of parts

15 Lb. Part

30%

Yield
75%

BO0%

a0 100

250 500
Mumber of parts

USING THE GRAPHS - STEP-BY-STEP

1. Estimate the weight of the part fin Ibs) and find the appropriate
graph befow.

2. Estimate the machining yield: finish part weight/weight of the stock
shape required to machine the parts if the part was 1o be machined
from a stock shape (rod, plata, tubular bar),

3, Estimate the annual quantity of parts requirad.

The intersaction of the yiekd and number of parts wil indicate whether the
part s a good custom cast part; “YES"; potentially a custom cast
candiclate: “maybe”; or not a good custom casting: "no.”

Contact Quadrant for help evaluating "maybe” parts or for a quotation of
"YES" custom cast parts.

10 Lb. Part

50%
Yield
75%

80% L

50 100 250 500
Mumber of parts

20 Lb. Part

30%

50%
Yield
75%

80%

25 50 100 250
Number of parts



CAST

>> PRODUCT SIZE RANGE CAPABILITY

AVAILABILITY

EXTRUDED

Product Rod* Plate Tubular Bar Disc Other
Mylon 101 PA 0E2*-5° [031°-3" (A)H) aul - Hex & Square Rod/Bushing Stock
Nylatron® GS PA DE20-2* 03142 [ANH) au - Bushing Stock
Acetron® GP POM L62°-12° | .031%-4.5% (A,DH) | 1.97"-13.5" 0D, ,393"-11.8" ID - Hex & Square Rod/Bushing Stock
Semitron® ESd 225 POM A87-67 25°-4" (A) = - -
Dealrin® POM .25"-8" £25"-4" (A H] au - -
Dalrin® AF Blend POM .25"-6" .25"-3" (A) Qul - =
Ertalyte* PET-P 375°-7.08" A078%-4" (A,G) 787°-7.87" 0D, 472°-6.3" 1D - =
Ertalyte* TX PET-P 394°-7.88" | .315-3.94" (G} | .787"-7.87" OD, 472°-6.3" 1D - =
PC 1000 PC e2t-6" 25"-3.0" (A} aul - -
PSU 1000 PSU 255" 25°.3,0" () aul = =
Ultem® 1000 PEI 1250-6" 25"-4.0" (A) aul - -
Ultern® 2300 PEI A" A75%-3.00 (A) - - -
Radel* R PPSU .25"-g" 253" (A) - - -
Techtron® PPS 255" 252" [B.A) aul - 2
Techtron® HPY J236°-3.94" | 196%-3.5"(G) | 1.97°-7.88° OD, 1.18"-6.3" ID - -
Ketron® PEEK 125%-6.0" .250"-4.0" 1.87"-10" 0D, 1.18"-8" 1D - -
30% Glass Ketron* PEEK | .236"-4" J97°-2.36 Qul - -
Katron* HPY 236"-3.94" | 107%-2.36" (G) | 1.97"-7.88° OD, 1.18"-6.3" ID - =
Torlon® 4203 PAI JDgz"-2" .25"-1.00" (B} aul " =
Torlon® 4301 PAI 252" .25"-1.00° (B} aul - =
Torlon® 4XG 375°-1.5" JA87-375" (1) Qul - =
Torlon® 4XCF A75"1.5" | .187-.375" (1) aul - .
CF PEEK 236"-315" | 197236 aul . -
Mylatron® 703 XL - .ar5"-4" - - Custom Castings
Mylatron® GSM PA 2°-3a8" A8T-6" (AD) 2°-80" OD, 1°-78" 1D 12"-80" dia. Gear Rings & Custom Castings
Mylatron® GSM Blue PA 253" JA87"-6" (A,0) 2°-80" OD, 1"-78" 1D 12"-80" dia. Gear Rings & Custom Castings
Mylatron® LIG 2=-3g" A87-6" (A,0) 2°-80" OD, 1°-78" 1D 12"-80" dia. Gear Rings & Custom Castings
Mylatron® LFG 2=-3g" 187-6" (A,D) 2°-80" 0D, 1*-78" ID 12"-B0" dia. Gear Rings & Custom Castings
Mylatron® NSM PA 2"-38" A87"-4" (A,0) 2°-80" OD, 1°-78* 1D 12"-80" dia. Gear Rings & Custom Castings
MC® 301 PA 2°-38" J87-8" (A,0) 2"-80" 0D, 1°-78" ID 12"-80" dia. Gear Rings & Custom Castings
MG 20T PA 2"-38" 187-8" (A,0) 2°-80" OD,1°-78" 1D 12"-80" dia. Gear Rings & Custom Castings
PVDF - 251" - - -

