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Warranty Disclaimer

No information supplied by Performance Plastics constitutes a warranty regarding product performance or use. Any
information regarding performance or use is only offered as suggestion for investigation for use, based upon
Performance Plastics or other customer experience. Performance Plastics makes no warranties, expressed or implied,
concerning the suitability or fitness of any of its products for any particular purpose. It is the responsibility of the
customer to determine that the product is safe, lawful and technically suitable for the intended use. The disclosure of
information herein is not a license to operate under, or a recommendation to infringe any patents.

All data and conclusions disclosed in this document result from computations and /or extrapolations and/or
interpolations made on the basis of information provided to us in relation to the materials you are considering
processing, the processes you are considering to practise, and the products you are considering to manufacture, and
are provided solely to assist you in your design and/or optimisation process.

*We wish to advise you that the correctness and accuracy of these data and the conclusions drawn therefrom depend
upon the information provided and the assumptions made and, as such, are valid only to the extent that such
information and assumptions provide an accurate and realistic representation of the situation which will prevail during
the practice of your process(es). We therefore recommend that you consider and check carefully that such
information and assumptions are appropriate or whether they need to be adapted.

*PERFORMANCE PLASTICS AND/OR VICTREX PLC MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING,
WITHOUT LIMITATION, A WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR OF INTELLECTUAL PROPERTY NON-
INFRINGEMENT, INCLUDING, BUT NOT LIMITED TO PATENT NON-INFRINGEMENT, WHICH ARE EXPRESSLY
DISCLAIMED, WHETHER EXPRESS OR IMPLIED, IN FACT OR BY LAW. FURTHER, PERFORMANCE PLASTICS AND/OR
VICTREX PLC MAKES NO WARRANTY TO YOUR CUSTOMERS OR AGENTS, AND HAS NOT AUTHORIZED ANYONE TO
MAKE ANY REPRESENTATION OR WARRANTY OTHER THAN AS PROVIDED ABOVE. PERFORMANCE PLASTICS AND/OR
VICTREX PLC SHALL IN NO EVENT BE LIABLE FOR ANY GENERAL, INDIRECT, SPECIAL, CONSEQUENTIAL, PUNITIVE,
INCIDENTAL OR SIMILAR DAMAGES, INCLUDING WITHOUT LIMITATION, DAMAGES FOR HARM TO BUSINESS, LOST
PROFITS OR LOST SAVINGS, EVEN IF VICTREX HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES,
REGARDLESS OF THE FORM OF ACTION.
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l. Why Use PEEK™™?

Summary of Material Benefits and Key Characteristics:

O
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n
PEEK™ repeating

poly (oxy-1,4-phenylene-oxy-1,4-phenylene-carbonyl-1,4-phenylene)

PEEK™ from Victrex® is a linear aromatic thermoplastic. It can be modified with various filler
technologies - including carbon fiber, glass, ceramics, aramid fiber, PTFE lubricated and others - to
enhance performance. These combinations offer:

e Excellent Chemical Resistance
o Insoluble in most common organic and inorganic chemicals with exception of
extremely strong oxidizing acids.
e High Temperature Performance
o Heat distortion temperature up to 599 °F (315 °C).
o Continuous usage temperature of 500 °F (260 °C).
¢ Increased Strength
o Allows for thin wall design which saves space, weight and cost.
o Flexural moduli ranging 579,700 psi (4.0 GPa) to 5.7 x 10° psi* (filler dependant)
o Tensile strength of 14,500 psi (100 MPa) to 36,000 psi (x MPa)* (filler dependant)
e Wear Resistance and Lubricity
o Inherently lubricious, outstanding wear resistance.
e Low Flammability, Smoke and Toxic Gas Emission
o Allows for designs requiring thin wall thickness, but still require UL V-0 flammability
ratings (V-0 rated down to .057” / 1.45 mm)
o Out performs most if not all known engineering thermoplastics for smoke produced
under ASTM E662 testing
e Hydrolysis Resistance Polymer
o Performs well in pressurized steam applications and is not chemically attacked by
water
o Limited reduction in mechanical properties under continuous exposure in water at
elevated temperatures
e Radiation Resistance and Electrical Stability
e Sterilizability
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Peek' Grades

