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There are many reasons why engineering resins have

become established in blow moulding applications,

for example:

Cost and weight reduction

Recyclability ( replaces rubber for example)

Innovation:

— Multifunctional parts

— Reduce number of parts in the engine
compartment

Higher temperature requirements

Easier assembly and disassembly

Reduce number of materials

Improve performance

Reduce noise

Availability of special resin grades designed

for blow moulding

DuPont resins for blow moulding

Why blow mould engineering resins?

ZyTEL ® blow moulding resins

ZYTEL® BM7300THS  Unreinforced PA6

ZYTEL® BM73G25THS 25% glass reinforced PA6
ZYTEL® BM73G15THS 15% glass reinforced PA6

ZYTEL® BM7300FN Unreinforced, PA6
flexible nylon alloy

Unreinforced PAG6

15% glass reinforced
hydrolysis resistant PA66

ZYTEL® CFE8OO5HS
ZYTEL® EFE7340

ZYTEL® EFE7341 20% glass reinforced

hydrolysis resistant PA66

1.2.1. ZvTeL® resins — rheology

ZvTEL® blow moulding resins have been developed to
provide excellent melt strength in the parison during

DuPont offers a wide range of engineering resins typethe push-out and moulding operation. This requires

for blow moulding including:

e HYTREL® Polyester elastomer

e CrASTIN®  PBT polyester

o ZYTEL® Nylons 6, 66, and alloys
* SELAR®RB Barrier resin

New grades are continuously being developed, so plea
contact your local DuPont representative for the latest
product literature. All DuPont resins are supported by
comprehensive Technical Service in the areas of:

» Basic data

» Design (C.A.D))

» Processing

e Testing.

1.2 ZvteL® nylon resins for blow moulding

ZYyTEL® nylon resins are thermoplastic polyamides havin
properties that place them high on the list of engineerin
plastics. They are tough and chemically resistant, and
moulded articles retain their performance at elevated
temperatures. ThevZzeL® resins listed below have
excellent parison melt strength and good drawability for
blow moulding. Some grades are reinforced with glass
fibres to increase their tensile strength, stiffness and
dimensional stability. There is also a flexible nylon
alloy available. All ZTeEL® blow moulding grades are
especially compatible with each other for use in
sequential co-extrusion blow moulding — for example
in hard/soft segment air ducts etc. (see section 2.4).
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very high viscosity at low shear rates, typically in the
range of shear rates from 0-10. sAt higher shear
rates which are encountered in the plastification of the
resin in the screw and barrel of the machine, there is
a reduction in viscosity which helps to minimise the
screw torque and required motor power.

Bfgures 1 (below) and 2 (following page) show the
apparent viscosity/shear rate curves for theerZ®

blow moulding grades measured at appropriate melt
temperatures. All resins were dried to a moisture level
of below 0,05%. Higher levels of moisture will signifi-
cantly reduce the viscosity levels across the range of
shear rates.
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Fig. 1 Melt viscosities of various ZyTeL® nylon 6 grades



Table 1

Typical MFI at 21,6 kg

Nylon type ZyTeL® grade g/10 min Temperature
PAG6 unreinforced CFE8005 BK 25-35 280°C
PAB6 15% glass fibre EFE7340 BK 30-40 280°C
PAB6 20% glass fibre EFE341 BK 50-60 280°C
PAG unreinforced BM7300T BK 20-30 250°C
PAG flexible alloy BM7300FN BK 40-50 250°C
PAG6 25% glass fibre BM73G25T BK 25-35 250°C

e Dynamic (flex fatigue) performance
100000 * Noise reduction

» Excellent sealing (low creep) properties

| [2vTEL®CFE8005 (280°C)] .
10000 Special HTREL® grades have been developed for good

& oot 2] parison stability and other properties required for blow
Tk ~ moulding. Applications include:

TS * CVJ boots
e Suspension and steering boots
e Air ducts

e \ent pipes

1000 |/ Z/TEL@EFET341 (280°C)]
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Shear Rate (1/s) Listed below is part of the range o¥HREL® blow

moulding grades.

Fig. 2 Melt viscosities of various ZyTeL® nylon 66 grades

Hardness

' (Shore D) Main applications
Melt index (MFI) v_alues have been measur_ed on e HTREI0S 7 CVJ Boots
ZvTEL® blow moulding resins and are shown in Table 1. : _
The measurements were made at a weight of 21,6 kgiTe® HTR5612 50 Suspension and steering
and at a temperature close to the typical processing boots, CVJ boots
temperature for each grade. MFI results based on dif#vmre® HTR8223 45 CVJ boots, suspension and
ferent conditions are not comparable. steering boots

HvTReL® HTR4275 55 Air ducts, vent pipes

Ple_ase_ note that MFI is not considered to _be a reliabley, . o g\ig574 65 Air ducts, vent pipes
m_dlcatlon of n_1e|t strength for nylon materla_ls (espe- (higher temperature)
cially glass reinforced) due to effects of moisture and HYTrEL® BMS576 o5 Air ducts, vent pipes

other factors. For this reason it is advisable to use the

. . (higher melt strength)
values with caution.

1.3.2 HvTREL® resins — rheology

1.3 HyTtrer® and CRASTIN® polyester resins

. Figures 3 and 4 show apparent viscosity/shear rate
for blow moulding g pp y.

curves for some of thewrReL® blow moulding resins.
The higher viscosity grades are designed for longer
parts such as air ducts, while the lower viscosity (higher
melt index) grades are formulated for use in CVJ boots,
suspension and steering bellows.

1.3.1. HyTReL® polyester elastomer

HyTREL® thermoplastic polyester elastomers (TEEE)
are high performance, flexible polymers, with excep-

tional properties such as: Melt Index (MFI) values for theseyHReL® blow moul-

* High and low temperature performance ding resins are given in Table 2 below. Please note the

» Excellent oil and hydrocarbon resistance test weight and temperature used as measurements made
» Toughness and tear resistance under different conditions are not comparable.



Table 2

Typical MFI at 5 kg

Typical MFI at 2,16 kg

HyTReL® grade Hardness (Shore D) g/10 min g/10 min Temperature
HTR4275 BK 55 2,0 0.5 230°C
BM5576 BK 55 1,2 03 230°C
BMB574 65 - 0,5 270°C
HTR5612 BK 50 - 3,0 230°C
HTR8105 BK 47 - 2,0 230°C
HTR8223 BK 45 2,5 04 230°C
* Good stiffness and strength, especially at elevated
100000 = temperatures
HHYTRELGHTR 105 (220°C) « Excellent toughness and impact strength
10000 e Good oil, hydrocarbon and overall chemical
H = i resistance
-~ —— ~ o)l ||
Z el = eIz E2es « Low moisture absorption and excellent dimensional
H HHYTREL®HTR-5612 (220°C)} -
£ =X stability
g ~ » Compatible with HTREL® in hard/soft combination
100 = mouldings
10 Two special ®AsTIN® grades have been developed for
10 100 1000 10000 bIOW moulding,
Shear Rate (1/s) '
CRrASTIN® ST820 (for smaller parts)
Fig. 3 Melt viscosities of various HYTREL® grades CrasTIN® BM6450 (high melt strength, for larger parts)
1.3.4. CRrasTIN® resins — rheology
100000
The apparent viscosity/shear rate curve fRrSIIN®
BM6450 BK is shown in Figure 5 below.
£ 10000 TS~
z L . ivimel O8NS 225°C) CrAsTIN® BM6450 BK has a typical Melt Flow Index
g =y i (MFI) value of 11g/10 minutes measured with 21,6 kg
= 0| HRELBHTR 75 225°C) T weight at a temperature of 250°C.
E e —
3 ~
HYTREL®BM6574 (250°C) i 100000
0 10 100 1000 10000
Shear Rate (1/s)
Fig. 4 Melt viscosities of various HYTREL® grades £ 10000 [CrasTIN®BMB450 BK (250°C)]

1.3.3 CrasTIN® PBT polyester resin

CRrASTIN® PBT polyester resins are high performance
engineering polymers which are particularly useful in
automotive blow moulded applications for the following
reasons:

~L

Melt Viscosity (Pa
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Fig. 5 Melt viscosity of CrRASTIN® BM6450



2 Description of blow moulding process

21 General so that the part “shot” can be pushed out quite rapidly
immediately before the mould closes round it to start
All blow moulding processes consist of 3 stages: the moulding cycle. The extruder screw can be stopped

and started as required to fill the accumulator in time
for the next push-out and moulding operation. The
accumulator head machine, as well as helping to mini-
mise the effects of parison stretching in long parts, can
. : S also be useful for moulding semi-crystalline engineering
‘(‘axtrusmn"b'low mouldlng, or an injection moglded resins when rapid cooling or oxidisation of the parison
pre-form” in the case dhjection blow moulding. surface may cause problems when those materials are

3. Inflation of the parison or “pre-form” (usually with  moulded in continuous extrusion machines.
air) in a blowing mould, followed by a demoulding

and a part trimming operation.