Ky Ul = Quote Upon Inguiry E = 127 Wide x 24" Long

A = 24" Wide x 48" Long
B = 12* Wide x 48" Long
C =12 Wide x 12" Long
D = 48" Wide x 120" Lang

(Capabiliies subject to changs)

F= 14" Wide x 28" Long
G = 24" Wide x 39" Long
H = 24" Wide x 144" Long
| = 4" Wide x 48" Long
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Product Rod* Plate Tubular Bar** Disc*
Semitron® ESd 410C PEI 3753 A75°-2%(C.E) & 6.25°-10,125" dia.
Semitron® ESd 420 - A75%2" - -
Semitron® ESd 420V - A75%-1.25" - -
Semitron® ESd 480 - A75%-1.25" - -
Semitron® ESd 500HR PTFE - .25"-2°(C) - -
Semitran® ESd 520HR PAI - AT5"1.5°(C.EF) = -
Fluorosint® 500/207 PTFE 5°-B.75" 25-3%C,E) 1.257-54" 0D, 5" -44.5" 1D 3.75"-12" dia.
Quadrant PPS 1.125"-5% A75"1.5"C.E) 1.5"-8.625" 0D, 75"-7.26" 1D | 3.5"-11.375" dia.
GQuadrant GF40 PPS 1.0"-6" ATE-2"C.EF) 1.5"-10.5" 0D, .75°-7.125" ID 3.5"-9" dia.
Quadrant BG PPS 1.0"-5" | 375"-1.75°C.EF) 1.57-12.5" 0D, 75"-105° 0 | 3.5°-11.375" dia.
Ketron® PEEK 1.0%1.25° - 1.625"-12.5" OD,.75"-11" ID -

30% Glass Ketron® PEEK 1.0%-1.625" - 1,625°-12.5* 0D,.75"-11" ID -

30% Carbon Ketron® PEEK 1.0"-3.75" - 1.625"-36" 00, .75"- 11" ID 3.5"-10.125" dia.
Bearing grade Ketron® PEEK | 1.0°-2° = 1.75%-36 0D, 75" -20.5" ID 3.5"-9.0" dia.
Toron® 4503 PAI 2.25%-10° - 1.625%- 36" 0D, .75°-29.5" 1D 4"-12" dia.
Toron® 4501 PAI 2.25°-10" | 375 -1.55CER 1.625"- 38" 0D, .75"-29.5" 1D 3.5"-15" dia,
Toron® 4540 PAI 2.25"10" | AT5"1.5"(CEFR) 1.5%- 36" OD,.75"- 29.5° |D 3.5"-15" dia.
Torlen® 5530 PAI 1.625%10" | .375"-2%C.EF) 1.625" - 36" 0D, .75" - 29.5" ID 3.5"-15" dia.
Duratron® XP PI A75"-2 875" A75%-2%(C) 1.875"-11.75° QD,.75"-7.5" ID -
Duratron® 150 PI 1.0"-2.875" | .375"-2(C,E) 1.6257-7.25" 0D, 75" - 6.0° 1D 3.5"-8.0" dia.
Celazole* PBI S75%-3.75" 45"-1.5"(C.E) 1.625"-10.75° 0D, .75°-7.0" ID 3.5"-8.07 dia.

*

Length imited by size and materizl

** Length limited by size, wall thickness and material

(Our capabifities are always growing, so give us a call to see if your configuration is possibla.)

QU = Quote Upon Inguiny
A = 24" Wide x 48° Long
B = 12" Wide x 48" Long
C = 12" Wide x 12" Long
0 = 48" Wide x 120" Long

E = 12" Wide x 24" Long
F = 14" Wide x 28" Long
G = 24" Wide x 38" Long
H = 24" Wide x 144" Long
| = 4" Wide x 48" Long




