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1 General information

11 Foreword

ZENITE® isthe registered trademark for DuPont’s thermo-
tropic liquid crystal polymer (LCP) resins. These wholly
aromatic polyester resins contain glass fibres and/or
other fillers and are specially formulated for high tem-
perature applications. These materials are easily melt
processed and offer high productivity manufacturing of
high performance parts in awide range of applications
in the automotive, electrical/electronic, industrial and
appliance markets.

In this brochure, general handling and injection mould-
ing processing techniques are discussed.

1.2 Description

ZENITE® 6000, 7000 and 7700 series LCP resins offer
unique combinations of toughness, stiffness, dimensional
stability and creep resistance — even at very high tem-
peratures. Each of these seriesis characterised in terms
of melting point and therefore end-use temperature.

In the molten state, the LCP's rod-like molecules are
to some extent aligned. With high processing shear
stresses, i.e. fast fill speeds, the molecular alignment
is further enhanced. This, in turn, contributes to aniso-
tropic properties — including superior physical properties
over awide temperature range, low thermal expansion
and low mould shrinkage — especialy in the parallel to
flow direction.

Although ZENITE® resins are moulded at high melt
temperatures, they allow much shorter cycle time versus
other technical semi-crystalline or amorphous polymers.
These opposing characteristics can be explained by the
particular low specific heat of fusion (enthalpy) of these
polymers, as shown in Table 1.

Table 1: Melting enthalpy of engineering polymers
Melting enthalpy [kJ/kg]

Polymer family

POM 140-180
PA 50-80
PBT 25-60
ZENITE® Lep 0,5-4

Table 2: Main grades

The main grades are displayed in Table 2. More infor-
mation about ZENITE® products and properties are avail-
ablein the“ ZENITE® product guide and properties’ or
from datasheets at the following web address:
http://plastics.dupont.com

Safety precautions

Whilst processing ZENITE® resinsis ordinarily a safe

operation, consideration should be given to the follow-

ing:

A. Since ZENITE® resins are moulded at high melt tem-
peratures, the molten resin can inflict severe burns.
Furthermore, above the melting point, moisture
and/or gases may generate pressure in the cylinder
which, if suddenly released, can cause the molten
polymer to be violently ejected from the nozzle.

To minimise the risk of an accident, the instructions
given in thismanual should be followed carefully.
Potential hazards must be anticipated and either
eliminated or guarded against by following estab-
lished procedures which including the use of proper
protective equipment and clothing.

Be particularly alert during purging and whenever
the resin is held in the machine at higher than usual
temperatures or for longer than usual periods of time,
i.e. longer than 15 minutes — asin acycle interrup-
tion. Pay particular attention to the section on mould-
ing interruptions 3.1.2.4. When purging, ensure that
the screw forward speed is slow and that a purge
shield isin place. Reduce the injection pressure and
“jog” the screw forward button a few times to min-
imise the possibility that trapped gas in the cylinder
will cause “splattering” of theresin asit exits from
the nozzle of the machine.

Put the purged resin immediately into a metal con-
tainer filled with cold water to limit the development
of any smell and/or gassing.

If resin decomposition is suspected at any time, a
purge shield should be positioned, the carriage (noz-
zle) retracted from the mould, and the screw rotated
to empty the barrel. After the screw starts to rotate,
the feed throat should be closed and then a suitable

6130L 30% glass reinforced, good toughness, HDT 264°C

6130LX  30% glass reinforced, improved toughness, HDT 274°C

6140L 40% glass reinforced, high stiffness, HOT 272°C

62441 20% glass and 20% mineral reinforced, low-warpage, HDT 273°C

6330 30% mineral, high elongation at break, excellent toughness, low warpage, smooth surface aspect, HDT 239°C
7130 30% glass reinforced, good toughness, HDT 289°C

71451 45% glass reinforced, high stiffness, HDT 303°C




purge compound introduced. The best purging is
accomplished by using a high glass-reinforced PET
such as RyNITE® 545 or 555, followed by alow melt
index (<1,0) high-density polyethylene (HDPE). Do
not use a flame-retardant grade of PET which could
seriously degrade at these temperatures. Also, do not
use higher melt index polyethylenes because they
will not have enough viscosity at these temperatures
to be an effective purge. The temperature can then
be gradually lowered and the machine then shut
down; see “Purging” in Section 3.1.2. Start-Up and
Shut-Down Procedures for further details.

In the event that molten polymer does contact the
skin, cool the affected areaimmediately with cold
water or an ice pack and get medical attention for
thermal burn. Do not attempt to peel the polymer

from the skin.

Caution: do not heat PE above its flashpoint
of approx. 340° C! Danger of self-ignition!

. Since ZENITE® resins are dried at high temperature,
contact with hot hoppers, ovens or air hose lines
could result in severe burns. Insulation of these com-
ponents will reduce this possibility and increase dryer
efficiency.

. Small amounts of gases and particul ate matter (i.e.
low molecular weight modifiers) may be released
during the moulding, purging or drying of ZENITE®.
We recommend that adequate local exhaust ventila-
tion be provided during the processing of ZENITE®.
A ventilation rate of 5m?3 of air per minute per kg of
resin processed per hour will keep the concentration
of dust particles (and gases) below 5 mg/m?3 for
nuisance dusts whilst processing the material at the
maximum recommended times and temperatures. For
more details, refer to the DuPont publication “ Proper
use of Local Exhaust Ventilation During Hot Proces-
sing of Plastics’. A copy of thisbrochureisavailable
from your DuPont representative or can be down-
loaded from following site: http://plastics.dupont.com

. ZENITE®, like all thermoplastic polymers, can form
gaseous decomposition products during long hold-up
times at the maximum recommended melt tempera-
tures.

. When performing any regrinding operation, besides
using equipment complying with current safety leg-
islation, the installation should provide appropriate
protection against noise and dust. Screens, filters and
ventilation in good operating condition should be
used. Operating personnel should wear adequate

personal protective equipment including gloves and
aface shield.

F. Prior to mechanical cleaning of any barrel that
contains ZENITE® resins, the machine should be
thoroughly purged with polyethylene.

G. If ZENITE® resin is accidentally purged over the heater
bands, it should be removed and not alow to degrade.

H. Adequate local exhaust ventilation must be provided
during the burnout of any equipment that contains
ZENITE® resin, e.g. nozzles, etc.

I. Granulesof ZENITE® present a slipping hazard if
spilled on the floor. They are cube shaped and have
alow coefficient of friction. They should be swept
up immediately.

J. For any further information please refer to the
“Material Safety Data Sheets”.

1.3 Material safety data sheets

Material Safety Data Sheets (MSDS) are supplied with
theinitial order of ZENITE® and on the next order after
aMSDS isrevised. They are also available on the
Internet at msds.dupont.com. If you need assistance
with one of our Material Safety Data Sheets (MSDS)
please contact the DuPont Corporate Information
Center at: +1-800-441-7515 (U.S))

+1-800-387-2122 (Canada)

+1-302-774-1000 (outside the U.S.)

1.4 Handling and preparation of materials

1.41 Packaging

The precautions for handling ZENITE® resins are gener-
ally the same as those for similar glass-reinforced hygro-
scopic materials, e.g. polyesters and polycarbonates.
ZENITE® resins are packaged in moisture-proofed bags,
but the moisture content of the resins in this special
moisture-proof bag will be higher than the maximum
allowed moisture level for moulding. Broken or part
bags should be well closed and properly sealed in order
to prevent excessive moisture pick-up over time.

1.4.2 Storage

ZENITE® resins should be stored dry and storage should
allow a“firstin/first out” inventory policy. Even though
the bags are protected against moisture by a specia lam-
ination, some moisture pickup may well occur over time.

1.5 Environment and disposal of waste

In following the guidelines of this manual, the amount
of processing waste and reject parts generated will be
minimised. However, during the production of moulded



parts, a certain amount of non-reusable waste will still
be generated. This waste should be disposed of properly.