1. Plastification of the thermoplastic resin granules,
normally by means of a single screw extruder.

2. Production of a molten “pre-form”— either an
extruded tube or “parison” in the case of so called

. : : . - 24 Co-extrusion and sequential 3-D
It is not intended to provide detailed descriptions of blow moulding

all the above processes and machine types on the mar-
ket, but the following information may be useful to
differentiate the more important aspects of each tech-
nology in relation to the use of engineering resins

in blow moulding.

Co-extrusion blow moulding involves the simultaneous
extrusion of two or more compatible resindayers
through the parison wall. This allows, for example, the
incorporation of special layers for permeation barrier,
or the use of a layer of “regrind” material in the part
wall. Multiple extruders are therefore needed to feed
each material to the special co-extrusion head, which
can be designed either for continuous extrusion or
accumulator head operation.

2.2 Continuous extrusion machines

In this process the extruder screw runs continuously,
plasticising the granules and pumping the resin
melt through the head and die to produce a vertical
“parison” which hangs from the die. When the parison
reaches the required length, the mould closes round
it and immediately the parison is cut, while the mould
is quickly transferred to the blowing position where

Sequential blow moulding can be considered as a devel-
opment of co-extrusion blow moulding where the layers
are “switched on and off” in a programmed way. This
allows production of parts which combine sections made

S ; _ ~  from two or more resins, for example hard, rigid sections
a blowpin inflates the parison to fill the mould cavity. i, gne material and soft flexible bellows in a different
Meantime the next parison is being extruded. The | otarial.

process requires that the extrusion speed must be exactly

controlled so that each parison reaches the required p,pont Engineering resins which are compatible with
length in the time it takes the mould to complete its  o50h other and suitable for sequential coextrusion blow

blowing and coolir_lg cycle. _Parison wall thicknes; an_dmoulding include the following polyamide (nylon) and
hence part wall thickness, is controlled by a mu“"po'nbolyester resin combinations:

“parison programmer” which operates via hydraulics

to adjust the die gap during the extrusion process. Hard component Soft component
Nylons: ZyTeL® BM7300T, ZyTeL® BM7300FN
. BM73G15T
2.3 Accumulator head machines or BVM73G25T
CRASTIN® BMB450 HYTREL® HTR4275

The continuous extrusion process, though simple and Polyesters:
cost effective for many applications has the inherent
disadvantage that the parison must hang under gravityA major disadvantage of conventional blow moulding

for the full length of each moulding cycle, This processes is that they are not ideally suited to the blow
demands extremely good melt strength in the resin, moulding of long narrow components in 3 dimensions,
especially for long mouldings. such as air ducts, without producing excessive scrap and

very long undesirable pinch-offs at the mould closing
By incorporating an “accumulator head”, which acts lines. This fact led to the development of the so-called
like a reservoir and push-out piston, it is possible to “3-D” blow moulding processes which essentially
accumulate enough resin inside the head for one partdescribe 3 different systems for achieving similar results.
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The 3-D processes are normally combined with sequetParison manipulation” process

tial blow moulding to make hard-soft combinations in a

single moulding. This technique is a development of a conventional blow
moulding (normally accumulator head) process, whereby
the extruded parison in “manipulated” by a combination
of robots and moving mould segments in order to make

In this system (see Fig. 6) the parison is extruded verflt— C(')nfor.m fo the 3-dimensional mould pavity. The .
cally onto a horizontally fixed mould half, in such a parison IS nqrmally removed_ from the die by a robotic
way that the emerging parison is made to follow the gripper” which then places it over the blow pin, or

path of the mould cavity by either moving the completéin the case of subsequent needle-blowing) in one part

extruder head and die or alternatively moving the moul(af the multi-segment mould. Programmed movements

half (with extruder fixed). The parison is kept partially qf thirObOt. arm .an(rj] closmg mOl.Jllf. SeI?mﬁms thelg post-
inflated with support air to prevent its collapse, until tion the parison In the cavity until finally the mould Is

such time as the complete cavity has been filled, Whel’f’ompletely closed and the parison s pk_)wn to produce
the top half of the mould is closed over the lower half the finished part. Although it may exhibit some of the

and the parison is fully inflated by inserting a blowing problems of the “laydown process” this process seems

needle. The result is a moulding with virtually no scrapto be_ genelrally more suitable for semi-crystalline engi-
(except at each end) and no inherently weak “pinch—off‘.]eerlng polymers.

“Laydow"” process

The disadvantage of this process for engineering poly-
mers is the relatively long time during which the parisoﬁ
is in contact with only one half of the mould, leading to _ . , :
premature freezing-off of the parison surface. Herg (Fig. 7) a bas_lc accumula_tor he_a_d m_achlne .(W'th
or without coextrusion/sequential facility) is used in
However, this can be mainly overcome by use of highcombination with a specially designed mould having an

mould temperatures which may require the use of oil air suction device connected to it. The process operates
heaters by extruding the parison into the cavity through an

opening in the top of thelosedmould, at the same time
as a vacuum is applied at the lower end of the cavity.
This suction and supporting airflow through the mould
helps to pull and guide the parison until it reaches the
lower end of the mould. At this point the parison is
s blown, either through a blow pin in the centre of the

B parison die, or by means of a needle which is inserted

at some point in the parison.

D “Suction” process

Movable mould

¢ Starting This process is particularly suited to smaller diameter

[ .
pSSY point

v air ducts or pipes, especially where there is little change
x in diameter or cross section along the part length.

The mould
starts moving

]

The mould
finishes moving

Movable die head

Fig. 6 3-D “laydown” process



1st phase 3rd phase

Upper shutter

Parison ejection "CLOSE"

"STOP"

Mould

Cavity ————— === “CLOSED" Preblow ——— ==
air "OFF"
Air blow
"ON" —"OFF"
Cap "CONNECT" J . Lower shutter / .
Suction fan "CLOSE" Suction
iecti i . . fan "OFF"
Commence ejection/suction Blowing/cooling process
2nd phase 4th phase

Preblow air \ Parison ejection
"ON" / "ON"

Upper shutter
f "OPEN"

Article
"TAKE OUT"

Mould
"OPEN"

Lower shutter /

"OPEN"
Parison fully ejected Article removal

Suction fan "ON"

Fig. 7 Suction blow moulding process. (Diagram and process description courtesy of Fischer W. Miiller Blasformtechnik)

2.5 Injection blow moulding a solid core. After the injection phase, the preform is
then removed from the mould still on its core, under

Injection blow moulding (IBM) is frequently the processprecise temperature control (close to its melting point),

of choice in the packaging industry, for example in the and positioned in a blowing mould where it is blown

high volume production of small containers at fast cycleff the core into the blow mould cavity. Finally, the

times. However it is also appropriate for the same reapart is removed from the blow mould, usually without

sons with small technical mouldings in engineering  any final trimming being required.

resins. This process has the advantage of more precise

control of dimensions and tolerances. Examples wheré& is normal practise for two or more cavity moulds to

this process is used for engineering resins is in mouldbe used in the IBM process. Very good control of tem-

ing CVJ boots (automotive drive joint covers) in peratures, particularly in the injection mould and core,
HYTREL® polyester elastomers. is essential to ensure proper formation of the final
blown part.