I PRODUCT COMPARISON

Test Quadrant
Method Mylan Mylatron® Nylatror® Mylatron® Mylatror® Hylatron®
Lnits ASTM 101 G5 GF30 MC® 307 MC® 901 GEM
MoS; Blue, Heat MoS;
Unfilted Filled 30% Glass Linfilled Stabifized Filled
Product Description PAGE PABE | Filled PABE PAB PAG PAB
Extruded Exctrusched Extruded Cast Cast Cast
1| Specific Gravity, T3°F, D7az 1.15 1.16 1.29 1.15 1.15 1.16
2| Tensite Strength, 73°F, psi D638 12,000 12,500 13,500 12,000 12,000 11,000
3| Tensile Modulus of Elasticity, 73°F, psi D638 425,000 480,000 75,000 400,00 400,000 400,000
4| Tensile Elongation {al break), 73°F. % De3d &0 25 5 20 20 a0
5| Flexural Sirength, 73°F. pes D7an 15,000 17,000 21,000 16,000 16,000 16,000
6| Flaxural Modulus of Elasticity, 73°F. psi D790 450,000 460,000 650,000 500,000 500,000 500000
7| Shear Strength, 73°F. psi D073z 10,000 10,500 11,000 11,000 10,500
8| Compressive Strength, 10% Deformation, 73°F, psi Deas 12,500 16,000 18,000 15,000 15,000 14,000
9| Compressive Modulus of Elasticity, 73°F. psi DRSS 420,000 420,000 00,000 400,000 400,000 400,000
10| Hardness, Rockwell, Scale as noted, 73°F, - D785 M85 (R115) | M85 (R115) M75 MB5 (R115) | MB5 (R115) | Ma0 [R110)
11| Hardness, Durometer, Shore "D” Scale, 73°F. D2240 D80 Da5 Das5 DBs Das
12| lzod Impact (noiched), 73°F. buin. of notch . bn ofnoich | D256 Type "A" 06 0.5 0.4 0.4 0.5
13| Coefficient of Friction (Dry vs. Steel) Dynamic QT 55007 025 0.2 0.2 0.2 02
14| Limiting PV (with 4:1 safety factor applied) It lbs.in min | QTM 55007 2.700 3,000 3,000 3,000 3,000
15| Wear Factor %" x 107 in-minf. lbs. he.| QTM 55010 &0 % - 100 100 40
16 | Coeficent of Linear Thermal Expansion (40T 0 300F) | inin/F E-831 (TMA)| 55x10° 4x10° 20x10°% | 50x%10% | 50x10* | 50x10°%
E' 17| Heat Deflection Temperature 264 psi o DE48 200 200 400 200 200 200
Pl 18| Tg-Glass transition (amorphous) F Da418 NIA NIA NIA A A WA
£l 19| Melling Point {crystalline) peak F D3418 500 500 500 420 420 420
il 20 | Continuous Service Temperature in Air (Max.) (1) F 210 220 220 200 260 200 |
21| Thermal Conductivity BTUinr. ft* F F433 17 1.7 1.7 1.7 1.7 -
2 22| Dielectric Strength, Short Term Volts/mil D149 400 350 350 500 500 400
g—“i 23| Surface Resistvity ohmisquare | EOSESD SN =10" =10 =10" =107 =10"
el 24 | Dielectric Constant, 10 Hz D150 36 3.7 37 3.7
rll 25| Dissipation Factor, 10 Hz D150 0.02 i
B Flammability @ 3.1 mm (18 in) (5) UL 94 V-2 y-2 V.2 HB HE HE
27| Water Absorption Immersion, 24 Hours % by wi. D570 (2) 0.3 0.3 0.3 0.6 0.6 06 |
28| Water Absorplion Immersion, Saturation % by W 0570 (2) 7 7 55 7 7 7 1
29| Acids, Weak, acelic, diute hydrochlonic or sulfuric acxd @73F L L L L = L
30| Acids, Strong, cong. hydrochloric or sulfuric acid @73F U 4] 1] L L 4]
el 31 | Alkalies, Weak, dlute ammonia or sodium hydroside @73F L L L L L L
— 2 Alkalias, Strong, sirong ammonia or sodium hydncoode| @73F U ) 1] ] u u '
=3 33| Hydrocarbons-Aromatic, benzene, toluane @73F A A A A A A
b 34 | Hydrocarbons-Aliphatic, gasofine, hexane, grease|  @73°F A A A A A A
ol 35| Ketones, Esters, acelone, methyl ethyl ketone @73F A A A A A A
36| Ethers, diethy! ether, tetrahydrofuran @7IF A A A A A A
47| Chiorinated Solvents, methylena chioride, chiorodorm @73F L L 1 L L L
38| Alcohols, methanal, ethanol, anti-reeze @73F [E L E L L L
38| Continuous Sunlight @T3IF L L i L L L
40| FDA Compliance Y N M Y M M
41| Relative Cost (4) g 5 3 § $ t3
42| Relative Machinability (1-10, 1=Easier to Machine) 1 1 4 1 1 1




Diass mpressent Cuscrint ™ enlimaling maxemLm g e sanac bemparatuee bised on praclical feld eapsnsncn