Unfilled Grades

150G Easy flow grade

450G General purpose grade

90G High flow grade (Note 150G has higher ductility)

Glassed Filled

150GL30 Easy flow, 30% glass fiber reinforced
450GL30 General purpose, 30% glass fiber reinforced
90GL30 / 90GL60 High flow material glass fiber

Carbon Filled

150CA30 Easy flow, 30% carbon fiber reinforced
450CA30 Standard viscosity, 30% carbon fiber reinforced
90CA30 / 90CA50 high flow, 30 % & 50% carbon fiber

Lubricated

150FC30 Easy flow, 30% carbon / PTFE grade

450FC30 Stand viscosity, 30% carbon / PTFE grade

450FC30 used to improve creep resistance and wear performance in dry environments

Crystalline versus Amorphous Effects on Mechanical Properties

A foundation question often overlooked or misunderstood is whether a specified thermoplastic material is
amorphous or crystalline. The answer has an effect on

mechanical and thermal performance, chemical resistance as Crvstalline Amorphous
well as dimensional and tolerance expectations. PEEK™ is a

linear aromatic semi-crystalline thermoplastic. Like all of the e

crystalline plastics, it has amorphous regions between and

connecting the crystalline regions. Figure 1 illustrates the

difference between a crystalline and amorphous polymer l

chains. In general, the ordering of the crystallites makes a semi-
crystalline material stiffer, stronger, more chemical resistant but

sometimes less resistant to impact than amorphous materials. CRYSTALS

Amorphous materials tend to soften slowly resulting in a gradual AMORPHOUS y

change in mechanical performance such as stiffness, modulus

and/or impact. They also exhibit better dimensional stability ' @
than semi-crystalline materials in an unfilled state. A designer s ( ¢

needs to be aware that PEEK™, like other semi-crystalline
materials, does experience a change in mechanical properties such
as tensile strength, flexural strength, and/or flexural modulus at the glass transition temperature of material (Tg).
PEEK™’s glass transitional temperature is approximately 143 °C (289 °F). During heating when the temperature
reaches the point of Tg the randomly oriented molecules begin to move, rotate and slide around. This allows hard
regions to become soft and flexible. From a structural point of view, mechanical properties gradually change at a
material’s Tg. In general the strength and modulus will decrease and the elongation may increase. Before the glass
transition point is reached mechanical properties will stay fairly constant.

Figure 1




In Figure 2 the red line in the graph illustrates the point of Tg, while the values for tensile strength, flex modulus,
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and flexural strength are significantly higher than most all other thermoplastic material available there is a rapid
drop in properties at this point as compared with values below Tg. Temperatures ranges above a material’s Tg
whether amorphous or semi-crystalline will have an impact on the material’s mechanical properties, this condition
is not unique to PEEK™ only.

High Temperature Stability

When evaluating applications with short
term exposure to high temperatures, the 350
Heat Deflection Temperature of a T E00
material is used to understand the =
material’s performance. PEEK™ has an 250 ] - S0
HDT value of 599 °F (315 °C) for grades ;5*" w
that are filled with 30% carbon or glass. & 2004 T @
The test for HDT is ISO 75, which i E
measures the temperature at which a £ 150 7 E
defined deformation is observed in a E L 200 E
sample under constant, defined applied e -
stress of 1.8 MPa (264 psi) for a time o L 1o
period of less than 5 minutes. Figure 3
compares a number of high performance o Lo
materials using ISO 75 HDT test values. Ts:-n;?n E‘E'I;Rég F'PéI;:'h FFgl;:;Z'h FP;;:B% FESE:M
As shown PEEK™ grades are superior to
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most other filled and unfilled thermoplastics.
From a material comparison point of view, HDT
can be thought of as the temperatures that the
two materials will have the same relative
modulus. It should only be used for short term
exposure evaluations.