The injection blow moulding of HReL® CVJ boots
involves the use of a relatively conventional injection For specific recommendations for injection blow
moulding system to produce moulded “preforms” on moulding of HTREL® see section 4.10.
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3 The blow moulding machine — Important considerations

DuPont blow mouldable resins have been processed iMaterials of construction
many types of blow moulding machines. This section
will be devoted primarily to intermittent extrusion  Generally, corrosion resistant metals are not required
(accumulator head) and continuous extrusion blow for processing ZTeL®, HYTREL® or CRASTIN®. Normal
moulding. However, for MTREL® in particular the nitrided steel surfaces are usually adequate and give
injection blow moulding and Pressbloweprocess  good service life. However for glass reinforced resins,
are frequently used to make CVJ boots and similar smaddlarrel surfaces and screw flight land surfaces should
parts. Recommendations relating to these specific probe of a type to provide good wear resistance.
cesses are made in section 4.10.
Xaloy 100/101 or 800 types (or equivalent) barrels
haveshown excellent resistance to wear by glass fibres.
3.1 Screw and barrel design Nitrided barrel surfaces, on the other hand, do not with-
stand abrasion by glass fibre reinforced nylons and often
Screw design is very important for engineering resins exhibit spalling (surface flaking) after short-term use.
because most of them have high energy requirementsNitrided barrels are therefore not recommended for
This usually means that a gradual compression screwcontinuous processing of glass reinforced nylons.
with a high L/D (length/diameter ratio) is recommended.
To achieve a stable process, high capacity, and homo¥for screws, flight lands hard surfaced with an alloy
genous melt, the screw should ideally have an L/D of such as Stellite have been found to resist wear better
at least 24 with a compression ratio between 2,7 and than either flame hardened or nitrided flights. Hard
3,5:1 (as measured by depth of feed zone divided by chrome plating of the other surfaces of the screw is
depth of metering zone). Shorter screws may give in- also recommended.
homogenous mixing, and improper compression ratios
can cause problems such as overheating of the melt,
surging, or air entrapment. A nose cone rather than a pdditional information
square cut-off at the end of the screw is preferred. The

use of TIO called"‘hl%h quhtput“ poI)IIethyI(Ien(;e screwsd The use of breaker plates with screen packs should
E)norrr;aft ydasso;:_late wit |r:tense y cooded ?c:ol%ve not be used on blow moulding machines during the
arrel feed sections) are not recommended YOEIZ, processing of engineering resins.

HYTREL® or CRASTIN®. Because of the sharp melting
point of these materials a gradual compression and
shearing action is needed to properly melt and homo-
genise the resin which is best achieved in a 3-zone . .
screw and smooth barrel (cylinder design). It has beer:I;'2 Manifold/adapter design

found that certain designs of grooved barrel can give . .
irregular flow with softer MTREL® grades and can also After the end of the_screw, m_the machlne adapter
section, a rupture disc or equivalent device should be

result in high motor torque and screw stoppage with . stalled as a means of relieving high system pressure
more crystalline nylon resins. However, where groove{f;. g high sy " P .
igh pressure could be caused by material “freeze-off’,

barrels are used, it may be necessary to use a IOVVermaterial degradation and off-gassing, as well as viscous
compression screw than that indicated above, and to 9 9 9, X . )
ffects. A pressure sensor should be fitted at this point

raise temperatures in the grooved section of the ba”efo monitor extruder performance and also to activate an
(which is normally water cooled). P

automatic extruder drive shut off when the pressure

It is not recommended to use high shear mixing device%'opmaCheS the equipment manufacturer's recommended

(e.g. Maddock) for MTREL®, as this leads to high local mits.
heat build up and consequent difficulty to control melt
temperature and maintain uniform viscosity. However
some low shear mixing sections on screw tips may be
beneficial.

The melt flow channels between the very end of the
screw and the entrance of the die head must be carefully
designed so that the flow is streamlined and will have
sufficiently high velocity against the wall to minimise
resin stagnation at the wall. Slow flow or hold-up spots
can cause polymer degradation resulting in gels and
deposits which could partially dislodge over time.

Y Registered trade name of Ossberger Maschinenfabrik GmbH. A pI‘OpeI’ manifOId deSign W|” aVOid these pr0b|emS.

Further details of recommended scréesigns can be
provided by your DuPont technical representative.
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3.3 Accumulator and continuous extrusion The relative angles of the die and pin tooling will influ-

head design ence the degree of parison programming response.
Table 3 gives typical values for diameter and thickness
swell ratios for some YEL®, HYTREL® and GRASTIN®
grades, although actual swell behaviour should be
accurately determined by running machine trials with
the proposed machine/material combination.

Accumulator head design

The accumulator head should be of “first-in/first-out”
design. Material “hold-up” in the flow channels will

result in longer thermal exposure that could decompos
the material. The accumulator head re-knit section shouy P'aS:Lcafn"ne;T Mandrel
also provide good parison re-knit strength where flows l f
are divided and later merged together again. Pin
. . <— Die
Good control of the temperatures in the material flow
channels of the accumulator head is of particular
importance — see section 3.7.
Die Diameter d,
Continuous extrusion head designs Die Gap t,
Extrusion head design considerations for continuous Parison —— -«
extrusion blow moulding machines follow the guide- diameter (d) — »| le—— parison wall
lines given for accumulator head machines. thickness 1)
Fig. 8 Divergent head tooling
3.4 Die/head tooling design ,
Plastic melt Mandrel
channel f

The die/head tooling design will influence several pari
son characteristics: [
e Parison Diameter

. . . [<4— Di
o Swell (increase of thickness and diameter) )

. . Die Diameter d,
e Parison wall thickness <
e Parison surface finish
Die Gap t,
Parison diameter will be mainly determined by the die

diameter and by the parison “swell” and “sag” (stretch < Parison

ing under gravity). diameter (d)
—®| [4— Parison wall
thickness (t)

Other factors which control these characteristics are m¢
temperature and other resin properties, as well as extrl'_llj—9
sion (push-out) speed, and die/pin geometry. ¢

Convergent head tooling

Figures 8 and 9 show illustrations of convergent and Farison thickness “Swell” =~ =Ts
divergent die tooling designs with effects of parison 0
diameter and thickness “swell”. Parison diameter “Swell” :dg =Ds

0
Table 3

Divergent tooling Convergent tooling
Ts Ds Ts Ds

ZyTeL® BM7300T 1,5-2,0 1114 1,5-2,0 1,2-1,6
ZyTeL® BM73G25T 1,0-1,2 0,9-1,1 1,0-1,2 1,012
HYTREL® HTR4275 1,5-2,0 1114 1,6-2,1 1,4-1,8
CRASTIN® BM6450 1,3-17 1,0-1,2 1,4-1,9 1,215

* Note: Glass reinforced grade
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3.5 Parison cutters 3.8 Auxiliary equipment

Depending on the type of machine, it may be necessabessicant dryers, Granulators

to cut the hot parison. Normally a hot cutter of the “hot

knife” or “hot wire” design can be used withyFReL®, See “Handling of blow moulding resins’, section 5.
CrAsTIN® and unreinforced ZreL®. However, for glass

reinforced ZTEL® it may be necessary to substantially

reinforce the hot knife to prevent damage or breakagelncorporation of mould inserts.

by the extra stiffness of the glass fibres in the parison.

Metal or plastic parts are sometimes required to be
pre-loaded into the mould before each blow-moulding

3.6 Mould clamping force
cycle.

Moulds should be designed and machines selected s
that the clamping force is 75-225 N/&of projected
part area and 500-5000 N/cm of pinch length.

