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The performance of a high-strength aluminium alloy
AAT7075 as a candidate injection mould material has
been assessed. Particular attention has been
focussed on the thermal and wear performance of the
AA7075 alloy compared to a standard EN19 tool steel
alloy. In view of the fact that aluminium often fails
due to poor wear resistance, surface treatment of the
aluminium alloy was implemented by hard anodising.
The assessment was performed by manufacturing
three mould insert sets of identical design from each
of the materials, namely EN19 steel, AA7075 and
AA7075 in the hard anodised state. Each insert set
was subjected to 10000 shots in an injection
moulding machine. The core temperature of the
inserts was measured during moulding and wear was
assessed by comparing profile measurements of the
mould cavities before and after moulding. The EN19
stedl and uncoated AA7075 inserts did not show signs
of wear whereas edge retention was impaired by hard
anodising. The higher thermal conductivity of
aluminium compared to conventional tool steel was
not affected by hard anodising.

1. Introduction
As the result of a survey of the plastics conversiaustry

in the Western Cape, South Africa, it was learnkdt t
aluminium alloys are widely used in blow moulds whe
Aluminium is gdiyera

low pressures are experienced.
favoured in this application due to its ease of Im@ag and
favourable thermal conductivity. Parts of the nadbplone
to high wear such as the clamping areas are oftsigued
with tool steel inserts to increase lifetime. Thear is due
to these areas having to pinch and cut the pafsdmoliow,

warm plastic tube suspended between the mould $jalv
The main body or label area of the mould is usuall

constructed of an aluminium alloy. It is generalcepted
that aircraft grade aluminium alloy, AA7075,
preferred material for blow moulds due to its comattion of
good strength, wear resistance and surface qualdie
compared to other aluminium alloys.
contains significant Mg, Zn and Cu additions whigire

(S)

is the

The AA7075wll

The situation is quite different in the injectiorouniding
industry in that tool steels are mostly used as alth
material and aluminium alloys are only used forrshons
and prototypes. In particular, companies that pcedarge
guantities (millions) of thin walled items only usmol steel
dueto thehigh clampingforces(betweerl 500and3 000 N)
and injection pressures related to this type of Iding.
Maintaining the surface finish and edge retentieaneafter
hundreds of thousands of shots is a driving faatothis
mould material choice. Notwithstanding this requient,
the use of aluminium alloys can be attractive dueheir
outstanding machinability as demonstrated by highéting
speeds and prolonged cutting tool lifeThese benefits can
lead to cheaper mould manufacture and faster dglive
times, particularly given that it is sometimes klaed that
machining time is typically three times faster thaaol steel.
Furthermore, aluminium alloys are approximately ¢mied
the density of steel and this allows for simplendiang and
easier mould changes. Lower inertia of the mowuds
make it possible to increase the opening and dospeeds
of the moulding process, thereby decreasing thiedymes
as well as exerting less strain on the process imagh
Better thermal conductivity of the alloy can aid in
improving the cycle time by cooling the mouldedtgaster.
According to Harriset al? the faster the cooling rate the
less crystallinity is developed in certain polymarsd thus
the less shrinkage is observed in the part. Desthie
advantage offered by higher thermal conductivitng main
drawback with using aluminium as a mould mater&l i
increased susceptibility to wear. Although sevegihions
exist regarding the relative merits of using aluionim alloys
in the design of injection moulds, there are ncords of
systematic studies conducted to assess the perioemaf
aluminium alloys in injection moulding. The purposf the
present work is to investigate the relative perimnge of
tool steel, uncoated AA7075, and hard anodised AA70
nserts during standard injection moulding cycleghwa
iew to assessing the applicability of using aluomim in
certain injection moulding processes. Emphagisased on
the characterisation of the mould inserts beford after
moulding in order to establish wear behaviour, ipaldrly
with regard to the prospect of wear being reducgdhdrd
anodising the AA7075 alloy.