When evaluating materials for product design at
elevated temperatures, arguably one should use
stress-strain properties at the service
temperature. Figure 4 shows typical stress-stain
curves at 300°F for 30% glass fiber filled
materials. Figure 5 displays two graphs, which
show the tensile strength and tensile modulus for

the 30% glass filled versions of the same materials

at temperatures up to 500°F.

As shown in Figure 4 and 5 PEEK™ provides an excellent balance of mechanical properties at elevated
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temperatures. PEEK™ can be used in applications requiring a continuous use temperature up to 500 °F (260 °C).
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Excellent Chemical Resistance

PEEK™ performs well in a number of varying chemical environments. PEEK™ is insoluble in most common organic
and inorganic chemicals with the exception of extremely strong oxidizing acids. Figure 6 illustrates how PEEK™

compares to other engineering materials.
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Hydrolysis Resistance

PEEK™ and PEEK™ compounds are not chemically attacked
by water or pressurized steam. These materials retain a high
level of mechanical properties when continuously
conditioned at elevated temperatures and pressures in
steam or water. The compatibility of these materials with
steam was evaluated by conditioning injection molded
tensile and flexural bars at 200°C (392°F) and 1.4 MPa (200
psi) for the times indicated in Figure 7. The data
demonstrates the ability of components made from PEEK™
to continuously operate in, or be frequently sterilized by,
steam (see Figures 8 ). The initial increase in the mechanical
properties is due to the relaxation of molded-in stresses and
further developments in crystallinity due to thermal
treatment. Typical amorphous resins, like polycarbonate,
polyetherimide, etc. are susceptible to stress cracking after
repeated steam sterilization and lack good chemical
resistance.

PEEK™ is an excellent candidate for product designs that
require sterilization. PEEK™ materials have shown to
maintain mechanical and chemical properties past 3,000
hours in high-pressure steam.
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Radiation Resistance

PEEK™ exhibits outstanding stability upon exposure
to radiation. Thermoplastic materials exposed to Radiation Resistance
electromagnetic or particle-based ionizing radiation PEEK™ has good resistance o a wide variety of radiation; alpha, beta, gamma, x-ray,
can become brittle. Due to PEEK™’s chemical microvave, ete

structure, components can successfully operate
when exposed to high doses of ionizing radiation. 1
Figure 10 shows that 450G PEEK™ has a greater 107
resistance to radiation than other materials. PEEK™
also exhibits good resistance to a wide variety of
other radiations such as: alpha, beta, gamma, x-ray,
and microwave. A comparative bar chart of
thermoplastic materials is shown in Figure 10, where

the recorded dose is at the point at which a slight 1 pasrene

Resistance to over 1,000 Mrads gamma, expected to exceed 10,000 Mrads

Gamma Dose (Rads)

Epoxy Polyimide Poslearbonatg, - FEP

Silicone Polysulphone

reduction in flexural properties is observed. Figure 10

The Oxidative Gamma Radiation Dose at which a slight deterioration of Flexural Properties occurs. Resistance to
over 1,000 Mrads gamma, expected to exceed 10,000 Mrads

Electrical Properties

PEEK™ is often used as an electrical insulator with outstanding thermal, physical and environmental resistance.

Volume Resistivity

Volume resistance and resistivity values are
used as aids in choosing insulating materials
for specific applications. The volume

resistance of a material is defined as the ZE+1E
ratio of the direct voltage field strength
applied between electrodes placed on 1.5E415 |
opposite faces of a specimen and the
steady-state current between those _—
electrodes. Resistivity may be defined as
the volume resistance normalized to a
cubical unit volume. As with all insulating =
materials, the change in resistivity with
o T T T
FET

temperature, humidity, component TTCIREX 4505 Polyimida p—

1EE+18

Surface Resistivity /

geometry and time may be significant and Figure 11

must be evaluated when designing for

operating conditions. When a direct voltage is applied between electrodes in contact with a specimen, the
current through the specimen decreases asymptotically towards a steady-state value. The change in
current versus time may be due to dielectric polarization and the sweep of mobile-ions to the electrodes.
These effects are plotted in terms of volume resistivity versus electrification time in Figure 11. The larger
the volume resistivity of a material, the longer the time required to reach the steady-state current.
Natural 450G PEEK™ has an IEC 93 value of 6.5 x 1016 Q cm at ambient temperatures, measured using a
steady-state current value for 1000 s applied voltage.