The lower pressures may be required when running
aluminium moulds and pinch-off sections. Pressure
requirements also depend on details such as pinch-o
configuration, flash pocket and landing pad designs,
and parison wall thickness. For more information on
mould design see section 6.

qn the case of metal inserts, these are usually mechani-
cally keyed into the blow moulded part during the blow-
ing cycle, or they may be pre-coated with a suitable
bonding agent to promote adhesion. Plastic inserts
ﬁshould be made from the same (or at least compatible)
resin as the blow moulded part. It may be necessary
to preheat the inserts in an oven to achieve bonding
during the blow moulding operation.

3.7 Temperature control Mould temperature controllers

Proper control of temperatures in a blow moulding  Suitable chilled water or in some cases hot water or oil

machine is of particular importance. The melt tempe- systems should be used to maintain mould temperatures

rature should be uniform from shot to shot, otherwise in accordance with recommended settings (see: Opera-

inconsistent parison melt strength could cause wall ting conditions, section 4).

thickness variations in the part. There should be no

large areas of unheated metal in the head, or in the

connecting zones between cylinder and head. Any Ventilation/fume extraction

“cold spot” will result in cold skin or blockages due

to “freeze-off”, when processing semi-crystalline For most grades of YZEL®, CRASTIN® and HrTREL®,

engineering resins. normal ventilation equipment which is typical of good
industrial practice is adequate to ensure trouble free

The heater bands should be of sufficient wattage to egg-ocessing. However, with blow moulding machines

ily maintain the recommended temperature settings ininvolving large exposed parisons and especially during

all zones. start-up and shut-down purging operations, it is recom-
mended that localised extraction is provided above the

As stated earlier grooved barrel designs are not normalhead and around the purging area. In addition, for some

recommended for engineering polymers but if a wateresin types, good extraction should be provided to elimi-

cooled grooved barrel section is being used, it will nate any unpleasant or excessive fumes, especially

normally be necessary to control the temperature in during manual trimming operations.

the range 80-150°C. depending on the material being

processed. In the case of nylons in particular, this

temperature should be 150°C minimum, otherwise

excessive motor torque will be developed. It may be

necessary to achieve this using a hot oil temperate

controlsystem. Cooling water to the feed throat should

be provided in order to reduce the chance of material

bridging below the feed hopper.

Ammeters on each heating zone with proper alarms and
automatic shut-offs are recommended to assure proper
control and monitoring.
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4 Machine operating conditions

4.1 Quick reference. 4.2 Barrel temperatures
Summary of processing conditions
for DuPont blow moulding resins Table 4 shows optimummelt temperature which should

be maintained for good processing in the blow moulding
Table 4 provides guidelines for processing conditionsmachine. These temperatures should ideally be achieved
including pre-drying requirements. Typical shrinkage at the end of the barrel/screw, so that the subsequent
values are also shown, although it is recommended themperature control zones (adapter, head, etc.) are used
actual shrinkage should be accurately predicted for neanly to maintain the molten resin at the same tempera-
moulds by making trials with the selected resin in  ture — without adding or taking away heat — as it passes
another similar mould. This is because in practice thethrough the head to the die.
part shape, wall thicknesses and blow-up ratio can sig-
nificantly affect shrinkage of blow-moulding resins.  In order to reach the desired melt temperature at the end

of the screw, it is normally necessary to set barrel tem-
As for many semi-crystalline resins, low moisture  peratures between 5-15°C below the optimum melt
content is essential for good control of viscosity. This temperature in order to allow for some overheating due
is especially true for nylons and it is strongly recom- to screw shear. Please refer to section 3.1 which discus-
mended that the figures in Table 4 are considered ases the importance of correct screw design, which can
maximum moisture levels for good blow moulding have a major effect on controlling temperatures, as
results. Please refer to section 5.3 for further detailswell as achieving homogeneous melt characteristics
of drying and handling of regrind material. in engineering polymers.

Table 4 — Summary of processing recommendations for blow moulding resins

Mould
Drying requirements Process melt  Mould clamping
Resin type Max.%  Temp.°C/ temp. range,’C temp.°C  force N/cm Shrinkage", %
and grade Material type  moisture time (mid-point) pinch length  Length Width
HYTREL® HTR4275 TEEE 0,02 100-120/2-3 h 215-225(220)  10-50 800-1200 2,2-2,7 1,5-2,0
HYTREL® HTR5612 TEEE 0,02 100-110/2-3 h 210-225(215)  10-50 800-1200 2,2-2,7 1,5-2,0
HyTrReL® HTR8105 TEEE 0,02 100-110/2-3 h 210-225(215)  10-50 800-1200 2,2-2,7 1,5-2,0
HyTReL® HTR8223 TEEE 0,02 100-110/2-3 h 210-225(215)  10-50 800-1200 2,2-2,7 1,5-2,0
HYTREL® B5576 TEEE 0,02 100-120/2-3 h 215-225(220)  10-50 800-1200 2,2-2,7 1,5-2,0
HYTReL® BMB574 TEEE 0,02 100-110/2-3 h 230-240 (235)  10-50 800-1200 2,2-2,7 1,5-2,0
Zy1eL® CFEB005 PAGG 0,05 110-120/4-6 h 270-280 (275)  70-120 1500-3000 1,2-1.7 2,3-2.8
ZYTeEL® EFE7340 PAG6 15% glass 0,05 110-120/4-6 h 270-280 (275)  70-120 1500-3000 0-0,5 1,0-1,5
EFE7341 PAGG6 20% glass

ZYTEL® BM73G25T PA6 25% glass 0,05 110-120/4-6h  230-240(235)  20-120  1500-3000 0 05-1,0
ZYTEL® BM7300FN PAG flexible alloy 0,05 80 max./6-7 h 225-235(230)  20-60 800-1200 24-2.8 24-2.8
)
)

ZYTEL® BM7300T PAG rigid 0,05 110-120/4-6h  230-240(235)  20-120  1500-3000 1,0-1,5 1,8-2,5
CrasTIN® BMG450 PBT 0,03 100-120/2-3h  235-245(240)  20-60 800-1200 1,8-2,3 1,5-2,0

' Measured on 1 litre bottles.

Exact shrinkage value will depend on average wall thickness and shape of part. Use lower value for ~ 1 mm wall, higher value for >4 mm wall.

Note: For Injection blow moulding of HYTrReL® resins, please refer to section 4.10.
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4.3 Adapter, head and die temperatures 4.4 Accumulator push-out pressures

and speeds
Engineering resins tend to have sharp melting points
which means that manifolds/adapters, head and die Push-out pressures may be limited by machine design
zones should be uniformly heated to avoid cold spots and safety considerations and there is no “optimum”
where the molten resin could suffer changes in visco- pressure for different grades or types of DuPont resins.
sity or even “freeze-off”. There should not be any large However, the pressures which are measured with any
areas of unheated metal in these areas of the blow one machine/head/die combination will obviously
moulding machine. In addition, all heaters should be depend on:
large enough in heating capacity to ensure that all zones Type/grade of resin
reach their start-up temperature settings in a reasonablg \jscosity of resin (as determined by melt
time period and the temperature is subsequeuify temperature, moisture content etc.)
troI'Ied Wlthln a few plegrees of the set-point at all times., Die gap (as set by die tooling dimensions
This will also require that the thermocouples are and parison programme)
properlylocated in deep pockets within the body of Die geometrv (shape
the adapter/head/die section. As stated in section 4.2 . 9 y (shape)
the ideal situation is to achieve the desired melt tem- * D'€ temperature
perature at the end of the screw, after the final barrel * Push-out speed
zone. The objective of the various heater zones in the
adapter and the head should be to maintain that valug; Ush-out speed (or pre-set push-out pressure) should
without adding to, or reducing the melt temperature. Normally be as fast as possible for most engineering
In other words, these zones should not be used to "®Sins. This is for the following reasons:
compensate for poor screw design or wrong barrel * Minimise parison sag (stretching) especially
temperature settings! with long parisons