DuPont recommends as the preferred option incineration
with energy recovery. Theincinerator has to be equipped
with a state of the art scrubber in order to clean the flue

gases before release to the atmosphere.

ZENITE® Lcp is not soluble in water and has practically
no additives which can be extracted by water. Therefore

ZENITE® LcP represents no known risk to human health
or the environment when land filled.

For any disposal local regulations have to be observed
which can vary significantly from locality to locality.

LCPisincluded as ‘ Solid Plastic Waste' in the ‘ green

list" of the European Regulation EEC 259/93, Annex Il.
Thus, ZENITE® LCP is not restricted for inter European

transport of waste destined for recovery.



2 Drying principles
2.1 Effects of moisture

The presence of excess moisture in the granules prior to
moulding can cause degradation of the polymer through
hydrolysis. The impact properties as shown in Fig. 1
show the effect of moisture and hold-up time (HUT)
during processing. Therefore proper drying of granules
prior to moulding is a key requirement to produce opti-
mum quality parts.
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Fig. 1: Granule moisture content versus impact properties
for ZeniTe® 6130L at three hold-up times.

2.2 Moisture absorption

ZENITE® granules pick-up moisture fairly quickly under
standard atmospheric conditions (Fig. 2). Therefore keep
properly dried resin in closed containers and always
put the cover on the hopper. Never put more resin into
the hopper than which will be consumed in less than
30 minutes. Though ZENITE® LcP resins do not absorb
high amounts of moisture (see Fig. 3, one year immer-
sion of ZENITE® 6130 in water at 23° C).
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Fig. 3: Water absorption of a moulded part in ZenTe® 6130 immersed
in water at 23°C.

2.3 Drying conditions

Moisture levels less than 0,010% prior to processing are
recommended for optimum properties. The virgin resin
is supplied somewhat above this level in a moisture-
resistant package. Therefore, any resin (virgin or regrind)
must be dried before processing to avoid any chance
of hydrolytic degradation. If degradation should occur
because of excessive moisture, there will be no evidence
(such as splay) on the surface of the parts. Fig. 2 shows
moisture pickup of granules in a standardised atmos-
phere. Fig. 4 shows drying data for standard grades.
Table 3 summarises the recommendations for resin from
the bag and for resin or regrind of unknown moisture
history.

0,035 ‘
7130 BK010
0,030 =
]
— /
= 0,025 -
£ T
FE’ 0,020 6130 BK010
=] _
o -
o —__ - - |-
S 0,015 = T T B PV =
3 e 6330 BK010
2 / -
0,010
% max. limit for processing —J
0,005
0,000
0 3 5 8 10 13 15 18 20 23 25

Time (h)

Fig. 2: Moisture absorption of ZEniTE® granules at 23° C, 50% RH.
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Fig. 4: Drying curve at 160°C, dewpoint —35°C.



Table 3: Recommended drying times in a dehumidifying
(or dessicant) dryer

Drying temperature 120°C  140°C 160°C

Resin from the bag
Glass reinforced resins,
i.e. 6130, 6140, 7130, 7145, 6244, etc. 4h 3h 2h

Mineral reinforced resins,
i.e. 6330, 77340, etc 8h 6h 4h

Resin of unknown moisture, regrind, etc.
Glass reinforced resins,
i.e. 6130, 6140, 7130, 7145, 6244, etc. 8h 6h 4h

Mineral reinforced resins,
i.e. 6330, 77340, etc. 10h 8h 6h

Comment:

Drying time is valid for continous drying process. In case of a batch drying process, please
add the time it takes to heat the resin to the respective drying temperature. If this time is
unknown, add 2 h.

2.4 Drying equipment

a. Dessiccant dryers

Pre-drying with desiccant dryersis the most reliable and
economical drying method. Monitoring and controlling
of desiccant dryers takes place by determination of the
dew point. The dew point indicates directly the propor-
tion of water in the air. Values of —30° C and below for
the dew point give efficient drying. Drying with desic-
cant dryersis independent of atmospheric influences.
Adequate maintenance (i.e. regular filter cleaning) is
important to ensure maximum airflow and to avoid
filters becoming blocked.

b. Circulating air oven

The efficiency of drying in acirculating air oven depends
on atmospheric conditions at the time. High humidity of
the air reduces the level of drying. Therefore it is diffi-

cult to achieve a consistent drying result and this equip-

ment is not recommended

c¢. Vacuum dryers

Vacuum dryers are for economical reasons normally
used only in laboratories. Under vacuum, heat energy is
transferred almost exclusively by radiation. This results
in along heating time. The recommended drying timeis
therefore 50% longer than the recommended drying time
in Table 3.

d. Degassing

The use of degassing units on injection moulding
machinesis, with the current state of the art, not afully
equivalent alternative to proper drying. The main reason
for thisisthe hydrolytic degradation of the ZENITE® LcP
polymer melt that occurs before it reaches the vent port.

e. Conveying systems

For the sake of a consistent granule moisture content
prior to moulding, it is recommended that dry air is
used in the conveying system. The dried resin should
not be exposed in the hopper to atmosphere for longer
than 30 minutes.



3 Moulding

3.1 Process

3.1.1 Injection unit

ZENITE® LCP resins can be moulded in all standard screw
injection moulding machines. General -purpose screws
are usually adequate. ZENITE® Lcp resins, like all other
glass-reinforced resins, may cause wear in certain areas
of the barrel, screw and mould. When moulding large
quantities of ZENITE® LCP resins, the abrasion resistance
of standard nitrided equipment may not be satisfactory.
In these cases, you may consider the suggestionsin fol-
lowing chapters.

Further requirements for optimum and consistent part
quality are high-temperature ceramic heater bands, PID
control on all zones (including the nozzle) and aL/D
ratio of minimum 20/1. For some machines, thereis a
single controller for both the nozzle and the head cap
heater bands on the front of the barrel. For very difficult
to mould parts, this may cause problems with inconsis-
tent temperature control since one thermocouple then
controls two zones which ramp up and down in temper-
ature at different rates as the controller switches off and
on.

Regular maintenance of the injection unit help to elimi-
nate screw retraction problems and inconsistent cushion
read-outs. Critical dimensions to be checked are:

® |nner diameter of cylinder, especially in the metering
zone.

e Screw diameter (i.e. flight wear).
e Foating check ring diameter.

3111 Screw

The genera -purpose gradual compression screws that
are installed in most moulding machines are usually
suitable for moulding ZENITE® Lcp resins. Successful
moulding has been accomplished with screw compres-
sion ratios ranging from 2,0/1 to 3,5/1. For uniform
melt homogeneity, a minimum length/diameter ratio
of 20/1 is recommended.

LCPresins, in general, have extremely low viscosity
and are moulded at high melt temperatures. This may
result in screw retraction inconsistency in the case of
excessive screw and barrel wear or too high residual
back-pressure of the moulding machine. Even with pro-
grammed zero back-pressure, the real residual back-
pressure caused by mechanical friction and the piston
seal of the hydraulic cylinder may exceed 4 MPa on the
resin. Under specific circumstances (screw, cylinder
wear, resin viscosity) the pumping effect of the rotating

screw may not be sufficient to push back the screw with
the molten material. Some newer moulding machines
are able to compensate for this excessive residual back-
pressure by allowing negative input values for back-
pressure. In al other cases it will be necessary to work
either on injection unit maintenance or to use a specific
screw-design that improves the pumping effect by using
ashorter flight pitch. It must be taken into account that
such 3-zone screws with optimised pumping effect will
have lower throughput and may thus require longer
screw retraction time.

An optimised screw for ZeniTe® Lcp
would be designed following these rules

L/D ratio: minimum 20/1

Compression ratio: minimum 2,4/1

Feeding zone length: minimum 50 %, preferably 60 %

Metering zone length: approx. 20 %, not greater

Metering zone depth: 1,8-2,2 mm

Feeding zone depth (according to compression ratio): 4,2—6,0 mm

Pitch: 0,9 x screw diameter

Total clearance on diameter
(between barrel and screw land): max 0,3 mm

Very small (<18 mm) and large screws (>50 mm) may require
a wider interpretation.