Using the same experimental 1E417
technique, the volume resistivity of 13C (TF)
450G PEEK™ is plotted versus AL e

temperature in Figure 12. This shows
that high values for the volume
resistance of natural PEEK™ are
retained over a wide temperature
range.
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I ficm
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1E+132

Volume Resistivity

1E412 - 200°C (392°F)

Surface Resistivity
The surface resistance of a material is _
defined as the ratio of the voltage ‘ 1 e A e = s
applied between two electrodes fime s

forming a square geometry on the Figure 12

surface of a specimen and the current
which flows between them. The value Temperature { °F

of surface resistivity for a material is et ":2 BrowEmEmom Em am A 4w
independent of the area over which it

is measured. The units of surface
resistivity are the Ohm (Q), although
it is common practice to quote values
in units of ohm per square. A
comparative bar chart of surface
resistivity’s for some high
performance engineering polymers at
ambient temperatures is shown in 1E411
Figure 13. This shows that natural -
450G PEEK™ has a surface resistivity o 50 100 150 200 250
typical of high performance materials. Temperature [ °C
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Figure 13
Surface Resistivity’s for Various Engineering Polymers tested at 25°C (77°F)
with 50% Humidity

PEEK versus Metal

PEEK™ is often used in situations where metal has traditional been the material of choice. However, PEEK™ offers
many advantages over metal such as comparable strength/mass, chemical resistance, low extractables (outgassing,
leaching), wear performance, manufacturing advantages via consolidation of parts and shorter manufacturing
time.

Wear Advantages

Performance Plastics and Victrex have had multiple
examples where PEEK™ was shown to be an excellent
material replacement for applications where
conventional bronze alloy gears have historically been
used. Figure 14 is an example where PEEK™ was used to
replace a bronze alloy distributor gear. The PEEK™
composite gear showed 5x improvement in service life
and an 81% reduction in weight.

Figure 14




Strength / Mass

Figure 15 displays comparable mass and strength data for various grades of PEEK™ verses commonly used
metals in the medical industry. PEEK™ also offers coefficient of linear thermal expansion values that are
close to metals for applications where metal to plastic is being considered.
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Chemical Resistance
PEEK™ is often used in place of metal due to chemical resistance needs. Below are some comparisons.

PEEK Titanium

Strong oxidizing acids Strong acids

Halogens Strong bases

Some halogen related hydrocarbons Halogens

Phenol halogen related hydrocarbons
Amines (elevated Temperatures Ammonia, sodium hydroxide, bleach
316 Stainless Steel Bronze

Salts Salts

Strong acids Strong acids

Halogens Strong bases

Aromatic hydrocarbons Halogens

Some sulfur compounds Aromatic Hydrocarbons
Pentane, ink, bleach/hypochorites, sea Bleach, some food products
water

10



ll. Part Design Guidelines

Design Considerations

When designing components using high performance thermoplastics, several important factors should be
considered to insure material compatibility. If significant performance requirements for at least three or more of

the following criteria are present, PEEK™ merits serious consideration.

What are my performance requirements?

e Thermal Properties - Short Term (Tg, Tm, HDT), Long Term (CUT,creep)
e Flammability - Resistance of Burning, smoke generation and toxicity
e Chemical exposure - What solvents / chemicals will my part be exposed to?

e Wear friction

e Electrical properties -Does my application require insulative properties? Does my

application need dissipation qualities?

e Dimensional / Tolerance -What are my tolerance expectations for my application? Is

flatness, roundness, or straightness important?

e Mechanical performance
e Radiation / Sterilization requirements

Weldlines

The term “weldline” is used to describe the location on
an injection molded part where two flow fronts of
thermoplastic material converge back together. Figure
16 illustrates this condition. When designing with
PEEK™ or other thermoplastic materials, weldlines are
difficult to avoid and result in regions within a molded
part that can reduce mechanical properties from 20% to
60%. The reduction is influenced by the ability of the
two flow fronts to converge back to togetherin a
homogeneous manner. The process of converging back
together to obtain maximum property strength is
influenced by a number of variables including the
material, molding process, mold design and part
geometry.