* Minimise surface oxidation (which may effect

Optimum temperature settings in the adaptor, head, andpinch welds)
die zones should be based on the Table 4 “Process MelMinimise surface cooling (for better surface
Temperature” (mid-point) for each type of resin and finish — after moulding)
grade. Once the temperatures have been set, it is impor-
tant to allow enough “heat soak” time to achieve unifornThere may be a need to limit the push-out speed if the
and stable temperatures throughout the various zonesparison shows signs of melt fracture (or “sharkskin”),
on the machine. If, during normal machine operation, or for reasons of machine design/safety.
it is noticed that any of the actual temperatures fall
significantly below the set points, the cause of this
shogld be investigated. Some possib!e causes may bq':_5 Parison programming
» failure of a heater band or connections

« dislodged thermocouple Multi-point parison programming is standard on most

* sudden external source of cooling blow moulding machines and it allows control of pari-
(e.g. draught from open door) son wall thickness along the length of the parison by

 other cooling effect — for example some machines opening or closing the die gap according to a pre-set
have airflow through the head for part blowing. programme. The use of parison programming is neces-

sary to compensate for any tendency for the parison to
Die temperature is normally set in a similar way to  stretch under gravity, particularly with longer parts, as
the head temperature, although a higher temperaturevell as to position the optimum thickness of material
(5°-20°C) may be used to improve surface finish at each point along the length of the part.
(including “sharkskin” or melt fracture effects) and
to reduce push-out pressures and die swell. It may The “profile” which is adopted for programming the
also help too improve pinch weld strength with certain parison for any given mould is determined during
resins. moulding trials.
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46 Mould temperature 5. Monitor the screw torque through drive motor current
and also any melt pressure transmitters. Gradually

Guidelines for mould temperature settings are given  increase screw speed to normal running speed, again

for each type of DuPont engineering resins in Table 4. watching motor current and melt pressure.

These temperatures are selected taking into account 6. It may be beneficial to turn the screw and cycle the

some important criteria such as: accumulator head (where fitted) at a faster than

e The need to minimise overall cycle time normal rate as part of this start-up procedure, in

« The rate of “freeze-off” of the material when order to help purge the machine of any old resin
in contact with the mould, which may affect or polyethylene which may be difficult to clear
surface finish in some materials (hot mould from the adapter, head and die sections.
may give better surface finish) 7. Ensure that all foreign material or polyethylene

» The shrinkage rate of the material “skin” has been completely eliminated from the

« Pinch-weld strength, which may be optimised machine by checking the surface of the parison,
by use of a hot mould both visually and by scraping with a suitable blade

or other instrument.

Special processes such as certain 3D blow moulding 8. Start moulding using established conditions and make
may require higher temperature moulds than those adjustments as necessary.
indicated in Table 4 — see section 2.4.

4.8 Purging and shutdown
4.7 Start-up procedures

For short term stoppages (say between 15 mins and
Normally, the machine should have been run empty 3 hours) it is recommended that the machine is run
when shut-down, in accordance with the procedure empty by closing the feed hopper slide and pushing
outlined in section 4.8. If previously used fortzL® out all material from the barrel and head. Maintain
or perhaps other engineering resins, it should have beemormal temperature settings in all zones. Start up
purged with high density polyethylene prior to shut-  should be followed by purging out all residual stagnant
down. If the machine was shutdown after purging withmaterial with fresh resin. For situations where the
(for example) NTREL®, then the following procedure  machine will be stopped for more than say 2-3 hours
also applies. However if thermally unstable miats the following purging and shutdown procedure is
such as PVC were previously in the machihen recommended, depending on which type of resin is
it is recommended that temperature limits for these being moulded.
materials should not be exceeded until the machine is

first warmed up and purged with high density poly-  zytg © (PA6 and P66 types):

ethylene. In ge_neral the start up procedure is: e Close hopper slide and continue running machine
1. Set all machine temperatures at the suggested until all resin is cleared from the barrel and from
running temperatures given in Table 4 for the the accumulator head (if fitted).

appropriate resin type  Introduce high density polyethylene through the

2. Allow the temperatures to reach set point, then allow  screw and head and continue running it through the
to “soak” for an additional 1-3 hours, depending on  machine until all traces ofvZeL® are purged from
the size of the machine. If any machine does not  the machine. Running the machine at faster speeds
reach the controller set point temperature within @ than normal may help to accelerate the purging
reasonable period, the relevant heating and control  process. Run all polyethylene out of the machine
circuits should be checked out (see also section 4.3). pefore shutting it down and switching off heaters.

3. Keeping the feedhopper closed, start the screw and The purging time (and quantity of polyethylene
using low speed initially, make sure to check motor  peeded) may be significantly reduced by the use
current and melt pressure instruments where provided, of 4 suitable proprietary purging compound. For
to ensure there is no blockage or other problem asso-example, Extru-Cled® purging additive has been
ciated with a slug of cold material in the machine.  found to be successful with both PA6 and PA66

4. Once the screw is turning (slowly) and there is no types of ZTeL®. Always follow the procedures
evidence of blockages etc. then open the hopper to recommended by the suppliers of the purging
allow resin granules to enter the screw feed section. compound.

U Extru-Cleaf? is available from: Annecat Plastics, P.O. Box 10841, Aston Manor, 1630 South Africa,
and agents in other countries.
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Follow up the use of purging compound by a quantity}.9 Secondary operations
of high density polyethylene, running it through the

machine until clean, then empty the barrel and head There are a variety of secondary operations that can be
(accumulator) before shutting down the machine. performed on blow moulded parts, for example:

Trimming

® . . . .
CRASTIN Part trimming is the most common secondary operation.

CRASTIN® may be purged from the machine prior to shutH the parts are trimmed by hand, then this should be
down by following the procedure recommended for done while the parts are hot, to minimise the effort
ZYTEL®. However, when it is planned to start up the required. Automatic trimming using shear cutters and
machine again with RAsTIN® (or HYTREL®) it is sug- appropriate “masks” or fixtures to hold the part may be
gested that the following process will make it easier used for rigid materials. Alternatively circular sections
to start-up and minimise the time and material requiredan be trimmed using rotating cutter blades.

to achieve a clean parison:

« Close hopper slide and run alk&TiN® out of the Welding
barrel and accumulator head (where fitted) DuPont blow moulding resins have been designed for

* Introduce some HrREL® HTR4275 through the good welding performance, and have been tested using
machine until all traces ofBsTIN® have been commercially available welding equipment. For best
purged through the die. Maintain normatASTIN® results it is recommended that the following points are

processing temperatures. If preferred, regrind or observed when welding parts:

scrap HTREL® blow moulding resin may be used  « Mouldings should have minimum moisture content
« Optional: Follow the blow moulding ¥+ReL® grade (in particular nylon materials). They should either

with a short purge of HrReL® 4056 grade. This low be welded within a few hours of moulding, or they

melting point grade will ensure that any residual ~ should be kept in a hot-air oven (80-100°C) for

material left in the machine after shutdown is easily = several hours prior to welding.

melted during the start-up process, thereby reducing Hot plates should be kept clean and preferably

the material and time needed for start-up. TerFLON® coated (only suitable for temperatures up
to 290°C). Where #FLON® coating is not possible,
HYTREL ® automatic wiping or wire brushing of the plate sur-

Where it is planned to re-start the machine again with face between welds may be appropriate.

HYTREL®, then it is helpful to purge the machine with * Plate temperatures and pressures during melt-back

a low melting point grade of WREL® such as 4056 phase should be adjusted to give a good bead of

(without lowering temperatures from normal running ~ Molten resin, without spreading it away from the

settings). Run the machine at high speed to assist purg-melting zone. Normally, the hot plate should be set

ing, and then after a few minutes, empty the barrel and t0 & temperature 40-70°C above the nominal melting

switch off the heaters. The residual low-meltimgrkiL® point of the resin being welded (refer to Table 4).

in the head will make start-up faster and easier. * Minimise time between removal of the hot plate and
pushing together the two parts being welded.