rise to precipitate strengthening during ageing thea

treatments.
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2. Experimental Methodology

A standard production injection moulding processswa
utilised to mimic actual processes in a commerfeatory.
To this end a Super Master 90 (Asian Plastics) leogg
clamping machine, equipped with a standard watdlech
was set up in a testing laboratory. The two mondderials
employed for comparison in this study were souloedlly
and were used in the condition specified by thepbep
The low alloy EN19 tool steel was supplied in tlzedened
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and tempered condition which realised a Brinelldnass
(HB) value of 330. The AA7075 alloy was heat teshto

the maximum strength T6 condition for optimising ave
resistance with an average hardness of 185 HB.

2.1 Mould design

Identical mould insert sets were manufactured fache
material variable. The mould cavity was designed
produce a simple key tag as demonstrated in fidiieg.

The key tag product is 70 mm long,
(maximum), 2 mm thick and the lettering is 0.5 meepl.

The intention of the product design was such thet

lettering provided high definition to allow critica
monitoring of the wear behaviour of the cavity sgHs.

Although the focus was directed at the assessniettieo
wear of the cavity surfaces as a result of the rmpelyflow

during injection, attention was also given to assep
damage on the parting faces and outside edges eof
cavities which experience high clamping forces miyigach
mould cycle. The key tag was moulded from polyptepe

because of its rigidity and ease of moulding.

Figure 1: Injection mould and insert design.

the anodising bath for one minute per micrometredan
layer thickness required. To produce the anodierlan the
AA70Q75 insert set, it was immersed in an electioljaath
of sulphuric acid with a concentration of 220 g p#e at
0 °C for 50 minutes. The voltage and current sg#tiof the
process were 35-40 Volt and 350-400 Ampere respsygti
After anodising, the inserts were sealed in déslilboiling
twater for 30 minutes. A sample of the aluminiutoylvas
hard anodised in the same bath as the insert setify the

35 mm widdhickness of the anodic layer. The polished ceexgion of

this sample is presented in figure 2 and indicateoxide
t layer thickness of approximately pfn.

Oxide layer

AA7075

Figure 2: The hard anodised layer (aluminium oxide)
has an average thickness of 70 um.

2.2 Assessment of wear resistance
In order to assess the propensity for wear damdgéeo
cavity detail as function of the number of moulcleg, the

The insert sets were mounted in an insert-and4olstProfiles of the inserts were measured at spectfeations

arrangement as shown in figure 1(b). Figure Ifdjcates
the dual cavity configuration which was incorpodat®
retain symmetry in the mould. The cooling channetse
also designed to accommodate 1.5 mm diameter Typ
thermocouples which were placed inside the injettsert

using a Renishaw Cyclone three-dimensional scanmée
repeatability of this instrument is Bm’. A probe of
100 mm long with a ball diameter of 0.5mm was used
efpllow the surface contours at a pitch of 0.01 mm
(i.e. measurements were recorded at intervalsQdf Bim as

at approximately the centre position for each pebdu the probe moved in the X or Y direction). The saaneas

Temperature was continuously measured during
moulding process to assess the relative heat ctiviiyof
each insert set.
performed in an experimental laboratory, the ingect
moulding machine was set up to simulate real prtoioic
conditions. In order to assess the endurance efirtbert
sets, each set was subjected to 10 000 shots witlverage
cycle time of 17 seconds. The total number of shvads
based on information gained from local toolmakets
expectation to observe a measurable amount of aiear
10 000 shots and a related study, which was rece
completed(where the batch size was 10 000 shots).
Rama Krishnaet al’, Rateicket al® and Fornet al®
suggest, in their research involving hard anodisirfg
aluminium, that a layer thickness of between 30 @bdm
should be applied. The hard anodising process
generally be complex, often due to factors suchbath
temperature, base alloy composition, acid concgotrand
agitation. This can lead to inconsistent resulBifferent
aluminium alloys yield different anodic layer grdwtates.
However, it is generally accepted that an estimatibthe
anodic layer thickness is obtained by keeping tioglyrct in
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tfere also examined using a Leica MZ8 stereo light