As screw design experience is changing over time, please consult
a DuPont technical representative to get further advice.

Since DuPont cannot anticipate all variations in end-use conditions DuPont
makes no warranties and assumes no liability in connection with any use
of this information.

3.1.1.2 Back flow valve

The back flow valve or check ring shown in Fig. 5
prevents melt from flowing backwards during injection.
It is possible that this unit is not properly designed to
eliminate hold-up of resin and flow restrictions. Mal-
functioning that allows resin backflow during injection
isalso common and is caused by poor design or mainte-
nance. A leaking non-return valve will add to screw
retraction time, which can increase cycle time, and it
will also cause poor control of filling and part dimen-
sional tolerances.

Adapter

Nozzle

Fig. 5: Design of adaptor and back flow valve.



The non-return valve must meet the following
requirements:

e No hold-up spots.
e No flow restrictions.
e Good sedl.

e Control of wear.

These requirements are provided for in the back flow
valve shown in Fig. 5.

The dlots or flutes (A) in the screw tip are generously
sized, and the space (B) between the check ring and tip
issufficient for resin flow.

The seating of the fixed ring is cylindrical (not conical)
where it joins both the end of the screw (C) and the
screw tip (E) in order to allow accurate matching of
these diameters to avoid hold-up areas.

The screw tip thread has acylindrical section (F) ahead
of the thread that fits closely into a matching counter-
bore for support and alignment of the screw tip and
fixed ring. The screw tip and check ring seat should be
harder (about HRC 62) than the floating ring (HRC 55),
because it is |ess expensive to replace the floating ring
when wear occurs.

Wear resistant steel is suggested for the tip. Good match-
ing of cylindrical diametersis essential to avoid hold-up
spots.

3.1.1.3 Corrosion/Abrasion

ZENITE® LcP resins, like other glass- or mineral-rein-
forced resins, can cause wear in certain areas of the bar-
rel, screw and mould. When moulding large quantities
of these resins, certain precautions should be taken to
minimise wear effects in the equipment and moulds.
To improve the injection unit when processing glass-
reinforced resins such as ZENITE®, hard surfacing alloys
and /or wear resistant steels should be used for barrels,
screws and back flow valves.

Tests on bimetallic and specialy treated injection units
(barrel, screw and back flow valve) show a significant
lifetime improvement versus standard nitrided equip-
ment. In order to minimise screw wear, special abrasion
and corrosion resistant steels (i.e. powdermetallurgic
steels) and treatments are available.

Please contact your machine and screw manufacturer
for further details and recommendations. Specific corro-
sion resistance treatments of the injection unit is normal-
ly not required for moulding ZENITE®.

3.1.14 Nozzles

Open nozzles

Conventional free-flow type nozzles (see Fig. 6) can be
used, especially with small orifice diameters (i.e.
<2,5mm). For larger diameters, surface finish require-
ments, minimising cold slug formation or if drooling
isaproblem, the use of areverse taper bore nozzle (see
Fig. 7) is highly recommended. The reverse taper length
should be approx. 8-10 times the diameter of the thicker
end.

The nozzle temperature must be independently and
precisely controlled. The heater band must cover the
full length of the nozzle. The thermocouple should be
placed as far forward as practical for correct tempera-
ture control of the nozzle. High wattage ceramic heater
bands should be used to maintain temperatures up to
380° C. Although not recommended, positive shut-off
nozzles may be used when proper temperature control is
provided. Again, streamlining isimportant and the risk
of hold-up spots could be a concern.

Heater Band Thermocouple well

Heater Band

Thermocouple well

Fig. 6: Free flow nozzles.

Heater Band

Thermocouple well

Fig. 7: Reverse taper nozzle for ZENITE®.



Shut-off nozzles

Generally the use of shut-off nozzles should be avoided,
as most shut-off nozzle systems would struggle to work
satisfactorily at temperatures above 350° C. Specificaly
designed needle-shut-off systems with special surface
treatment of the melt channel, together with specifically
well designed temperature balance may be beneficial in
terms of surface aspect when moulding large, esthetical
partsin mineral reinforced ZENITE® grades, or when
screw retraction needs to be extended into the mould
opening phase, which may lead to areduction in cycle
time.

3.1.1.5 Accumulator for thin wall applications

ZENITE® grades generally require fast injection speed.
Many LCP applications are small and thin-walled,
reguiring a machine capable of injecting within the
0.2-0.5 seconds range. Machines equipped with an
accumulator may help to increase injection speed result-
ing in increased flow lengths, especially in applications
with very thin walls. For those machines without accu-
mulators, it may be possible to achieve fast injections
speeds by only using moulds where the shot sizeisless
than one screw diameter.

3.1.2 Start-up and shutdown procedures

3.1.21 Purging

Purging is essentia before and after moulding ZENITE®
LCP resins because many plastics (including other lower
melting point LCPs) degrade at ZENITE® LcP melt pro-
cessing temperatures. Therefore, contamination with
other resins (including other LCP resins) may cause
moulding difficulties or resin decomposition. Refer to
Chapter 1.2. “ Safety Precautions” for advice on proper
handling of the purged resin. The best purging is
accomplished by first using a high glass-reinforced PET
such as RyNITE® 545 or 555, followed by alow melt
index (<1,0), high-density polyethylene (HDPE). Do
not use a flame-retardant grade of PET which would
seriously degrade at these temperatures. Also, do not
use a higher melt index polyethylene which will not
have enough viscosity at these high temperatures to be
an efficient purge.

Note: When the cylinder temperatures are above 290° C,
the polyethylene must be continually purged because
resin decomposition and ignition of the vapours may
occur.

CAUTION: do not heat PE above its flashpoint
of approx. 340°C! (Thereis adanger of self-

ignition!)

Polystyrene should not be used to purge as it will
decompose at ZENITE® processing temperatures.
The following purge procedures are recommended:

From other resins to ZENITE® LCP resins:

1. Retract the injection unit, close the hopper throat and
increase the back pressure so that the screw is held
in the forward position.

2. Runthe screw at high rpm and pump out at its melt
temperature as much of the other resin as possible.
Introduce the low melt index polyethylene purging
material and feed until the extrudate comes out
cleanly.

3. Empty the cylinder of polyethylene purge, raise tem-
perature settings and proceed as outlined in the fol -
lowing Start-Up section 3.1.2.2.

From ZENITE® LcP resins to other resins:

1. Retract the injection unit and increase the back pres-
sure so that the screw is held in the forward position.

2. Runthe screw at high rpm and pump out at its melt
temperature as much of the ZENITE® Lcp resin as
possible. Lower the temperature settings to 300° C
and at the same time feed RYNITE® 545 or 555 until
no further traces of ZENITE® LcP resins appear. Pump
out as much of the RyNITE® resin as possible.

3. Lower the cylinder temperature settings to 290° C
and feed the low melt index, polyethylene purging
material until the extrudate comes out cleanly. Empty
the cylinder of the polyethylene and proceed to start-
up conditions for other resins or shut down.

31.22 Start-up

The cylinder and screw should be cleaned prior to start-
up by using the method described under “Purging”.

The recommended start-up procedureis:

1. Set the cylinder temperatures 30° C and the nozzle
temperature 10° C below the minimum processing
temperature for the grade of ZENITE® to be moulded.
Allow the heat to “soak in” for at least 20 min. Raise
the cylinder temperatures to the desired operating
temperatures. (Use Table 4 Typical ZENITE® cylinder
temperatures as aguide.)

2. Check to make sure that the nozzle is at the set tem-
perature and that it is open and contains no frozen
material.

3. Jog the screw. If the screw will not rotate, allow a
longer heat “soak in” time.

4. When the screw begins to rotate, open the hopper
feed dlot briefly and then close it. Asthe material is
being pumped forward by the screw, check the load



on the screw motor. If it is excessive, increase cylin-
der temperatures.