When more complete purging is required, for example

if the machine is to be re-started with a different resin,Further advice on welding may be obtained from welding

then HTREL® may be purged with a high density poly- machine manufacturers, or through your DuPont repre-

ethylene (as for ¥reL®). sentative.
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4.10 Special conditions for injection Pressblower (Ossberger) process — HrrReL®

blow moulding and Presshlower® Table 6 below shows suggested processing conditions
(Ossbherger) operation for CVJ boots in MTREL® HTR8105 on a 50 mm screw
Ossberger SBE 50 machine. Parameters may be different
These processes are preferred for moulding CVJ bootBom these values, depending on the design of the part,
in HYTREL®, but are also suitable for other smaller, the mould construction, and the actuatrREL® grade
high volume part production. However, injection blow being used.
moulding is not normally suitable foryZeL® materials.

Injection Blow Moulding — HYTREL® Table 6 — Blow Moulding Conditions:

Table 5 gives suggested processing conditions for CVJ Ossberger SBE 50 Machine
boots in HTREL® HTR8105 on a typical multi cavity  yyrpe® HTR-8105BK

injection blow moulding machine. It should only be .
used as a guide, since temperatures and other paramef&pgess parameter
will be different from machine to machine, and for Barrel temperatures,°C

Typical range

different HrTREL® grades. zone 1 (rear) 205-215
zone 2 215-225
It is also necessary to use special mould and core surfacé®"® 3 225-235

treatments (textures and release coatings) foREL®. zone 4 (front) 225235
Details should be obtained from the machine manufacHead/die temperatures

turer or from your DuPont technical representative. bottom 225235
middle 225-235
die 240-255
die cone 240-255
Table 5 — Injection blow moulding conditions Screw RPM 10-25
HyTreL® HTR-8105BK . .
Parison extrusion speed 25 mm/s
Process parameter Typical range (constant)
Barrel temperatures,°C Max parison pulling speed 100 mm/s
Rear 220-240 .
Centre 220-250 Die gap 100% = 3,3 mm
Front 220-250 Typical cycle time 15-20's
Nozzle 220-250 Calculation of pin/die diameter
Melt temperature,®C 225-250 Blowing mandrel (=small neck int., dia) “X" mm
. o i Extrusion pin diameter “X"+1mm
Parison hold temperature,°C 95-170 Extrusion die diameter N+ 14(55
Core rod temperature,°C 150-190 to 6,5) mm
Screw, RPM 80-120
Parison moulding cycle, seconds
Injection 0,5-4,0
Hold 1-10
Blow air pressure, bar 5-15
Blow moulding cycle, seconds
Blow 4-10
Exhaust 3-5

Total cycle time, seconds
(based on 3-station operation making
3 boots per cycle) 10-15
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5 Handling of blow moulding resins

5.1 Effects of moisture

08
All polyamide and polyester resins are affected by the 06

presence of moisture in processing, and must be drie(
to a low level of moisture prior to blow moulding. How- 04
ever, since polyamides generally absorb higher quantiti
of moisture, they are particularly sensitive to moisture
pick-up and consequent effects on viscoditye mois-
ture can significantly effect viscosity, even though th
level is not high enough to show up as bubbles or
other defects in the molten parison.

0.2

HYTREL® HTR-4275 _—

—

0,1
0,08

0,06

Moisture gain, weight (%)

Figures 10 and 11 below show the amount of moistur¢ ~ **
pick-up in typical blow moulding grades oY #L® PA66
and HTReL® in 50% R.H. air at room temperature. 0,02
Higher humidity or temperature will increase the rate
and ultimate level of moisture absorption.

Maximum for Processing

0,01
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Time (h)

The effect of moisture on the viscosity of blow moulding
nylon grades can be seen in Fig. 12, which is typical g ¢
for most of the 2TeL® PA6 and PAG6 types.
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Fig. 10 Moisture absoption, 50% RH at room temperature Fig. 12 Melt viscosity vs. weight % H,0

For HYTREL® and QRASTIN® the change in viscosity is  for ZyTEL® grades or 0,03 % for REL® and RASTIN®
not so severe, but there is some effect, mainly due tagyrades. As can be seen from Figs. 10 and 11 above,
the hydrolytic degradation of the polyester resins wherthese moisture levels can be reached very quickly when
moisture is present during processing. fully dried material is exposed to typical atmospheric
conditions, so it is essential that dried material is trans-
The maximum recommended levels of moisture for ferred quickly to the machine hopper, then suitably
blow moulding DuPont engineering resins are given protected from further moisture pick up. The best way
in Table 4. Generally it should be no more than 0,05%0 achieve this in practice is by use of dessicant dryers
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mounted on the machine hopper, or connected to thes,3  Regrind

hopper by a sealed piping system. It is also recom-

mended that a device for accurately measuring granufghe handling of regrind material is closely related to

moisture content (down to below 0,01%) is available the effects of moisture. It is important therefore that all

for routine moisture checks where engineering resins regrind is either re-used quickly after moulding (for

are regularly being blow moulded. example in a closed-loop system which automatically
recycles trimming and flash to the moulding machine

Further advice on moisture measurement can be obtaingshper), or else thoroughly dried before use, if it has

from your DuPont representative. been allowed to pick-up moisture over a longer period.

Table 4 shows recommended drying times and temper-
5.2 Drying atures for DuPont engineering resins. However it may
be necessary to dry regrind material (especially nylons)
As indicated above, it is necessary to ensure very lowfor considerably longer than this, depending on the
levels of moisture in both nylon and polyester resins moisture content of the regrind.
before blow moulding. To achieve these low moisture
levels, a dessicant (dehumidifying) air dryer is essentiai;he maximum amount of regrind (% by weight) which
since the more basic “hot air” dryer cannot usually drycan be added to virgin resin in the blow moulding pro-
to these conditions unless operated under vacuum cess will depend on the resin grade. Since there is
(vacuum ovens could also be used, but normally their always some thermal degradation during moulding,
capacity is insufficient for blow moulding output rates)it follows that some loss of mechanical properties may
result from use of an excessive amount of regrind —
Many suitable dehumidifying dryers are available ondepending onhe quality of regrind (in terms of pos-
the market. However it is important to check (at regulasible thermalegradation). Another limitation on the
intervals and whenever drying performance is suspectamount of regrind which can be used comes from the
that a dew point of —25°C, or lower, is being achievedscrew feedingharacteristics of the regrind — badly cut
It is strongly recommended that a dew point meter igvery irregular size and shape) regrind may not feed
available for such routine checks. properly, unless mixed with a high % of virgin resin.

Guidelines for drying time and temperature are given ilm general, maximum regrind levels suggested for
Table 4 for most DuPont blow moulding resins. ActuaDuPont engineering polymers are as follows:
drying time required may vary from those indicated,

depending on initial moisture content. ZvTeL® PAG and PAGG types,

_ ] including glass reinforced: 60 %
Dryer hopper capacity should be adequately sized for tge

® ®
required residence time prior to moulding. This can b RASTIN® and HIYTREL® types,

calculated from the expected throughput rate (kg/hou.r,Or airduct and similar applications: 60%

and using a bulk density valief 0,6 kg/litre for HTReL® used for CVJ boots: 30%

ZyTEL® and 0,7 kg/litre for MTREL® and GRASTIN®

resins, for example: With some grades it is likely that regrind behaviour in
processing will be different from that of virgin resin, in

Production throughput: its viscosity (melt strength) and die swell characteristics.

90 parts/hour x 300 g each ? =27 kg/hour For this reason it is important that the level of regrind

Required drying time (Table 4, ZvTeL® PAB) = 6 hours used should be maintained at a constant % during part

production. Should it become necessary to run with
lower, or higher, levels of regrind the machine parameters
may need to be adjusted accordingly.