microscope to complement the profilometry analysithe

Although the moulding process wé@h definition detail was measured before and rafte

moulding to determine dimensional changes that hase
occurred as a result of wear during moulding. $pecific
measurement locations included profiles acrossbtigses
(raised 4 mm diameter circle that forms the hol¢him key
tag) and the logo in the X direction, and alongléregth of
the cavities in the Y direction as indicated irufig 3.
Although the profilometry analysis intends to detare

nihe extent to which the cavity detail has beenredteluring
moulding, the relatively high temperature of theviga
surface also suggests that the AA7075 alloy migat
susceptible to microstructural change as a redultver-
aging during exposure to elevated temperatureorder to

cagsess this probability, the hardness of the AA7aIlGy
was measured before and after moulding.

3. Results and Discussion

The moulding process was successfully carried dut a

10 000 shots for each insert set and from an dpegdt
perspective, the mould sets behaved nearly iddntilight

2
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@ injection cycles, the form of the profiles in thed¥fection
of the lower and upper cavity edge as well as tiodilps in

the X direction over the lower and upper logo @ thjector

side are compared. The position of these profikes

@ EJECTOR

SIDE

Logo illustrated in figure 5 and the actual profilesttbbefore and
profile after moulding, are exhibited in figures 6 — 8.
c I [
S 1 1
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Figure 3: The various profiles that were measured on 2 i/ e - j NG \A‘C -
the insert sets before and after 10 000 shots ¢ . =~ ~T
24 ALUMINIUM INSERTS — |
differences in the thermal cycles were detected they Mould process cycle
thermocouples that were placed inside the injesteerts Figyre 4: Comparison of the thermal profiles for the
despite the fact that the constant flow of coolvager was different inserts as function of mould process
maintained at 12.5°C. Figure 4 exhibits a graptthe cycle.

thermal profile for each insert set during prodmcti The
molten polymer, which was at a temperature in gggon of
220 °C, was injected into the mould cavity overirterval
of 1.7 s during each cycle. The mould was heldedofor
+3.5 s after injection to effect sufficient coolitgfore the
product was ejected. The entire cycle lasted Bhd
consequently a thermal print was developed for eacie
as the temperature increased during injection adedised
thereafter. Although the recorded temperatureinssl the
insert sets was more or less constant at +3.4h%Cshape of
the temperature profile was influenced by the déffe
insert materials as shown in figure 4. The toekkprofile
shows a rounded shape at its apex, while both aiumi
inserts indicate a much sharper apex. In additioa,tool
steel insert reached its maximum temperature &b 33 the
cycle time while both aluminium alloy inserts readhtheir
maximum temperature at 20 % of the cycle time. 3imp
apex and steeper heat gain of the aluminium alsgerts
indicated that the higher thermal conductivity diet
aluminium alloy provided a much faster response to
temperature change in the mould. The hard anodésext
does not produce a noticeable effect on the thermal
conductivity of the aluminium alloy in this case.
Furthermore, the bulk hardness of the aluminiuroyalas
not altered by the elevated temperature exposuiagithe
moulding process and thus indicating that the teatpee
rise was insufficient to cause significant microstural
change.