Specrnens /5" thick x 2° ola. or squom

A w ACDIOIRDN Shrvich

L = Limsead Senace

(<1} Eﬁ?lﬁfrmgzicmii;::'r”:eﬂfn oF M0 AEDbod Dines. orhirbid Stiss. eepecaly rniend may el 0 mors severe altack Exirmpin of (U n Lo
2] Restacver cost of eatansé profied in s Drochees (§ « Least Expensen and 555558 = Mot Expensius) O = Chuscirant Test Mahod
(=] Estimarted rating based on avallable data. Tre UL 155 Tes s 0 ladaanney eul s coss not riile b octunl S hageen. Contec! Dot bor
spcilic UL “refion’ Caan” pecoogetion numiset
. m ?f’iﬂﬁﬁ.ﬂ?&ﬁfﬂm.
daln el e pubisteeg
Nfao® | Nylaoo® | Nylatron® | Nylatron® | Mylatron® | Acetron® Delrin® | Delrin® AF | Semitron® | Ertalyte® | Enalyte® | Symalit
LG LFG GSM Bl NSM T03XL GP Acetal Blend ESd 225 PET-P TX PVDF
EDA and| Premium, | Premium, Prilien : o Pramium,
Oil Filled | Compliant '"S.';S:,-Hed Lot | (o9 | Porosity-free PTFE Filled nif.éfm mmi Lo | Unfilled
PAG  [Of Filed P PAG Filed PA6 | Filled Pas | POMC POM-H |  POM-H POM PET | Filed PET | PVDF
1 1.14 1,14 1.15 1,15 1.1 1.41 1.41 1.5 1.33 141 1.44 1.78
2| 9800 8,900 10,000 11,000 9,000 8,500 11,000 8,000 5.400 12,400 10,500 7,000
3| 465000 | 465000 500,000 410,000 400,000 400,000 450,000 435,000 200,000 460,000 500,000 300,000
4 50 50 a0 ! 20 15 30 30 15 15 20 5 100
5| 15000 15,000 15,000 16.000 13,000 12,000 13,000 12,000 7,300 18,000 14,000 8,000
6| Ses000 | 525000 500000 | 475000 360,000 400,000 450,000 445,000 220,000 490,000 360,000 290,000
7| 9300 8300 : 10,000 ; 8,000 9,000 7,600 6,000 8,000 8,500 5
B | 13500 13500 | 13.000 14,000 10,000 15,000 16,000 16,000 8,000 15,000 15,250 10,000
9| ss0000 | 330000 | 425000 400,000 360,000 400,000 450,000 350,000 175,000 420,000 404,000 160,000
10 | M85 (R120) | M8S (R120) | MBO(R117) | MBO (R110) MES MB8 (R120) | ME3(R122) | ME5(RNS) | MS0(R108) | Ms3(RIZS) M4 M75
m i i D85 D85 088 D83 076 D87 D80 D78
12| 10 | 15 ng 05 0.7 | 1 07 1.5 0.5 04 30
13| 014 D14 DB 0.18 0,14 0.25 0.25 0.19 029 0.2 0.19 :
14| 6,000 6,000 5,500 15,000 17,000 2,700 2,700 B,300 2,000 2,800 6,000 z
90 a0 65 12 26 200 200 B0 30 B0 a5 .
55x10° | 56x10* | 55x10° | 55x10° | 48x10°% | s4x1w0® | a7zt 5x10°* 93x10° | 33x10® | 45x10° | 6Bx10°
200 200 200 200 200 220 250 244 225 240 180 230
/A NIA NiA /A NIA NIA NiA NiA S NiA MIA NA
420 420 420 420 420 335 347 347 320 491 491 340
220 220 200 200 200 180 180 180 180 210 210 300
- - - - - 16 25 - - 2 19 1.5
22 - 400 420 450 400 - 285 533 260
23 =10" 10" =107 >0 >10" =10 100 — 10" =10" >107 s107
24 ! 38 a7 31 431 34 26 B.4
25 0.005 0.005 0.01 036 0.02 02 0.165
26| HB HB HE HE He HB HB HE HB HB HE v
’ﬁ? 0.3 03 0.3 0.3 0.47 0.2 0.2 D2 2 0.07 D.06 03
28| & B 6 7 7 08 0.9 1 8 0.4 047 05
29 L L L L L L L L L A A A
] U ] U U u u u u u L L A
31 L L L L i A A A A & A L
2] U u U U u u u u u ] u u
33 A A A A A A A A A A A A
34 A A A A ) A A A A A A A
o ey A A A A A A A A A A U
‘| A A A A A A A A A A A L
a7 i L L L L L L L L u u L
38 L L L L L A A A A A A A
3 L L L L I b L L E L L L
fEI M ¥ N N N Y Y M N Y Y Y
41 $ $ $ §% 5§ $ s $5 $$ 88 $ $
2{ 2 2 1 1 1 1 1 1 1 2 2 3