Required dryer hopper capacity =162 kg ZYTEL®
=162 x 0,6 =97 litres

So dryer hopper capacity should be 100 litres capacity
(minimum).

Y Bulk density value for regrind will be significantly lower than for virgin resin.
2 Assumes all scrap is immediately re-used. If not, add weight of scrap not re-cycled.
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5.4 Bulk Storage For example, it is suggested that only a small hole is
made in the plastic liner for insertion of a suction pipe

For high volume manufacture utilising several machine#hich will transfer the granules pneumatically to the

in continuous production, it may be economical to condryer. This hole should be re-sealed tightly when the

sider bulk delivery and storage of resins. Depending oi€Sin is not being consumed.

the grade and logistics, various forms of bulk shipment

may be available from DuPont, such as: For transfer of container shipments to storage silos,

* 500 kg boxes a dry-air pneumatic system should be used to avoid
+ 800 or 1000 kg octabins unnecessary moisture pick-up. Inside the silo, the air
e Special containers (typically 18 or 20 tonne) space above the granules must be kept charged with

dehumidified air from a dessicant system. The granules
Resin supplied in each of these forms conforms to should be fed to the moulding machines through a
normal DuPont sales specifications for moisture contentlosed piping system, passing through a suitably sized
and is sealed against moisture pick-up in shipping bydryer — either individual dryers for each moulding
suitable moisture barrier packaging material. Proceduremachine, or a larger single unit feeding a manifold
for handling boxes and octabins at the moulding machirgystem connected to each machine. In some cases,
should ensure that excessive moisture does not enterspecially with nylons, a combination of bulk dryer
the resin after the package has been opened, and bef@rdich can be hot air type) plus individual dessicant
all the resin has been transferred to the dryer hoppersdryers may be preferred.
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6 Mould design guidance

6.1 General to thinning of wall sections and tearing of the parison
during the forming process. Blow-up ratio should be

Mould design for blow moulding resins is basically ~ minimised where possible close to the parting line/pinch-

similar to that of other resins, such as polyethylene. off location.

The main additional considerations should be: pinch-off

design and material of construction, blow up (draw) 6.4 Mould shrinkage allowances
ratio, shrinkage allowances and cooling. and part dimensions

Part shrinkage is significantly higher in blow moulding
than in injection moulding and in particular there is a

As bl dabl i d b significant difference between “flow” direction and
s for most blow mouldable resins, moulds may be CONqa sy erse” direction with glass reinforced resins.

structed from one or more of the following materials:

6.2 Materials of construction

* Steel(machined or cast) Typical shrinkage allowances are given for DuPont

* Aluminium (machined or cast) engineering resins in Table 4. The exact amount of

 Beryllium Copper (machined or cast) shrinkage for a particular resin grade will depend on:

« Kirksite (low melting metal alloy — usually only for 1. Wall thickness (thicker = more shrinkage)
prototypes) 2. Melt temperature (higher = less shrinkage)

* Filled epoxies(prototypes or small production runs) 3. Mould temperature  (higher = more shrinkage)

e Cast polyurethane(usually only for prototypes) 4. Processing conditions (for example push-out speed

and die/orientation effects)
The correct choice will depend mainly on economics,
life expectancy and speed of fabrication. Some consi-Of all these, the most important factor is wall thickness,
derations may be worth pointing out: and it follows that variations in wall thickness through

- For glass reinforced grades, the pinch off (at least) the part can result in some warpage of the finished
should be machined from steel to prevent damage Moulding. Control of wall thickness during moulding

and wear from the abrasive nature of glass fibres. is therefore quite critical. There will also be some

» Steel is more robust and may therefore be better Oost-mould (additional) shrinkage, which is usually

withstand long term production, especially when quite s.maII. AI.SO’ with nylon resins there wil b? some
considering operator cleaning of mould surfaces an ngg:ﬁ\gxﬁjezhrg\:age due to moisture absorption in
possible damage when removing deformed parts etc. part.

(engineering resins are usually harder than poly-
ethylene, for example).

» Because of their semi crystalline nature, and high
melting points, heat transfer is important in blow
moulding engineering resins. For this reason alu-
minium and beryllium copper moulds and inserts
may be advantageous (especially in fast cycling 6.5 Pinch-off designs
processes like injection moulding of#ReL® CVJ
boots). All DuPont engineering resins are designed for good

pinch weld behaviour. However, good pinch-off design
is important to achieve maximum strength in the pinch-

6.3 Blow-up (draw) ratio off part of the moulding (some mouldings, for example

those made with most 3-D moulding processes, do not

Blow-up or draw ratio in the blow moulding process iscontain a pinch-off in the finished part).

the ratio of the initial surface area of the parison to the

total expanded surface area of the moulded part. For engineering resins, the preferred design is usually

the so-called “double dam” type, which helps to develop

Sharp corners and other areas resulting in an effectivahe necessary pinch pressure and forces molten resin

draw ratio greater than 4:1 (3:1 for glass reinforced back into the weld area. This prevents the formation of

resins) should be avoided in the mould design. If this a “V” notch inside the moulding, which can be a source
ratio is too high it can cause poor part performance dus weakness.

All these factors mean that it is strongly recommended
that final shrinkage allowance for mould design should
be based on experience and from measurement made
with the same resin in a similar mould configuration.
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A typical design of this type is shown in Fig. 13 below§.6 Other mould considerations
Other designs, including the conventional “single dam”

configuration have also been used successfully with
DuPont resins and may be perfectly suitable in cases recommendations since these are best left to competent
where maximum strength in the pinch weld area is noflow mould tool manufacturers who have many years

critical.

L = 0,51to0 1 x Parison wall thickness

DPD = 2to4 xParison wall thickness

DL = 1102 x Parison wall thickness

FW = large enough to hold maximum Parison “flash”
after pinch-off

D = 0to 0,5 mm. Depending on required ease
of trimming

DD = D+(0,5x Parison wall thickness)

FD = 1,510 2 x Parison wall thickness

Cavity surface

430"0
4§0°c

Flash
pocket

- —» mould opening

Fig. 13 “Double Dam” Pinch-off Design
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It is not intended to provide extensive mould design

of experience in this area. However, the following points
are particularly important for successful blow moulding
of engineering polymers.

e Mould cooling should be well designed due to
the fact that engineering polymers have a high heat
capacity because of their semi-crystalline nature.
The cooling should provide an even mould tempe-
rature over the surface during moulding, since
uneven cooling rates in the part can lead to warpage.

e Venting of the mould cavity must be provided in
order to prevent poor surface reproduction, or surface
defects in moulding. In some cases, sufficient venting
can be provided by the use of a non-polished surface
(for example sand-blasting or “texturing”), but where
the cavity is large or deep it is normally necessary to
provide special vent “plugs” (sintered metal) or slit
vents. Venting at the mould parting line may also be
provided by slight relief of the cavity edge, leading
into an adjacent vent channel.

* Mould surface finish can affect the venting of the
cavity (see above), but for some resins (such as
HyTREL®) it can help with part ejection from the
mould. In this case a sand (grit) blast surface is
preferred to a polished surface. A highly “textured”
surface can also be used successfully to hidesany
face blemishes which might be seen on a smoother
surface — these blemishes are sometimes the result
of uneven cooling or shrinkage effects in the part as
it cools.

» Relief angles, undercuts etc: Due to the high shrink-
age of engineering resins, it is important to avoid
designs where the shrinkage of the part could “lock”
the part in the cavity after cooling, and result in dif-
ficulty to eject the part. This is a potential problem
for both rigid resins (for example, glass reinforced
ZyTEL®) and more rubber-like resin likeviREL®.

If you would like additional advice on tool or part design,
please consult your DuPont technical representative.



71 Troubleshooting guide

The following table shows some of the more common DuPont engineering resins. The “most likely” or simplest
problems which may be encountered in blow mouldingauses are listed first and may sound obvious, but quite
often these are ignored or not properly checked out!