The wear resistance of the mould insert sets wa&sgure 5: Injector side insert indicating the position of

investigated by comparing the 3D scans before &ed the the lower and upper logo and cavity edge
production process involving 10 000 shots for eaeh. profiles which are compared in figure 6
Emphasis was placed on identifying deviations i th

respective profiles that may have been caused bgr we STEEL —

during moulding. If there was minimal deviation fhe —— T /

profile after comparing the situation before andemf N ‘ //

moulding then it was considered that wear did raket \ \ ,f

place. (@) \|| @ \ &)

Profile measurement was repeated along the samgure 6: Comparison of cavity profiles for the steel
traverses that are indicated in figure 3 after @0 $hots and insert set before and after 10 000 shots:
were compared to the original profiles that wergquired (a) and (b) lower logo and cavity edge;
before injection moulding. In order to illustrdtee extent to (c) and (d) upper logo and cavity edge

which the cavity surfaces have been altered asudt ref the
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Figure 7: Comparison of cavity profiles for the
aluminium insert set before and after 10 000
shots: (a) and (b) lower logo and cavity
edge; (c) and (d) upper logo and cavity edge
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Figure 8: Comparison of cavity profiles for the
anodised aluminium insert set before and
after 10 000 shots: (a) and (b) lower logo
and cavity edge; (c) and (d) upper logo and
cavity edge
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Figure 9: Fracture of aluminium oxide at sharp edge
inside mould cavity

R
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The rounded profile of the edges in figure 6, 7 8rate
created by the spherical shape of the measuringepused.
The profiles for the steel cavity in figure 6 ilttegte that the
general shape had not changed and consequenttatity
did not suffer any damage at all after 10 000 shdtsis is
not unexpected as this grade of tool steel is contynased
for injection moulding and often endures many mibran
10 000 shots in a lifetime. The uncoated aluminialfay
insert profiles shown in figure 7 also indicatetttiee cavity
surface has retained its original edge profile gnug has not
suffered any notable wear or deformation after Q0 ghots.
The hard anodised insert profiles, on the othedhdiffered
from the previous two materials in that significaetviation
from the original profiles can be detected as destrated in
figure 8. There is a distinct “flattening” of thenodised
surface on all of the edges and it is evident thaterial has
been removed. This situation is demonstrated linthe
profiles and is further supported by visual exariora of
the cavity edges. In a number of cases, partigutar the
lower cavity, the base aluminium alloy is clearlisible
when examined using low magnification light microgg.

An example of visible deterioration of the cavitgige is
shown in figure 9. The hard anodised layer hasnbee
removed at the cavity edges as a result of the gwtibn of
the brittle behaviour of the anodised layer and higher
localised stress at this point. The abrupt tréorsibetween
the hard anodised layer (aluminium oxide) and thseb
material provides an incompatibility in the acconuation

of stress, and consequently the anodised layeitufies
thereby causing wear. Although this damage toctngty
did not manifest in any alteration in the appeagaot the
polymer product, this situation will become more
exaggerated as the number of shots increases.efoherit

is indicated that despite the higher hardness eftiodised
layer and the expectation that better wear registavould
be provided, the susceptibility to edge damage teen
identified. Consequently, there may be very little
advantage, if any, in considering hard anodisintfase
treatments where precise retention of cavity edges
required. However, it may still be advantageousrploy
anodising to promote general wear resistance witemtion

of edge detail is less important. Although thistigalar
aspect was not studied carefully in the presenkwiomwas
noticed that the anodised insert set was muchpes®e to
pitting wear on the insert mating faces comparettéosteel
and uncoated aluminium insert sets.

4. Conclusion

The ability to produce moulded parts, up to 10 800ts,
was not influenced by the choice of material type the
mould insert sets. The thermal cycle, which wasrmieined
from thermocouples placed inside the mould insert,
indicates that the higher thermal conductivity dfet
aluminium alloy does translate into faster heatisgd
cooling response in the mould. Consequently, atiumi
alloy insert sets may provide an opportunity tordese the
cycle time and hence increase the production rate.
However, indications of wear on the cavity edgesthef
hard anodised aluminium inserts suggest that tliglebr
property of the aluminium oxide layer leads to fuae of
the anodised layers at high local stress concémtisat This
problem could become exaggerated with increasimgbau

of shots if high definition of detail is required the
maintained in the cavity.
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