THERMAL

ELECTRICAL

CHEMICAL (3)

I PRODUCT cOMPARISON

Test Cluadrant Cuadrant
Method Techtron® | Quadrant | Techiron® BG GF40 Fluorosint
Units ASTM PF5 PPS HPV PPS PPS 207
Premium, . - FDA
Unfiled | Unfiled | | So% m G,la:: Filled gonvied
Product Description PPS PPS Eilled PPS PPS PPS PTFE
1| Specific Gravity, 73°F ore2 1.35 1.35 1.43 1.52 1.7 2.3
2| Tensile Strength, 73°F, e De3s 13,500 10,000 10,900 2100 13,000 1,500
3| Tensile Modulus of Elasticity, 73°F. psd DE3g 500,000 325,000 540,000 280,000 730,000 250,000
4 | Tensile Elongation (at break), 73°F. % De38 15 5 5 1 2 50
5| Flexural Strength, 73°F. pei D730 21,000 18,000 10,500 10,000 23,000 2,000
6| Flexural Modulus of Elasticity, 73°F. pai D7an 575.000 370,000 535,000 820,000 1,000,000 350,000
7| Shear Strength, 73°F, _ psi D73z 9,000 % 1,700
8| Compressive Strength, 10% Deformation, 73°F, psi D685 21,500 18,000 15,500 15,000 24,000 3,800
9| Compressive Modulus of Elasticity, 73°F. psi D5 430,000 410,000 242,000 800,000 1,300,000 225,000
10| Hardness, Rockwell, Scale as noted, 73°F. . D785 M35 (R125) | MB3 (R125) a4 M33 (R126) | M34 (R125) RS0
11| Hardness, Durometer, Shore “D° Scale, 73°F, D240 D85 D85 Des DE6 Bes
12| lzod Impact {notched), 73°F. buin of nolch ft buin of nolch | D256 Type “A” 0.6 0.6 1.4 1 1 1
13| Coefficient of Friction (Dry vs, Steel) Dynamic QTM 55007 0.4 0.4 0.2 0.2 0.1
14| Limiting PV (wilh 4:1 safety factor applied) fi. Ibs./in.* min | QTM 55007 3,000 3,000 8,750 25.000 . 8000
15) Wear Factor %" x 10® in-minfi. Ibs. hr,| QTM 55010 2,400 =2,000 g2 800 - 30
16 | Coefficient of Linear Thenmal Expansion (0°F o 300°F)|  in/in"F | E-831 (TMA) | 28x10° 28x10° 3ax10* L7x10* | 25x10® | 57%10%
17| Heat Deflection Temperature 264 psi °F DE48 250 250 240 490 400 2i0
18| Tg-Glass transition (amorphous) F 03418 hia, /A NiA A /A NFA
19| Melting Point (crystalline) peak ’E D3418 540 540 536 540 540 E‘ﬁ____!
20| Continuous Service Temperature in Air (Max.) (1) °F - 425 425 430 450 450 500
21| Themmal Conductivity BTU inJhe. L2 °F F433 2 2 21 22 21 =
22 | Dielectric Strength, Short Term Valts/mil D149 540 540 500 385 200
23| Surface Resistivity ohmisquare | ECOSESD 51111 =10 >10" =10 <10¢ =101 10"
24 | Dielecinic Constant, 10" Hz D150 3 3 = 2.65
25| Dissipation Factor, 10 Hz D150 0.0013 0.0013 0.008
26 | Flammability & 3.9 mm (18 in.) (5) UL 84 V-0 V-0 V-0 V-0 W0 V-0
27 | Water Abscrplion Immersion, 24 Hours % by wi, D570.(2) 0. 0202 0.01 .02 0.02 0.03
28| Water Absorption Immersion, Saturation % by Wi, D570 {2) 0.03 0.03 0.08 0.03 0.03 02
29| Ackis, Weak, acetic, dilule hydrochlors or sulfuric acid @73 F A A A A A A
30| Acids, Strong, conc. hydrochloric or sulfuric acid @IIF L L L L L A
31| Alkakes, Weak, dilute ammonia or sodiurm hydroxide @IFF A A A A A A
32 | Alkalies, Strong, strong ammania or sodium hydroxide @73F A A A A A u
33| Hydrocarbons-Aromatic, benzene, oluene @TFF A A A A A A
34 | Hydrocarbons-Aliphatic, gasoline, hexane, grease @rIF A A A A A A
35| Ketones, Esters, acetone, methyl athyl ketone @73°F A A A A A A