FAULT

CAUSE

SOLUTION

Bubbles in melt

Moisture

Dry resin

Wrong screw design (air entrapment)

Fit suitable screw

Poor melt strength

Moisture

Dry resin

Melt temperature too high

Check with needle pyrometer and
correct to recommended value. If actual
melt temperature greatly exceeds set
temperatures, see below

Excessive melt temperature
(significantly above set temperatures)

Faulty temperature controllers or
thermocouples

Repair/calibrate controllers and
thermocouples

Wrong screw design

Fit correct screw

Unmelt or “cold” appearance in parison

Temperature set too low

Raise temperatures —
see recommended settings for resin

Insufficient “heat soak” time before start-up

Allow longer “heat soak”

Faulty heaters, thermocouples or controllers

Repair/calibrate as necessary

Inadequate heater capacity for engineering
resin (especially in zones between cylinder
and head, or in head/die zones)

Upgrade heater size or provide
thermal insulation

External (or internal) cooling of head/die
by air draught or leakage

Eliminate source of air cooling

Inside surface of parison is rough
(outside may be 0.K.)

Core pin too cold

Consider fitting core heater
Check if air flow through core/pin
is excessive

Melt fracture Increase die temperature (only)
Reduce push-out speed/pressure
Check die/design (internal angles too
severe, for example)
Outside surface of parison is rough Die too cold Raise die temperature/check set point

(inside may be 0.K.)

is being held

Melt fracture

See solution for “inside surface” above

Poor pinch weld

Contamination from previous or purge
material

Purge for longer before starting
Moulding. Temporarily raise head/die
temperatures if required to accelerate

purging.

Melt or surface temperature too low

Raise temperatures — try only die
temperature first.
See below: “Parison hanging too long”

Parison hanging too long before mould close

Push out faster
Reduce delays in mould closing

Poor design of pinch-off area in mould

Redesign mould pinch-off
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FAULT

CAUSE

SOLUTION

Uneven screw output

Granules “bridging” below feed hopper

Check water cooling to throat area

Feeding problem in screw zone 1

Check set/actual temperatures are
correct

Raise first screw zone temperature
significantly (e.g. 20-30°C)

Check screw design

Too high regrind usage

Reduce % regrind used

Restriction or unmelted material after
screw/barrel

Check temperatures and pressures
Raise temperatures if necessary

Parison rolls onto face of die
(does not drop down)

Too low die temperature

Check die heater
Raise die temperature

Incorrect die geometry

Improve die design
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For further information on Engineering Polymers contact:

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

Du Pont Bulgaria

18, Tcherni Vrah Blvd.

Bldg. 2, Floor 5

BG-1407 Sofia

Tel. (2) 66 59 13/66 57 36
Telex 24 261 DUPONT BG
Telefax (2) 65 63 29/66 56 11

Ceska Republika a
Slovenska Republika

Du Pont CZ, s.r.o0.

Pekarska 14/268

CZ-15500 Praha 5 — Jinonice
Tel. +420-2-57 41 41 11
Telefax +420-2-57 41 41 50-51

Danmark

DuPont Danmark A/S
Roskildevej 163

Post Boks 139

DK-2620 Albertslund
Tel. +45 43 62 36 00
Telefax +45 43 62 36 17

Deutschland

Du Pont de Nemours
(Deutschland) GmbH
DuPont Stral3e 1
D-61343 Bad Homburg
Tel. (06172) 87 0

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

Egypt

Medgenco International Trade Co.
13, El Bostan Street

ET-Cairo

Tel. (02) 392 78 66

Telex 93 742 MK UN

Telefax (02) 392 84 87

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

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

Hellas
Du Pont Agro Hellas S.A.

Romania
Serviced by Interowa.

12, Solomou & Vas. Georgiou StreetSee under Osterreich.

GR-152 32 Halandri, Athina
Tel. (01) 680 16 14
Telefax (01) 680 16 11

Israél

Gadot

Chemical Terminals (1985) Ltd.
22, Shalom Aleichem Street
IL-633 43 Tel Aviv

Tel. (3) 528 62 62

Telex 33 744 GADOT IL
Telefax (3) 282 717

Italia

Du Pont de Nemours Italiana S.p.A.

Via Aosta 8

I-20063 Cernusco sul Naviglio (Mi)
Tel. (02) 25 302.1

Telefax (02) 92 107 845

Magyarorszag
Serviced by Interowa.
See under Osterreich.

Maroc

Deborel Maroc S. A.

40, boulevard d’Anfa - 10
MA-Casablanca

Tel. (2) 27 48 75

Telex 23 719 BOUKBEN
Telefax (2) 26 54 34

Norge

Distrupol Nordic
Niels Leuchsvei 99
N-1343 Eiksmarka
Tel. 67 14 10 00
Telefax 67 14 02 20

Osterreich

Interowa

Furer-Haimendorf KG

Brauhausgasse 3-5

A-1050 Wien

Tel. (01) 512 35 71

Telex 112 993 IROWA A

Telefax (01) 512 35 71 12/
512357131

Polska

Du Pont Conoco Poland Sp.z o.0.
ul. Prosta 69

PL-00-838 Warszawa

Tel. (22) 635 04 01

Russia

E.l. du Pont de Nemours & Co. Inc.

Representative Office

B. Palashevsky Pereulok 13/2
SU-103 104 Moskva

Tel. (095) 797 22 00

Telex 413 778 DUMOS SU
Telefax (095) 797 22 01

Schweiz/Suisse/Svizzera
Dolder AG

Immengasse 9

Postfach 14695

CH-4004 Basel

Tel. (061) 326 66 00

Telex 962 306 DOL CH
Telefax (061) 326 62 04

Slovenija
Serviced by Interowa.
See under Osterreich.

Suomi/Finland

Du Pont Suomi Oy
Piispankalliontie 17

PO Box 199

FIN-02201 Espoo

Tel. +358-9-7256 6100
Telefax +358-9-7256 6166

Sverige

DuPont Sverige AB

Box 23

S-164 93 Kista (Stockholm)
Tel. +46 8-750 40 20
Telefax +46 8-750 97 97

Tiirkiye

Du Pont Products S.A.
Turkish Branch Office
Sakir Kesebir cad. Plaza 4
No 36/7, Balmumcu
TR-80700 Istanbul

Tel. (212) 275 33 83

Telex 26541 DPIS TR
Telefax (212) 211 66 38

Ukraine

Du Pont de Nemours
International S.A.
Representative Office

3, Glazunova Street

Kyiv 252042

Tel. (044) 294 9633/269 1302
Telefax (044) 269 1181

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. (541) 319-4484/85/86
Telefax (541) 319-4417

Brasil

Du Pont do Brasil S.A.

Al. Itapecuru, 506 Alphaville
06454-080 Barueri-Séo Péolo
Tel. (5511) 421-8468/8556

Asia Pacific

Du Pont Kabushiki Kaisha
Arco Tower, 14th FI.

8-1, Shimomeguro 1-chome
Meguro-ku, Tokyo 153

Tel. (03) 5424 6100

South Africa

Plastamid

P.O. Box 59

Elsies River 59

Cape Town

Tel. 27 (21) 592 12 00
Telefax 27 (21) 592 14 09

USA

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

Wilmington, Delaware 19880
Tel. (302) 892 0541

Telefax (302) 892 0737

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

Internet location:
http://www.dupont.com/
enggpolymers/europe

Telefax (3) 227 62 00 Telefax (22) 691 09 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

France Portugal

Du Pont de Nemours (France) S.A. ACENYL

137, rue de I'Université Rua do Campo Alegre, 672% 1
F-75334 Paris Cedex 07 P-4100 Porto

Tel. 01 45 50 65 50 Tel. (2) 69 24 25/69 26 64
Telex 206 772 dupon Telex 23 136 MACOL

Telefax 01 47 53 09 67 Telefax (2) 600 02 07

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 spe-
cific 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 recom-
mendation 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”, H-50102.
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