Material

Thermoplastic materials have different intrinsic levels of weld-line strength based on chemical

Figure 16

formulation. Unfilled Thermoplastics have excellent tensile strength and, as a result, reflects better than

average weld line strength values.




When designing for applications that use glass or carbon filled grades of PEEK™ the weld line strength is
greatly influenced by amount of filler used, the size of the filler fibers (diameter and length) and the
orientation of the filler in the molded part. As a rule, the percentage loss of strength at the weld line in
filled grades of PEEK™ and other thermoplastic materials is greater than unfilled grades but, the absolute
strength of a weld line

in a filled grade will be Mold steel

f-"'

greater. Thisis due to High degree orientation
fountain flow principle

of thermoplastic
materials. PEEK™ flows
inside out, due to heat
loss and frictional forces
as the polymer comes
into contact with the

steel of the mold. The \
polymer and Low degree Air i
reinforcement filler

layout onto the steel Figure 17

surface with a high degree of

molecular and fiber orientation. The head and center section of the flow fronts on the other hand, tends
to be more disoriented and random. This condition results in the two fronts coming together with
improper fiber orientation with only the base resin at head of the flow front. The result is weld line tensile
strength values that are at or slightly above the base resins tensile strength. Figure 17 illustrates this
condition.

Molding Process and Mold Design

In evaluating the molding process /mold design, the number one culprit for reduced weld line strength
with PEEK™ and other thermoplastic materials is lack of venting at the weld line. The gasses that are at
forefront of the polymers melt front start to compress and prevent the material from welding together.
When proper venting is designed into the mold at the weld lines, this gas build-up is relieved to reduce
restrictions resulting in improved weld line strength. Other molding process parameters which can
influence weld line strength include melt temperature, hold time due to gate freeze and injection
pressure.

Part Design / Geometry

A common misconception is that wall thickness has an effect on weld line strength. Performance Plastics
is not aware of any data that supports this theory. Our own empirical data from actual applications and
test results from material suppliers indicate wall thickness has no effect on weld strength. An additional
misconception is that the use of overflow tabs at the weld line will increase weld line strength. Our
experience and the test results with PEEK™ and other thermal plastics materials reflect that this is a false
conception.

25

Geometry Considerations:

201 S0GL
Wall Thickness

When considering use of based and/or
highly filled grades of PEEK™ a rule of
thumb design for wall thicknesses is
.060” to .125” (1.5 mm to 3 mm). Note -
flow length highly influences this
thickness number. Figure 18 compares
spiral flow results with various 10 20 30 40 50 60
percentages of glass and carbon filler. Filler %

Small to micro-molding geometries can

150GL
450GL

104
‘\‘\‘ 90CA

150CA

Spiral Flow Volume, cc

12



be designed using wall thicknesses ranging from
.008” to .040” (.2 mm to 1 mm) when using
90G/150G base product grades. Note - maximum
wall thickness without porosity as a rule is
approximately .300 to .350 thick and gating and
geometry dependent.

Figure 19 is an example of PEEK™ 90G selected
due to its superior ductility, dimensional stability
and thermal aging. Note the wall cross sections
were less than 0.2 mm (.008 in). The device

Figure 19 requirements called for the drive mechanism to

spin at over 5,000 rpm continuously for over 2,000

hours without creep deformation. It is also noteworthy that the aluminum was ruled out due to a
lower moment of inertia and due to the customer’s efforts to reduce drive mechanism size and
cost.