36| Ethers, diethyl ether, telrahydrofuran @7a°F A A A A A A
37| Chiorinated Sotverts, methylene chionde, chiorolom @73°F A A A A A A
38 Alcohals, methanol, ethancl, anti-lreeze a873°F A A A A A A
39| Continwous Sunlight 873°F L L L A A A
40| FDA Compliance ¥ M Y N M Y
41| Relative Cost {4) 5358 585 5555 55555 85253 £555
42 | Relative Machinability (1-10, 1=Easier to Machine) 3 & 3 5 7 1
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Ketran® Katron® Ketron® Ketron® Ketron® Ketron®
Fluorosint®|  Nol | Quadrant | Ketron® | Ketron® | UHP320 GF30 | CMGF30 | CA30 | CMCA30 HPY Semitron®
500 FPO BC 1000 | 1000 PEEK | CM FEEK PEEK PEEX PEEK PEEK, PEEK PEEK ESd 460
_ _ Ultra-high | 30% 30%  |30% Carbon| 30% Carbon | PrEMUM, | Static
Mica Filled | Unfilled | Unifilled Unfilled | Unfilled Purity | Glass Filled | Glass Filled | Fiber Filled | Fiber Filled | | oo | Dissipative
PTFE PRO PG PEEK PEEK PEEK PEEK PEEK PEEK PEEK | Filed PEEK | PEEK
w Extrudhod Extruded
232 1.08 1.2 131 1.32 1.31 1.51 165 1.41 1.42 1.44 147
1,100 8.300 10,500 16,000 15,000 16,000 14,000 7,400 19,000 14,000 11,000 14,500
300,000 | 367000 | 320000 | 630,000 450,000 | 500000 | 1000000 | 650,000 | 1100000 | 800,000 850,000 | 940,000
10 23 100 40 10 35 2 10 5 2 2 15
2,200 12,900 13,000 25,000 25,000 25,000 23,000 12,000 25,750 30000 | 27,500 21,000
500000 | 397.000 | 350.000 600,000 600,000 600,000 | 1000000 | 900000 | 1250000 | 1300000 | 1100000 | 1000000
5100 8,300 9,200 2,000 8,000 14,000 = = 11,000 10,000
1 13200 11,500 20,000 17,000 20,000 22,000 19,000 29,000 25,000 26,700 26500
316,000 | 300,000 500000 | 450,000 500,000 550,000 500,000 : 550,000 | 1,000,000 | 570,000
Moz | M75(R126) | MI0O{RI26) | MO0 (R125) | Mi00(R126) | M103 (R126) | Mioa(Ri24) | mioz | mo7 (R125) MBS | M107 (R122)
DBg D85 DBs Das D83 D86 D93 Das -
20 15 ! 1 10 08 10 1.0 14 7 10
04 0.4 0.4 02 0.24 21 0.20
8.500 12,500 25,000 25 000 41,000 20,000 17,000
ars 350 . i : 150 160 100 =
3562107 | 39x10° | 26x10° | 26x10° | 26x10° | 12x10° | 14x10° | 1x10* | 17x10* | 17xi0® | 17x10°
260 280 320 320 220 450 450 518 450 383 500
284 293 N/A NiA N/A NA /A N/A NA NA NiA
N/A N/A B4 Bdd 644 B4 644 644 B44 B4 644
200 250 480 480 480 480 480 482 480 482 475
kil =53 - 1.3 1.75 1.75 175 2.8 298 6.4 6.37 1.7 -
22| 275 701 400 80 | 480 480 500 550 32 : -
R =10 - =10" >10 | =10" =107 =10% =10 <1lF =10 10F = 10F
2q| 288 317 33 33 33 - - - -
25| 0.008 0.0009 0.003 0.003 0.003 - = -
o6 w0 HB VD V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0
7] 01 0.10 02 01 0.15 0.10 01 0.15 06 015 05 0.18
e8| 03 - 0.4 05 0.5 0.50 03 05 : 0.5 3 165
|29 A A A A A A A A A A A A
Bo| A u u L L L L L L L L L
51 A A A A ) A A A A A ) A
B2| v u u A A A A A A A A A
33 A u U A 4 A A A A A A A
|34 A L L A A A A A A A A A
Bs| A u u A A A A A A A A A
Bs| & L U A A A A A A A A A
Br| A U u A A A A A A A A A
Ba| & A A A ) A A A A A A A
Ba| A L L L L L L L A A A A
40 N " N y ¥ N N N N N N N
4] 5388 358 5§ 53553 55553 $3585% $3588 55858 33583 5535% 3528 $5548
be] 2 5 3 5 5 5 7 7 7 7 7 4