5. Open the feed slide and increase back pressure to
hold the screw in the forward position. Extrude melt
and adjust operating conditions (screw rotation speed
and estimated delay time) until the melt shows no
indication of unmelted particles or degradation. A
good melt will be smooth in appearance. If the melt
is foamy, degradation is occurring. Once the melt
looks smooth, release the back pressure.

6. Take several air shotswith the stroke size and cycle
time anticipated for the moulding operation. Then
try to check the melt temperature with a handheld
pyrometer. Since ZENITE® LcP resins melt quickly
and set up equally as fast, more than one melt tem-
perature measurement may be needed to obtain an
accurate melt temperature. Make any necessary
adjustments in the cylinder temperatures to achieve
the recommended melt temperature.

7. Start moulding on cycle at low injection fill pressure
(except where short shotswill interfere with part gjec-
tion) and then adjust operating conditions to produce
quality parts.

8. Recheck the melt temperature

3.1.23 Shutdown

1. Retract the injection unit, close the hopper throat and
increase the back pressure so that the screw is held
in the forward position.

2. Run the screw at high rpm and pump out at its melt
temperature as much of the ZENITE® LCP resin as pos-
sible. Lower the temperature settings to 300° C and
at the same time feed RyYNITE® 545 or 555 until no
further traces of ZENITE® LCP resins appear. Pump out
as much of the RyNITE® resin as possible.

3. Lower the cylinder temperature settings to below
290° C and feed the low melt index, polyethylene
purging material until the extrudate comes out clean-
ly. Empty the cylinder of the polyethylene and shut
down, once the barrel temperatures are below 290° C.

3.1.24 Interruptions

Due to the excellent thermal stability of ZENITE® LcP
resins, minor cycle delays up to 10 minutes can usually
be tolerated without purging and loss of material.
Although it is good practice to purge the cylinder once
prior to start-up and to eliminate the first moulded parts
until the process has reached its thermal balance again.
If the delay is expected to be longer than 10 minutes (or
reaches 10 minutes), empty the resin from the cylinder
as some degradation will occur. No purge compound is

necessary at thistime. The cylinder temperatures should
be lowered to 250-300° C. Upon resumption of the run,
raise the temperatures and reintroduce the ZENITE® LcP
resin per the startup procedures.

For anticipated delays greater than afew hours, the resin
must be purged sequentially with RyniTE® 545 or 555
polyester resin, followed by alow melt index poly-
ethylene as described in the procedure for purging from
ZENITE® LCP resins to other resins.

3.2 Parameters

3.21 Melt and cylinder temperature

Aswith all resins, achieving and controlling the desired
melt temperature is essential for successful moulding.
The melt temperature achieved is aresult of cylinder
and screw design, heater design, screw back pressure,
screw rotation rate (rpm), shot size and overall cycle
time. Table 4 provides “typical” cylinder settings.
N.B. these can vary widely depending on the particular
moulding machine used.

Taking into account the short cycle time when moulding
ZENITE®, the typical injection stroke would be in the
range of 15-30% of the machine’s maximum stroke.
This alows standard machines to reach the appropriate
volume flows with relatively short injection times.

Table 4: Typical Zenite® cylinder temperature settings

ZEN.lTE® Typical cylinder temperatures Preferred
resin melt temp.
series Rear °C Center°C  Front°C range °C
Bxxx series 340 345 355 350-360
TXxX series 350 355 365 360-370
T7xxx series 355 360 370 365-375

Fig. 8 suggests adjustments to the cylinder temperature
settings based on hold up time (HUT) and injection
stroke.

Use of cylinder

°C

—— 3 min HUT
20/ —--- 7minHUT
15— — — 11 min HUT

10

50% stroke
(decreasing)

Recommended 5 oo 20% strok
" b stroke

melt <0: SR ETSni T (flat)

temperature ~5 Tt T e — — — ]

-10 -

-151— =~ 1 5% stroke
-20 (increasing)

Hopper
REAR ZONE

Fig. 8: Zone temperature adjustment versus HUT and stroke.
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Becauseit is not possible to accurately predict the com-
bined effect of all the variables, the actual melt temper-
ature should be measured after the machine operation
has reached equilibrium. Thisis best done by taking air
shotsinto an insulated container and measuring with

a fast-response (needle probe) pyrometer. In order to
properly measure the melt temperature, three or more
air shots may be required. In general, settings are nor-
mally slightly lower than desired melt temperature due
to heat provided by the screw working with the resin.

ZENITE® LCP resins exhibit excellent melt stability.

These resins have broad melting points versus other
engineering plastics. The minimum melt processing
temperature is above the bottom limit of the broad
melting point range as seen in Fig. 9 and Fig. 10 and
listed in Table 4.
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Fig. 9: DSC of ZeniTe® 7130L WTO010.
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Fig. 10: DSC of Zenire® 6130L WTO010.

10

Although the resins can physically be moulded below
the minimum temperature given in the preferred melt
temperature ranges, poor physical properties — espe-
cialy brittle parts — could result. Therefore, the resins
should not be moulded below the minimum melt tem-
perature values listed in Table 4.

ZENITE® resins give optimum part quality at the recom-
mended melt temperature and at short hold-up times
(HUT<6 min). It should therefore be standard practice
to optimise cycle time and to choose the appropriate
cylinder size when selecting machines to mould ZENITE®.

1S0 527-1BA Moisture: 0,010%

1370 Melt temp (°C)
[ 355 Melt temp (°C)
Il 340 Melt temp (°C)

Impact (%)

6
Hut (min)

Fig. 11: Effect of melt temperature and HUT on impact properties
of ZENITE® 6130L.

322 Cavity temperature

ZENITE® resins mould well over awide range of mould
temperatures. Mould surface temperatures from 40° C
to 150° C have been used. The most common range is
65-110° C.

High temperatures should be used for thin, hard-to-fill
parts. (Good safety practices require using high-temper-
ature rated hoses with swaged fittings for hot water or
hot oil heaters.) Lower temperatures are recommended
with complex parts experiencing sticking problems.

Since mould surface temperature is a product of many

variables (not just the cooling fluid), it must be measured
after start-up (when the process has stabilised, normally
after about 10 shots) and after any major process change.

Unlike many other materials, the effect of mould tem-
perature on shrinkage and post-moulding shrinkage is
quite small. The effect on transverse flow and thickness
is not measurable. On highly aligned flow parts, there is
ameasurable effect in the flow direction as the molecu-



lar alignment is further ordered at higher mould temper-
atures or when annealed at very high temperatures. In
each case, this alignment results in part growth once out
of the cavity, such that the part can eventually be larger
than the cavity dimension.

3.2.3 Injection phase

Injection fill rate is a key variable in the moulding of
ZENITE® LCP resins. Fig. 12 shows the significant effect
melt temperature has on melt viscosity. Likewise,

Fig. 13 depicts the high sensitivity of these resinsto shear
rate. Therefore, in order to capitalise on their low vis-
cosity and high flow capabilities, very high fill rates
need to be used over almost 100% of the stroke. Fill (or
ram-in-motion) times of 0,3-0,8 sare very commonin
small parts such as electronic connectors and bobbins.
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Fig. 12: Melt viscosity versus melt temperature at 1000 s~' shear rate.
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Fig. 13: Melt viscosity versus shear rate.

Fast injection rates also contribute to the material’s
anisotropic properties, including high physical proper-
ties, low thermal expansion and low mould shrinkage
in the flow direction.

When thefill rate is reduced, the viscosity is signifi-
cantly increased such that the polymer’s flow can
quickly stop and set up. Fast injection implies a high
shear rate, which contributes to maintaining the melt
front temperature above its freezing point. This assumes
adequate venting to allow efficient gas evacuation. For
detailsrefer to chapter 4.6.