Uniformity in Wall Thickness

Uniform wall thickness with PEEK™ and
most thermoplastic materials is a key
design consideration. Non-uniform walls
tend to exacerbate pressure losses across
a molded part during the injection
molding process which commonly lead to
sinks and porosity. Additionally, because
PEEK™ is a semi-crystalline material,
uniform wall thicknesses helps reduce
natural, non-anisotropic material
behaviors. This increases dimensional
potential and reduces the propensities for

warpage and other non-desirable Thin »
characteristics. Figure 20 cut-a-way and l ek
print are examples this issue. 7 %/f%% l
N #87
i |I :" A
Pofosity Thick | B )
- 77

Figure 20
General Economic Assumptions

PEEK™ materials can range from $35 per pound to $90 per pound depending on volume buys and filler make up.
Other cost drivers that heavily influence plastic part cost when using PEEK™:

Wall Thickness
e Thicker wall sections obviously use more material at $35 to $90/Ib.
e Thicker wall sections tend to extend cycle times and reduce the number of pieces produced
which has a direct influence on part cost.
Tolerances
e Tight tolerances can be over specified for convenience as opposed to need. This has a direct
impact on capital cost and capital items lead-times.
e  Cycle time may be extended to meet tolerance requirement reducing pieces yields.

13



e Tight requirements often dictate the type of part gating that can be used which may require
secondary operations for gate removal.

e Tight requirements can also limit the number of cavities that may be used which also
reduces yields.

Undercut Features

e Undercut features have direct impact on capital cost and capital item lead-times.

e Undercut features increase maintenance cost to maintain the mold mechanisms

e Cycle timeis increased to allow for undercut mechanisms to actuate, again reducing cycle
times/yields.

Dimensional and Tolerance Capabilities

Figure 28 provides a general tolerance expectation for unfilled PEEK™ and should only be used as a “guideline”.
Tighter tolerances are possible with filled grades of PEEK™. When considering dimensional and tolerance
capabilities, two aspects need to be considered. First, a strategy to select the correct initial shrink value, with
regard to the differences between shot to shot variation and selecting the correct initial shrink value. Second is a
strategy to address the anisotropic behavior of PEEK™.

Performance Plastics has shown PEEK™ injection molded parts can have a shrink range of .009”/” to .018 ”/”
depending on wall thickness, flow length and/or part design. This variation illustrates the need for a strategy to
predict the correct initial shrink value. For example, the part print specification calls for a nominal specification
1.450” +/- .005. Let us assume the molder chose a .018”/” and the mold was constructed to 1.4766. If .018”/” is
realized, the molded part would measure 1.450”. However, if a .009”/” shrinkage value is realized, the molded part
would measure 1.4633” or .0133” over the nominal specification. In these cases where the shrinkage range
potential is greater than the required design tolerance, a molder should develop a steel safe or iterative process to
allow for the mold steel to be cut twice insuring the molded part meets the design feature specification. Once the
initial shrink value has been defined and realized through a molded part trial, PEEK™ has extremely low shot to
shot variation. For example, on a feature that is 1.450” in size, a typical part to part repeatability range would be
.003".

Shrinkage Range is greater
/ than part tolerance

S
H
R
|

N
K
A
G
E

Figure 21
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A strategy to address the anisotropic behavior of PEEK™ is also

required. The difference between these two considerations goes back 4
thermoplastic. Semi-crystalline materials will see differing amounts of Gate < >
shrinkage in the direction of flow and/or orientation of the fibers v

(shown in blue) as opposed to transverse flow direction and/or

perpendicular to fiber orientation (shown in red) What this means to a designer is
that the development of certain critical features may also require “sizing” or an iterative process to achieve a
feature’s design intent. An elementary example would be a 1” round hole. It will not be 1” round but elliptical in
shape or egg shaped in the molded part. To resolve this condition mold makers will need to fabricate an elliptical
core pin that is an inverse profile of the molded part in order to achieve a 1” round hole. Note this also is true of
other geometric features. The following guidelines will provide some guidance on ability of the PEEK™ material to
meet dimensional and tolerance expectation.

Figure 22

Note: The Commercial values shown below represent common production tolerances at the most economical level. The Fine
values represent closer tolerances that can be held but at a greater cost. Any addition of fillers will compromise physical
properties and alter dimensional stability. Please consult the manufacturer.
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lll. Processing Guidelines

PEEK™ and compounds are supplied in the form of granules, powder or ultra-fine powder. Pellets are generally
recommended for injection molding, extrusion, monofilament and wire coating operations. Powder is used for
extrusion compounding, while fine powders are generally used for coating processes and compression molding.
For this discussion we will focus on injection molding.