@



I PRODUCT COMPARISON

T
He?lfllzd CQuadrant Litem® Litem® Semitron® | Semitron® | Semitron®
Unitg ASTM PSU 1000 1000 2300 ESd 410C | ESd 420 | ESd 420V
30% Static Static Stafic
Unfilled Unfiled | Glass Filed | Dissipativ | Dissipative | Dissipative
Product Description PSU FPEI PEI a PEI PEI PEI
1| Specific Gravity, 73°F. oraz 1.24 1.28 1.51 1.41 1.34 1.51
2| Tensile Strength, 73F psi De3s 10,200 16,500 17,000 9,000 11,500 10,000
3| Tensile Modulus of Elasticity, 73°F. psi 0638 390,000 500,000 800,000 850.000 540,000 210,000
4| Tensile Elongation (at break), T3°F, % DE3s ao &0 3 2 2 15
5| Flexural Strangth, 73°F, . psi D7a0 15,000 20,000 27,000 12,000 14,500 15,800
6| Flexural Modulus of Elasticity, 73°F. ] 0790 400,000 500,000 850,000 850,000 650,000 910,000
7| Shear Strength, 73'F. pai D732 3,000 15,000 - 9,000 8,020
8| Compressive Strangth, 10% Deformation, 73°F. psi OS5 13,000 22,000 32,000 19,500 23,800 22,300
9| Compressive Modulus of Elasticity, 73°F psi DE95 375,000 480,000 625,000 600,000 370,000 545,000
10| Hardness, Rockwell, Scale as noted, 73°F. . D785 MB2 (R128) | MM2{R125) | M114{R127) | M115{R125) M118 M110 (ETE
11| Hardness, Durometer, Shore “0° Scale, 73°F. Dz240 bao Da6 D&g Das
12| lzod Impact (nofched), 73°F. & buin of notch f. bJin of nolch | D256 Type "A” 1.3 05 1 0.8 1 05
13| Coefficient of Friction (Dry vs. Steel) Dynamic | QTM 55007 0.42 018 0.28
14| Limiting PV (with 4.1 salety factor applied) ft. lbs.in? min | QTM 55007 - 1,875 12,000 9,500
15| Wear Factor & x 10 in-manft. s he.| OTM 55010 2,900 125 100 .
16| Coefficient of Linear Thermal Exparsion (-40°F o 300°F) inJinJ/*F E-B31 (TMA]| 31x10°® AIx 102 1.1x102 18x10% 1.95x10% | 1.5x10%
17| Heat Deflection Temperatura 264 psi " DE48 340 400 410 410 410 420
18| Tg-Glass transifion {amorphous) i3 D3418 ara 410 410 410 410 420
19| Mefting Point {crystaliine) peak * 03418 A NFA MN/A PiA A MNIA
20| Continuous Service Temparature in Air (Max.) (1) F - 300 340 340 338 340 340
21| Thermal Conductivity BTU inhe. " F F433 1.8 0.85 1.56 245 1.51 -
22 | Dieleciric Strength, Short Term Volts/mil 7 D149 425 B30 70 M = -
23| Surlace Resistivity ohmisguare |EOSESD 511.11 =10 =107 =107 10° =10° 10F =10 100 = 100
24| Diglectric Constant, 10° Hz D150 3.14 315 37 3 563 _+ 1
25| Dissipation Factor, 10° Hz D150 0.0008 00013 0.0015 0.0013 266 -
26| Flammabdity @ 3.1 mm (18 in.) {5) LIL 94 HB V-0 V-0 V-0 V-0 V-0
27| Water Absorption Immersion, 24 Hours e by wi. D57 (2) 0.3 025 0.18 0.3 0.5 021
28| Water Absorplion Immersion, Safuration: % by wi. Da70 (2) 0.6 1.25 0.8 11 29 1.4
29| Acits, Weak, acetic, diute hydrochionc or sulfunc acid @73°F A A A A A A
30| Acids, Strang, conc. hydrochloric or sulfuric acid @73F (0] u u U u U -3
81| Alabies, Weak, dilute ammonia or sodum hydroxide |~ @73°F A A A A A A |
32| Alkalies, Strong, strong ammonia o sodium frydroide @73F u u u u U u
33| Hydrocarbons-Aromatic, benzene, toluene @7AF u U u u u U
34| Hydrocarbons-Aliphatic, gasoline, hexane, grease | @73°F L L L L L |
35| Ketones, Esters, acetone, methyl ethyl ketana @73F U u u u L U