The injection fill pressure during the dynamic mould
filling phase is afunction of :

e the programmed injection speed;
e material viscosity at its melt temperature;
e material set-up rate;

e cavity flow resistance (geometry, wall thickness,
flow length).

The resulting injection fill pressure may be much lower
than hold pressure, e.g. for thick parts and short flow
length, or even much higher than hold pressure, e.g. for
thin parts and long flow length.

3.24 Hold pressure phase

The complexity of the part and its effect on ease of
gjection will determine the optimum hold pressure. For
complex parts, it is recommended to start with low (e.g.
15 MPa) hold pressure and then increase it in small
increments. Because these resins set up very quickly,
the gates will quickly freeze and pack time is quite short
versus other thermoplastic resins. Most thin-walled
parts are typically moulded with a hold pressure timein
arange of 0,1-0,8 s at a constant specific hold pressure
in arange of 20-60 MPa. Thicker parts (>1,5 mm) may
require a hold pressure time of about 1 s per mm wall
thickness. Due to the low shrinkage of ZENITE® LcP
resins, it is possible to overpack and stick parts, espe-
cialy in the area of ribs, domes and the sprue. Therefore,
hold pressures and times should be increased carefully.

3.25 Screw retraction phase

Screw decompression

Screw decompression (or suck-back) should be a mini-
mum and only used when necessary. Nozzle drooling
can be reduced by correctly drying the resin, proper
nozzle temperature setting (with good temperature con-
trol) and if necessary, using areverse taper nozzle.
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Screw rotation speed Back pressure

In order to balance glass fibre breakage and optimum Typically ZENITE® Lcp resins are moulded with little
melt homogeneity, the screw speed should be medium. or no back-pressure. Where small silver streaks are
The following formula allows a rough approximation observed on the part surface, the back pressure should
of the optimal screw speed: be raised gradually to get rid of the air, which can go
RPM = 4%30 right through the cylinder with the molten polymer.

Some new moulding machine types allow for compen-
sation of excessive residual back-pressure by permitting
the input of negative values for back-pressure. This may
When facing screw retraction inconsistencies, the RPM help in cases where screw retraction isinconsistent.

may need to be increased. Please refer to chapter 3111 for further details.

with D = screw Diameter in mm.
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4 Mould

41 Mould temperature control

ZENITE® LCP processing can be carried out with mould
temperatures in the range of 40-150° C. Generally, a
mould temperature of approximately 90° C is sufficient
to obtain good quality parts. Moulds containing elements
that are difficult to cool (pins, cores) may be set to lower
temperatures to increase the heat-flow from these respec-
tive elements to the mould base. High mould tempera-
tures may improve slightly the surface finish of the part.

4.2 Abrasion resistance

ZENITE® LCP resins are not corrosive to moulds, unless
there isinsufficient venting. This can lead to trapped
gas due to the high injection fill rates of the resin caus-
ing damage. However, glass, mineral and other fillers
may be abrasive and tool steelsfor cavities, cores, run-
ner systems and sprue bushings should be selected and
hardened as with other filled engineering polymer resins.
Also, as aresult of the fast injection rates used in pro-
cessing ZENITE® LCP resins, gates are subject to consid-
erable heat build-up and loss of hardness.

In practice, only very local abrasion problems have been
sporadically observed, mainly in areas where the melt
does not meet the condition of laminar flow, i.e. jetting,
opposite hot-runner gates, or too small gatesfor alarge
fill volume. In these cases the wear must be managed
and some of the suggestions in this chapter may lead
to significant improvements.

421 Steel selection

Typical tool steels as used in high-precision and high-
performance injection moulding tools for glass-rein-
forced engineering polymers are suitable for ZENITE®
Lcp. Some cold work steels, such as 1.2162 (HRC up to
54) and the austenitic 1.2379 (HRC up to 58) are being
used, though they bear the risk of softening, when their
temperature limit is reached. High quality hot work
steels, such as 1.2343 and 1.2344 (HRC up to 56) are
commonly being used in the mould manufacturing of
small component applications. A further option with
improved abrasion resistance are powdermetal lurgic
(PM) steels. They allow HRC to reach up to 68, whilst
still maintaining an acceptable ductility.

Please consult your toolmaker to make the right choice
of steel for an appropriate balance of hardness, wear
resistance, ductility, heat conductivity, dimensional
stability and tooling capability.

422 coatings

Both physical vapour deposit (PVD) and chemical vapour
deposit (CVD) may lead to improved wear resistance
and easy gjection, thus they increase intervals between
mould maintenance. They may potentially reduce cycle
time. Both technologies require the right steel selection
and compatible hardening and annealing processes,
otherwise, they do not improve the performance of the
steel used.

PVD coatings are applied at temperatures between 280
and 500° C. Their typical thicknessis between 2 and
6 um. Technically it is not feasible to add PVD into
holes or into sharp corners. A very common multi-pur-
pose PVD coating is TiN, which has a yellow colour
and therefore gives visual verification of tool abrasion.
It increases surface hardness significantly and reduces
the gjection force in most cases by approximately 50%.

CVD coatings are applied prior to the hardening and
annealing of thetool steel. They are applied in similar
thickness to PVD coatings, but they also coat holes,
inner diameters and corners. Therefore they are suitable
for sprues, machine nozzles and specific tool elements.

PVD and CVD coatings are not recommended in order
to significantly reduce gate wear or “jetting” wear. In
these cases consideration should be given to inserting
specific inserts as described in chapter 4.2.3.

For further recommendations, please consult your mould
maker and respective companies specialising in high-
performance coatings.

423 Inserts

In local areas of severe abrasion (jetting, gates, walls
opposite hot runner nozzles etc.) it may be advisable to
manage the wear with replaceable inserts. These can be
made of high quality tool steel, PM steels, sinter metal
or hard metal, depending on the geometry, required duc-
tility and lifetime expectations.

For specific recommendations and solution suggestions,
please consult your toolmaker.

4.3 Stiffness

ZENITE® Lcp requires fast injection fill speeds. In thin
wall applications the specific injection fill pressure may
even exceed 100 MPa. Therefore a stiff mould construc-
tion will make an important contribution to:

e flash free moulding;

e increased lifetime of the mould;

® more robust processing window (e.g. allows faster
injection speed).

13



Recommendations for increasing mould stiffness:

e usethick bolster plates and back plates;

® uselarge spacer blocks;

® use avery stable frame when using many inserts
or large hot runner systems;

e use support blocks in the gjector box between the
rear back plate and bolster plate.

4.4 Runner system

4.4.1 Layout

In designing the feed system, the first point to be con-
sidered is the wall thickness (t) of the moulded part (see
diagram). Nowhere should the diameter of the runner be
less than the wall thickness of the injection moulding.
Starting out from the gate, the runner diameter at each
branch point can be dlightly increased (see Fig. 14) so
that an almost constant shear rate is maintained. To pre-
vent the inevitable cold slug reaching the moulding from
the injection nozzle, the sprue should always be extend-
ed so that the cold slug can be trapped. This extension
should have roughly the same diameter as the sprue to
ensure that the cold slug really is retained. When mould-
ing liquid crystalline polymers, the maximum gate thick-
ness should be 50% of the wall thickness of the moulded
part. Depending on the part weight and wall thickness,
gate thickness down to 20% of the wall thickness or
0,15 mm have given good parts. It is good practice to
start first with arelatively small gate, and then to open
it up to match the requirement of the process and part.
Gate length is especially crucial. This should be <1 mm
to prevent premature solidification of the gate.

4.4.2 Tunnel gates

Proper demoulding of tunnel gates requires a certain
flexibility of the solidified polymer in the runner.

Fig. 15 shows critical details that need attention in order

to allow positive functioning of tunnel gates. Basically
the runner prior to the gate should be flexible (thinner is
better). The dive angle of the tunnel gate is differentiated
versus other engineering polymersin away that itis
much steeper in order to minimise deformation of the
tunnel gate during gjection.