Injection Molding

Most standard reciprocating screw injection molding machines are capable of molding PEEK™ and compounds.
Complex high performance components can be readily mass produced without the need for annealing or
conventional machining.

Machine Design
PEEK™ and compounds based on PEEK™ can be readily injection molded. However, due to the high melt
temperature, certain design and process variables need to be considered. These are listed below.

Barrel Temperatures

In order to successfully mold PEEK™ materials, the cylinder heaters connected to the barrel of
the injection molder must be able to reach 400°C (752°F). Most injection molding machines are
capable of these temperatures without the need for modification. In the exceptional cases where
modification is required, it is a simple task to install higher temperature range controllers and
ceramic heaters. In order to achieve correct hopper feeding, the feed throat should be
maintained between 70°C and 100°C (158°F and 212°F). Thermal conduction along the screw and
barrel to the hopper may reduce the feed efficiency. Thermal control in the feed section may be
achieved by water cooling, but care must be taken to maintain the rear zone temperature.

Barrel Capacity

Residence times must be kept as short as possible due to the high processing temperatures of
PEEK™. Ideally, the barrel capacity should be between 2 and 5 times the total shot weight
including sprue and runners. If it is necessary to mold PEEK™ on a machine which has a large
number of shots in the barrel, then the rear zone temperature may be reduced by 10°C to 20°C
(50°F to 68°F) below the recommended temperature settings.

Nozzles and Shut-Off Systems

The nozzle of the barrel is in contact with the sprue bushing for a high percentage of the total
cycle time during normal operations. The temperature of the sprue bushing is considerably lower
than that of the melt and the nozzle. PEEK™ has a sharp melting point and will solidify quickly if
the melt temperature is allowed to fall below 343°C (649°F). Therefore, it is important to ensure
that an adequately large heater is fitted to the nozzle to prevent freeze-off and “cold slugging.”
Extended nozzles are not generally recommended for use with PEEK™ because they increase the
likelihood of solidification in the nozzle. Over the recommended process temperatures, the
viscosity of PEEK™ is generally still high enough to allow an open nozzle system. Shut-off nozzles
are not recommended because they frequently contain melt “dead spots” and restrict injection
pressures. If excessive die drool is encountered, minor melt decompression can be employed in
the process cycle.

Injection and Clamping Pressure

The injection pressures required for correct component molding are system dependent.
However, in general, injection pressures are approximately 14 MPa (2030 psi) with secondary
holding pressures of 10 MPa (1450 psi) (Note thin wall applications can exceed 3,000 psi injection
pressures). The projected area of the molding and runner determines the clamp force required to
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prevent the mold from opening under maximum injection pressure. This typically corresponds to
50-80 MPa (3.6-5.8 Tons in-2) for natural PEEK and 65-140 MPa (4.7-10 Tons in-2) for the fiber
reinforced compounds. However, parts with thin sections and long flow lengths will require
higher clamping pressures than those with thick sections and short flow lengths.

Screw Design
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Figure 24

between 2:1 and 3:1. Check rings must always be fitted to the screw tip to ensure development
of a full and sustained injection pressure. Ring clearance should allow for an unrestricted flow of
material on forward movement of the screw. This typically corresponds toa 3 mm (0.12 in)
clearance from the screw tip diameter for a medium size molding machine.

Mold Design

PEEK™ and compounds can be readily processed using many existing molds. However, certain design
criteria must be met for successful molding. It is recommended that the mold cavities and cores have
Rockwell hardness 56-58 at PEEK™ processing temperatures.

Mold Temperature

The recommended mold temperature range for processing PEEK™ is from 175°C to 205°C (350°F
to 400°F). These temperatures are the surface temperature of the mold and not the set
temperature of the control unit. If an oil heater is used it would be normal for the set point on
the controller to be somewhat higher due to heat losses (set points of 260°C (500°F) are typical).
Electric cartridge heaters may be used but it is difficult to control the temperature locally, leading
to problematic hot spots in large tools. These temperatures have been found to give good mold
filling and a high level of crystallinity within the moldings. Lower mold temperatures will tend to
give moldings with non-uniform color and dark edges/corners due to decreased crystallinity
(amorphous material) at the molding surface. It is possible to crystallize amorphous PEEK™
moldings by using an annealing process subsequent to molding, however this may lead to
distortion and dimensional changes. Every effort should be made to mold components with the
highest possible crystallinity by using the mold temperatures recommended above.