36| Ethers, disthyl ether, tetrahydrofuran @NF L A A A A A
A7 | Chiorinated Sohwents, methyiena chioride, chiorofiorm @t U u u ] u u
38| Alcohals, methanol, ethanol, anti-freeze @73F A A A A A A
33 | Continuous Sunlight @7AF L A A A A A
40| FDA Compliance ¥ Y M M N N__
41| Relative Cost (4) 558 $% 553 5388 55355 55585
42| Relative Machinability (1-10, 1=Easier to Maching) 4 3 7 4 4 4
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® iy e o s
Semitron®
Torlon® |  Torlon® Torlor™ Torlon® Torlon® Torlon® Torlon® Torlon® ESd Duratron® | Celazole®
Radel* R 4203 4503 4301 4501 4540 5530 4XG 4XCF 520HR XP PBI
30% 30% | 3% Casbon |  Static
Unifilled | Electrical | Electrical Bearing Bearing Bearing | Glass Filled | Glass Filled| Fiber Filled | Dissipative |  Unfilled Uniilled
PPSU | Grade PAl | Grads PAl | Grade PAl | Grade PAl | Grade PAI PAl PAI PAl PAI PI PBI
Extruded Extruded
1 129 1.41 1.4 1.45 1.45 1,46 161 1.60 1.47 1.58 14 1.3
2| 11,000 20,000 18,000 15,000 10,000 13,000 15,000 23,000 22,000 12,000 16,000 20,000
3| 340000 | 600,000 | 500,000 900,000 440,000 575,000 800,000 1,000,000 | 1,200,000 800,000 583,000 850,000
4 30 10 5 3 3 5 3 4 25 3% 4 3
5| 15500 24,000 24,000 23,000 20,000 24,000 20,000 30,000 20.000 20,000 32,000
6| 345000 | 600000 | 600.000 800,000 £50,000 680,000 900,000 980,000 850,000 600,000 950,000
7| @000 16,000 15,400 . x 12,600 -
8| 13400 24,000 18.000 22,000 16,000 17,000 27,000 40,000 37,000 30,000 24,000 50,000
5| 280,000 | 478,000 350,000 950,000 359,000 350,000 600,000 700,000 1,000,000 §00,000 450,000 900,000
10| Mo (R120) | Es0 (M120) | E80 (M113) | E70(M108) | E70 (M108) | EBS(M107) | Eas pizs) =) B M08 M110 E105 {M125)
11 Dao Da0 D90 D90 Dao . D5
12 25 2 15 0.8 05 1.1 0.7 1.0 0.9 0.8 14 0.5
13 - 0.25 0.3 0.2 0.2 0z 0.2 230 0.24 0.23 0.24
14 12500 | 7,500 22 500 22 500 7,500 20,000 14,000 27,000 32 500 37,500
15 >1,000 50 =1,000 10 4.5 315 . . 75 300 50 B0
A0t | 1.7x10* | 15x10¢ | 14xi0* 2x10°* 2x10% | Zexi0® 8x10° 5x10* 28x10% | 27x10% | 13x10°*
7| 405 532 532 534 534 534 520 = 540 ‘520 880 00 (DMA)
18] 428 527 527 527 527 527 527 527 527 ‘527 613 750 (DMA)
19)  NA NiA NA A NiA NiA NA NiA NIA NA NiA NiA
20| 300 500 500 500 500 500 500 500 500 500 580 600
21 24 1.8 18 3.7 a7 - 25 25 36 28 1.53 28
22| 380 580 600 700 700 475 700 550
23| >0 =10" =107 =10% >0 >10 107 . - 10 - 10 >10% >107
24| 344 4.2 42 6 B B.3 5.76 341 32
25| 0.0017 0.028 0.031 0.037 0.042 0.05 0162 0.0038 0.003
26| VO V-0 V- V-0 V0 V4 V2] V-0 V-0 V-0 -0 V-0
27| 047 04 0.35 04 03 03 03 3 a 06 0.4 0.4
28| 14 1.7 1.7 1.5 15 15 15 15 15 46 1.3 5
29| A A A A A A A A A A A L
30 L L E L L L L L L L L u
31 A L L L 1! L L L L L L L
32 A u u u u u u u u u U 1]
33 L A A A A A A A A A A A
| A A A A A A A A A A A A
35 u A A A A A A A A A A A
36 L A A A A A A A A A A A
37 u A A A A A A A A A A A
38 L A A A A A A A A A A A
<] E L A A A L A A L L L
40 ¥ N N N N N N N N M N N
4 525 58555 §553% 53555 $58%8 53555 $5388 555535 $5555% 58555 55555 55558
42 3 5 B 5 6 & B 8 B 4 5 10