45 Hot runner

When injection moulding liquid crystalline polymers
using runnerless technol ogy, the choice of the correct
hot runner system determines the functioning of the
mould and moulded part quality. When using any hot
runner the temperature must be controlled much more
precisely than with any other polymer. The type of hot
runner system used, and its installation, will have a great
effect on the properties of the finished parts.

The key to success is to effectively thermally isolate
the hot runner and nozzles from the cavity and mould
platens, asthisis the most efficient way to get optimum
thermal balance and to minimise power requirement in
use. The more power a hot runner requires, the higher
arelocal differencesin temperature. Nozzles should be
designed so that naturally balanced runners can be used.
Thisisthe only way of ensuring uniform pressure losses,
equal filling times and the same melt residence time for
all the mould cavities. Generally, and specifically in the
case of small shot weights, indirect gating is preferable
to direct gating. Materia throughput per nozzle increases,
so that the heat applied to the moulding material is more
easily manageable. Gates for hot runner nozzles can be
large and the gate on the moulded part remains small
through conventional cold runner gating. A cold slug
trap must in any case be incorporated facing the hot
runner nozzle. Thisisthe only way of preventing cold
material getting into the moulded part from the hot run-
ner nozzle.

Recommended diameters
Thin-walled part, Thick-walled part,
large volume, small volume,

T+2 T+1
T+3 T+15
T+4 T+2

—_
—_

oo Ow>
Vv

C
A

1
2

Recommended
cross-sections
Iﬁ III

Fig. 14: Design of a multiple runner.
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Fig. 15: Typical tunnel gate suitable for moulding LCP.

Dueto the relatively high melt temperatures of ZENITE®
Lcp, DuPont does not encourage the use of hot runner
systems for aesthetic parts, safety related parts, use of
coloured material, or parts made out of resins requiring
melt temperatures >370° C.

Specific attention is required to control abrasive wear in
all areas where laminar flow is questionable, specifically
torpedo tips, gates and the wall opposite the gate (jetting).
It is good practice to use exchangeable high perform-
ance wear resistant steel insertsin these aress.

When engineering a mould with hot runner technology,
it is an absolute must to consult the hot runner supplier
early in the tool design phase to tailor the system to the
needs of L CP processing, such as

natural balancing;

wear management;

perfect thermal balance;
optimised thermal insulation;
perfect streamlining;

no hold up spots;
self-adaptable PID control ;
maximum hold-up time 10 minutes (cylinder plus hot
runner);

easy cleaning;

indirect gating preferred;
cold dlug trap;

enough power at the nozzle tip to melt frozen tips
within 1 minute.

46 Venting

The high filling speed used when moulding ZENITE® LCR,
together with the continuously increasing mould mak-

Safety advice:

Always retract the nozzle before doing
anything inside an open hotrunner mould
and wear appropriate protective equip-
ment, i.e. safety glasses and protective
gloves.

©

ing precision means spending specific attention to the
venting of the mould.

Inadequate mould venting can cause the following
problems:

Poor weld line strength.

Discolouration (burning).

Erosion and/or corrosion of the mould.
Dimensional variation on the moulded part.
Short shots.

Both cavities and runners should be vented at the part-
ing line or at the gjector as recommended on Fig. 16.
The vent land should be preferably short (i.e. 0.7—
1,0 mm) to minimise airflow restriction. The depth of
the secondary vent should be above 0,8 mm, dependant
upon cavity volume and vent channel length.

4.7 Draft angles

Mould surfaces that are perpendicular to the parting
line should have draft to allow easy part gection. These
include ribs, bosses and sides. A taper (draft angle) of
0,5t0 1° per sideisusually satisfactory with ZENITE® LcR

However, an additional 0,5-1,5° may be required for
complex parts, parts with deep drafts, or for tools that
do not have polished surfaces.

4.8 Sharp corners

Good part design and correct mould finishing involves
radiusing sharp corners wherever possible.

t=0,01...0,02 mm

in mould parting surface

using ejector

Fig. 16: Typical vent designs.
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5 Material behaviour

5.1 Chemical structure

ZENITE® LCP resins are polymerised through a complex
multi-step polycondensation process from two or more
aromatic monomers combined in different ratios.
Details of the polymerization chemistry are beyond the
scope of this brochure. For recycling and identification
purposes, parts should be labelled generically such as
<LCP>, <LCP-GF30> for 30% glass-filled LCP or
<LCP-M30> for 30% mineral filled LCP.

52 Flow length

ZENITE® LcP resins have excellent flow properties, see
Fig. 17 to 21. Parts with long flow paths and narrow
wall thickness are easily moulded. These good flow
properties also help in the exact reproduction of mould
details.

Flow length data are generated on moulds with a*“ spiral”

or “snake” flow pattern. Data from one study can vary a

lot compared to some from other studies, as flow length

is highly dependent on:

e moulding parameters (fill pressure, fill speed, melt
temperature, moisture, hold up time);

e mould layout (channel width, gate design);

e type of moulding machine (valve response time,
ability to avoid hydraulic pressure peaks at v/p
switch point).

280 T

2601 flow channel width =5 mm
temperature = 355°C
240! moisture = 0,005%

90 MPa
220

200

180

E /
E 160
= /
S 140
2 / 60 MPa
= 120
o
- /
=100 > =
/ _-"30MPa
80 ~ P
v/
60 ~
7
40 —
/4
20 =7 -
0
0 02 0,4 06 08 10

Thickness (mm)

Fig. 17: Flow of Zenite® 6130 WTO010.
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Fig. 19: Flow of Zenie® 6330 NCO10.

5.3 Shrinkage

The mould shrinkage of ZENITE® Lcp resinsis highly
dependent upon the orientation of the molecules and
fillers, part thickness, part design, and processing condi-
tions. Values for shrinkage listed in Tables 5 and 6 are
intended as a guide, using atypical mould temperature
of 80° C, for estimating out-of-mould dimensions as a
function of part thickness. Negative shrinkage (i.e. part
growth) can occur in the parallel direction in thin wall
sections. This means the part dimensions can be larger
than the cavity dimensions.
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Fig. 20: Flow of ZeniTe® 7130 WTO010.
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Fig. 21: Flow of Zenire® 7145 WT010.

For ZeniTE® Lcp, shrinkage is considerably influenced
by the direction in which the polymer rod-like molecules
and thefillers are oriented. As aresult, thereis adiffer-
encein shrinkage parallel to and at right angles (normal)
to the direction of flow, and this makes accurate predic-
tion of the shrinkage very difficult. Depending on the
orientation, which is determined by the way in which
the mould fills, shrinkage can also occur between the
paralel and normal shrinkage shown in Tables 5 and 6.
In extreme cases, the difference in shrinkage may be

greater than shown. This depends on the position of the
gate, the respective fill pattern and the shear history of
the melt. The effects of shear, divergent and convergent
flow patterns may be such that layers close to the wall
may have completely different orientation than thosein
the centre section of the part.

For complex precision parts, prototype moulds should
be used to obtain more accurate dimensional data. The
prototype mould (or cavity) must mimic production
intent, especially with regard to gate position.

5.4 Post-shrinkage

Post-shrinkage can be defined as the dimensional change
(in %) of amoulded part measured at 23 + 2° C after
annealing for a specific period at a specific temperature.

Tables 5 and 6 contain shrinkage values before and after
annealing (= moulding shrinkage + post-shrinkage) for
different annealing conditions

5.5 Viscosity retention

Properly dried ZENITE® resins have exceptionally good
melt stability over the recommended melt temperature
range and hold up times of up to 10 minutes. When run-
ning capillary rheometer studies on granules and mould-
ed parts, it is not unusual to find viscosity drops of up to
40%. These are mainly caused by the breakage of glass
fibres and other fillers during injection moulding.
Therefore capillary viscosity measurements cannot iso-
late the effect of polymer degradation to verify moulded
part quality, although viscosity drops of more than 50%
may be cause for concern.