Melt Flow

Sprues should be at least 4 mm (0.16 in) thick and as short as possible. Larger diameter sprues
have been shown to aid filling in complex molds which feature long flow lengths and thin
sections. PEEK™ components require a minimum taper angle of 2° on the sprue and on the inside
of the sprue-bush for successful de-molding. When possible, a “cold-slug” well should be
incorporated into the sprue design. PEEK™ molds require circular or trapezoidal runners with
large section thickness. Melt flow paths should be kept as short as possible and sharp changes of
direction should be avoided. The success of molding components with thin flow sections is a
function of thermal, geometrical and pressure variables.

Gating
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The size and style of gating appropriate for a mold will depend on the melt volume, the number
of cavities and the component geometry required. Most gate designs are suitable for PEEK™
molding although long thin flow sections should be avoided. Gates should be as large as possible.
The minimum recommended gate diameter or thickness is 1 mm (0.04 in) for natural PEEK™ and
2 mm (0.08 in) for compounds. Sprue gates should be between 1- 1.5 times the thickness of the
molding. Submarine or tunnel gates should only be considered for thin wall or small parts.

Shrinkage

Like all injection moldable
thermoplastics, PEEK™
components shrink while cooling
in the mold. Shrinkage of PEEK™ VICTREX

% Tolerance (molded) [2% Tolerance (Annealed)
Grade With Flow | Across Flow | With Flow | Across Flow

moldings is due to thermal- fm-m 0.05 0.07 0.05 0.07
VICTREX

contraction and the 450GL30 0.07 0.08 0.03 0.05

development of crystalline VICTREX

regions within the cooling melt. 450FC30 0.04 0.04 0.04 0.06

PEEK™ and compounds are semi- ;é[fmi}é 0.05 0.0 0.05 0.11

crystalline thermoplastics. Many
of the outstanding physical
properties which are associated Figure 25

with these materials are a

function of the degree of crystallinity. The level of crystallinity is highly influenced by melt and
mold temperatures. Using the recommended injection molding conditions, PEEK™ parts should
be nominally 30% crystalline. The mold shrinkage of all PEEK™ grades was evaluated using pre-
dried materials in a circulated air oven overnight at 120°C (248°F). The materials were molded
into a variable thickness 150 mm x 150 mm (6 in x 6 in) single cavity plague mold. Gating was via
a fan gate of 2.5 mm (0.1 in) thickness and 1 mm (0.04 in) land length. Both sides of the mold
were heated with cartridge heaters. Plaques were made on a 150 tonne injection molding
machine. All process conditions were set according to the grade being injected following our
normal processing procedures. Three plaques per material/temperature/ thickness were chosen
at random during short runs of each material. Three width and three length measurements were
taken from each plaque approximately 1 week after molding. The dimensions of the
corresponding cavities were measured when cold. To investigate the effects of a typical post
mold treatment two samples for each material/temperature/thickness were annealed in an oven
set at 220°C (428°F) for 3 hours, samples were measured on their return to room temperature.
Samples molded with a tool temperature of 210°C (410°F) were used to give the maximum mold
shrinkage following annealing. The difference between the “With Flow” and “Across Flow”
shrinkage values in Figure 25 represents typical minimum and maximum values observed in
PEEK™ molding. The fan-gated plaque mold orientates the melt, fibers and crystalline regions, so
that a less orientated molding should exhibit mold shrinkage values between these two
extremes. The annealed shrinkage values in Table 1 are obtained by post process thermal
treatment in order to reach the maximum degree of crystallinity. These shrinkage values may be
expected in components which are subsequently used in high temperature environments.

* This data represents variation from the mean found in 20 samples
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V. Appendix

(Victrex Peek data sheets summary Info)
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