Due to the extremely good chemical resistance of
ZENITE® resins, solution viscosity measurements are
impractical and not feasible.

5.6 Flow and weldlines

L CP resins have limited butt weldline strength and
acceptable to good running weldline, also referred to as
flowline strength. Typical values for weldline strength
are shown in Table 7. A butt weldline is defined as one
where two melt fronts meet and stop (normally perpen-
dicular to the flow) and a running weldline is defined
as one where the flow separates and then joins together
(e.g. flowing around a pin or small shut-out).

Weldlines normally achieve approx. 15-20% of the
original material’s tensile strength for standard grades.
Flowlines normally achieve up to 90% of the materials
cross-flow properties, see Fig. 22. This explains the
observation of excellent properties of ZENITE® resins
in multi-pin connector applications.
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Table 5: Effect of part thickness on mould shrinkage and total shrinkage

Mould shrinkage [%] Total shrinkage [%] after annealing
Grade Thickness [mm] Parallel Normal Parallel Normal
Zenite® 6130L BKO10 05 —-0,05 0,75 -0,05 1,55
08 -0,10 0,70 -0,20 1,60
1,6 —0,05 0,75 -0,15 1,30
Zenite® 6130L WT010 05 —0,05 0,70 -0,15 1,50
08 —0,05 0,90 -0,15 1,60
1,6 0,00 0,80 -0,10 1,35
Zenite® 61401 BKO10 05 0,00 0,60 0,05 0,75
08 0,00 0,60 0,00 1.25
1,6 0,05 0,60 0,00 1,00
Zenite® 6140L WT010 05 0,00 0,60 0,00 -
08 0,00 0,65 0,00 1,25
1,6 0,05 0,65 —-0,05 1,30
Zenite® 62441 BKO10 05 0,00 0,40 0,15 0,75
08 0,00 0,35 0,00 0,85
1,6 0,05 0,45 0,05 0,80
Zenite® 6330 NC010 05 0,00 0,80 -0,20 1,05
1,6 -0,15 0,40 -0,30 0,70
Zenite® 6330 BKO10 05 0,00 0,50 -0,25 1,05
08 —0,05 0,35 -0,30 0,80
1,6 —0,05 0,40 -0,20 0,70
ZeNiTe® 6434L NCO10 05 —0,05 0,45 -0,10 0,90
08 -0,15 0,80 -0,30 1,50
1,6 0,00 0,65 -0,15 1,05
Zenite® 7130L WT010 05 0,05 0,65 -0,10 090
08 —0,05 0,85 -0,10 1,60
1,6 —0,05 0,75 -0,10 1.25
Zenite® 71451 BKO10 05 0,00 0,45 0,00 0,65
08 —0,05 0,60 -0,05 1,05
1,6 0,00 0,60 —-0,05 1,05
Zenite® 71450 WT010 0,8 0,10 0,62 0,15 1,05
1,6 0,00 0,75 0,00 1,20
ZeNiTe® 7223 WT050 05 0,00 0,60 -0,20 1.10
1,6 0,00 0,55 -0,20 1,00

Plate dimension: 40 x 50 mm, equidistant film gate technology, mould temperature: 80°C; hold pressure: 50 MPa, annealing: 1 h/250°C.

Table 6: 1ISO-shrinkage

Mould shrinkage [%] Total shrinkage [%] after annealing
Grade Parallel Normal Parallel Normal
Zenite® 6130 WT010 0,15 0,90 0,05 1.25
Zenite® 6140L WT010 0,15 0,75 0,10 0,95
Zenite® 6330 NCO10 0,00 0,65 -0,15 0,90
Zenite® 7130 WT010 0,10 0,90 0,05 1,10
ZeNiTe® 71450 WT010 0,15 0,85 0,15 1,00

Plate 2 x 60 x 60 mm, mould temperature: 80°C; hold pressure: 40 MPa; annealing: 3 h/250°C.
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Unless there isadefect in moulding (e.g. insufficient
venting) it is amost impossible to improve weldline
strength by modifying moulding parameters (see
Fig. 23). An appropriate grade selection may help to
overcome potential problems. Standard grades like
ZENITE® 7145L have been optimised for weldline
strength. Further improved speciality grades may be
available on request.

Table 7: Weldline strength for ZENITE® grades,

2-gated bar 180 x 27 x 2 mm
Weldline strength (MPa)

6130 WT010 12,1
6330 NCO10 1.2
7130 WT010 14,4
6140L BK010 13,2
7145L WT010 211
7755 BK010 19,2
7223 WT050 18,3

Part design and gate position are important factors for
successful moulding of ZeNITE®. Gate position directly
influences weldline position. It is therefore good prac-
tice to move any weldlines outside highly stressed areas.
Very thin walls (<0,5 mm) may have a positive effect on
weldline strength.
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Fig. 22: Flowline strength of ZENITE® 6130 WT010 on 2-gated
bar 180 x 27 x 2 mm.
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Fig. 23: Weldline strength versus injection speed and melt temperature
for ZeniTe® 6130 WTO010 on bar 180 x 27 x 2 mm.
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6  Auxiliary operations

6.1 Regrind

ZENITE® LcP resins have excellent thermal stability when
using recommended moulding conditions. This results
in aremarkable retention of properties when using
regrind. Studies with ZEnITE® 6130 using 25, 50, and
100% regrind have been run for atotal of 6-8 passes
(virgin resin plus 5-7 regrind). Table 8 exhibits the
excellent retention (>90%) of its physical properties.

In addition, measurements of shrinkage on 127 x 12,7
x 1,6 mm bars showed only a 0,03% shrinkage increase
in the flow direction and an unmeasurable change in the
transverse direction after five passes versus the virgin
resin pass.

The considerations around determining a maximum
regrind percentage are many, e.g. UL and automotive
reguirements, product design requirements, drying,
fines, feeding consistency and regrind quality. We
have demonstrated that good property retention is
possible at 100% regrind levels. The UL yellow card
listing for 6130 and other grades allows up to 50%
regrind. However, customer testing around the specific
end-use requirements is the most important tool for final
selection of maximum regrind percentage.

Conventional slow rotor plastic granulators are used
for granulating ZENITE® Lcp parts. The blades should be
uninterrupted, straight, sharp and set for close clearance
and the screen size should be as large as practical for
feeding the particular machine. However, due to the
fibrous nature of all LCPs, a high degree of fines (up to
10%) and ragged cut can occur. |deally the cut of the
regrind should be closeto 2,5 x 2,5 x 2,5 mm. To opti-
mise the cut, sprues and runners should be fed to the
grinder immediately out of the mould whilst still hot.
Fines should be further separated by a post-screening
operation. Another option isto re-pelletise the regrind
through an extruder. This of course adds an additional
heat history to the resin, and the UL listing may not be
valid anymore.
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Table 8: Zenire® 6130 regrind study
Method Regrind Retention, %

Retention, %

ASTM  level,% (6th pass) (8th pass)
Tensile strength, 23°C D638 100 96
50 98 96
25 97
Elongation at break, 23°C D638 100 100
50 100 95
25 90
Tensile modulus, 23°C D638 100 100
50 100 100
25 100
Flexural strength, 23°C D790 100 92
Flexural modulus, 23°C D790 100 94
Heat deflect. temper. D648 100 99
at 1,8 MPa
lzod impact, 23°C D256 50 100 100
25 100

Caution: Do not mix other LCP resin regrind with
ZENITE® LcpP resin regrind. Severe degradation of other
L CP resins can occur when moulded at ZENITE® LcP
resin melt temperatures.

Please refer to Underwriters L aboratories at
http://data.ul.com/iglink/ to find out the maximum
allowed regrind levelsfor ZENITE® grades.

6.2 Colouring

Due to the high processing temperatures of ZENITE® LcP
grades, the use of standard masterbatches, liquid colorants
or dry pigments is not recommended. DuPont has devel-
oped afew ZENITE® Lcp based masterbatches with tem-
perature resistant pigments which have proved to work
well. It must always be born in mind that the colour
may change in use over time at high temperatures, that
the colours are pastel-like and that colours cannot be
guaranteed to be repeatedly matched. Therefore they are
used mainly for part identification and seldom for aes-
thetic parts.

Please contact your DuPont representative for more
information about colours.



For further information on Engineering Polymers contact:
Internet location: http://plastics.dupont.com

Belgique / Belgié

Du Pont de Nemours (Belgium)
Antoon Spinoystraat 6

B-2800 Mechelen

Tel. (15) 44 14 11

Telex 22 554

Telefax (15) 44 14 09

Bulgaria

Serviced by Biesterfeld Interowa
GmbH & Co. KG.

See under Osterreich.

Ceska Republika a
Slovenska Republika

Du Pont CZ, s.r.o.

Pekarska 14/268

CZ-15500 Praha 5 - Jinonice
Tel. (2) 57 41 41 11

Telefax (2) 57 41 41 50-51

Danmark

Du Pont Danmark ApS
Skjotevej 26

P.O. Box 3000
DK-2770 Kastrup

Tel. 32 47 98 00
Telefax 32 47 98 05

Deutschland

Du Pont de Nemours
(Deutschland) GmbH
DuPont StraRe 1
D-61343 Bad Homburg
Tel. (06172) 87 0

Telex 410 676 DPD D
Telefax (06172) 87 27 01

Egypt

Du Pont Products S.A.

Bldg no. 6, Land #7, Block 1
New Maadi

ET-Cairo

Tel. (00202) 754 65 80
Telefax (00202) 516 87 81

Espana
Du Pont Ibérica S.A.
Edificio L'llla

Avda. Diagonal 561
E-08029 Barcelona
Tel. (3) 227 60 00
Telefax (3) 227 62 00

France

Du Pont de Nemours (France) S.A.
137, rue de I'Université

F-75334 Paris Cedex 07

Tel. 01 45 50 65 50

Telex 206 772 dupon

Telefax 01 47 53 09 67

L-10148 (revised 2004) © 2004 E.I du Pont de Nemours and Company  02.05
The DuPont Oval, DuPont™, The miracles of science™, Zenite® and Rynite® are registered trademarks or trademarks of DuPont or its affiliates

Hellas

Biesterfeld Hellas Intralink S.A.
Trading Establishment

149, AG. Triados Menidi Acharnes
GR-13671 Athens

Tel. (210) 24 02 900

Telefax (210) 24 02 141

Israél

Gadot Chemical Terminals (1985) Ltd.
16 Habonim Street

Netanya — South Ind. Zone

IL-42504 Netanya

Tel. (3) 526 42 41

Telefax (3) 528 27 17

Italia

Du Pont de Nemours ltaliana S.r.L.
Via Volta, 16

[-20093 Cologno Monzese

Tel. (02) 25 30 21

Telefax (02) 25 30 23 06

Magyarorszag

Serviced by Biesterfeld Interowa
GmbH & Co. KG.

See under Osterreich.

Maroc

Deborel Maroc S.A.

40, boulevard d'Anfa — 10°
MA-Casablanca

Tel. (2) 27 48 75

Telefax (2) 26 54 34

Norway / Norge
Distrupol Nordic
Ostenssjoveien 36
N-0677 Olso

Tel. 23 16 80 62
Telefax 23 16 80 62

Osterreich

Biesterfeld Interowa GmbH & Co. KG
Brdauhausgasse 3-5

P.O. Box 19

AT-1051 Wien

Tel. (01) 512 35 71-0

Fax (01) 512 35 71-31

e-mail: info@interowa.at

internet: www.interowa.at

Polska

Du Pont Poland Sp. z 0.0.
ul. Powazkowska 44C
PL-01-797 Warsaw

Tel. +48 22 320 0900
Telefax +48 22 320 0910

Portugal

Biesterfeld Iberica S.L.
Rua das Matas
P-4445-135 Alfena

Tel. 229 698 760
Telefax 229 698 769

Printed in Switzerland

Romania

Serviced by Biesterfeld Interowa
GmbH & Co. KG.

See under Osterreich.

Russia

00O “DUPONT RUSSIA”

B. Palashevsky pereulok 13, str. 2
123104 Moscow, Russia

Tel. +7 095 7972200

Telefax +7 095 7972201

Schweiz / Suisse / Svizzera
Biesterfeld Plastic Suisse GmbH
Dufourstrasse 21

Postfach 14695

CH-4010 Basel

Tel. +41 (0) 61 201 31 50
Telefax +41 (0) 61 201 31 69

Slovenija

Serviced by Biesterfeld Interowa
GmbH & Co. KG.

See under Osterreich.

Suomi /Finland

Du Pont Suomi Oy
Box 62

FIN-02131 Espoo

Tel. (9) 72 56 61 00
Telefax (9) 72 56 61 66

Sverige
Serviced by Du Pont Danmark ApS.
See under Danmark.

Tirkiye

Du Pont Products S.A.

Buyukdere Caddesi No. 122
Ozsezen Ismerkezi, A block, Kat: 3
Esentepe, 34394 Istanbul, Turkey
Tel. +90 212 340 0400

Telefax +90 212 340 0430

Ukraine

Du Pont de Nemours
International S.A.
Representative Office

3, Glazunova Street

Kyiv 252042

Tel. (044) 294 96 33/269 13 02
Telefax (044) 269 11 81

United Kingdom

Du Pont (U.K.) Limited
Maylands Avenue
GB-Hemel Hempstead
Herts. HP2 7DP

Tel. (01442) 34 65 00
Telefax (01442) 24 94 63

Argentina

Du Pont Argentina S.A.
Avda. Mitre y Calle 5
(1884) Berazategui-Bs.As.
Tel. +54-11-4229-3468
Telefax +54-11-4229-3117

Brasil

Du Pont do Brasil S.A.

Al. Itapecuru, 506 Alphaville
06454-080 Barueri-Sao Paulo
Tel. (6511) 7266 8229

Asia Pacific

Du Pont Kabushiki Kaisha
Arco Tower

8-1, Shimomeguro 1-chome
Meguro-ku, Tokyo 1563-0064
Tel. (03) 5434-6935

Telefax (03) 5434-6965

South Africa
Plastamid (Pty) Ltd.
43 Coleman Street
P.O. Box 59

Elsies River 7480
Cape Town

Tel. (21) 592 12 00
Telefax (21) 592 14 09

USA

DuPont Engineering Polymers
Barley Mill Plaza, Building #22
P.O. Box 80022

Wilmington, Delaware 19880
Tel. (302) 999 45 92

Telefax (302) 892 07 37

Requests for further information
from countries not listed above
should be sent to:

Du Pont de Nemours
International S.A.

2, chemin du Pavillon

CH-1218 Le Grand-Saconnex/Geneva
Tel. (022) 717 51 11

Telex 415 777 DUP CH

Telefax (022) 717 52 00

The information provided in this documentation corresponds to our knowledge on the subject at the date
of its publication. This information may be subject to revision as new knowledge and experience becomes
available. The data provided fall within the normal range of product properties and relate only to the spe-
cific material designated; these data may not be valid for such material used in combination with any
other materials or additives or in any process, unless expressly indicated otherwise. The data provided
should not be used to establish specification limits nor used alone as the basis of design; they are not
intended to substitute for any testing you may need to conduct to determine for yourself the suitability
of a specific material for your particular purposes. Since DuPont cannot anticipate all variations in actual
end-use conditions DuPont makes no warranties and assumes no liability in connection with any use
of this information. Nothing in this publication is to be considered as a license to operate under or a

recommendation to infringe any patent rights.

Caution: Do not use this product in medical applications involving permanent implantation in the human
body. For other medical applications see “DuPont Medical Caution Statement”.
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