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Contribution of Mn content on the pressure dose properties

Prispevek vpliva deleza Mn na lastnosti tla¢nih doz
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Abstract: For the pressure dose manufacture electrolytic aluminium and

its alloys are used. With the purpose of improvement of the material
properties and production rationalization, the optimal composition of
the alloy must be achieved to reach good formability and mechanical
properties with the best exploitation of the material.
The aim of this work was to analyse the properties of three alloys ac-
cording the AA standard: 1050, 3002 and 3003 which are used in dose
production. The investigation was made using computer simulation
of phase equilibrium with Thermo-Calc program, optic and electron
microscopy and technological testing. The Mn content in mentioned
alloys influences the phase equilibrium as the content of the phases on
base of Mn increases, increases the strength properties and raises the
recrystallization threshold. Inclusions are at the longitudinal courses
always longitudinal distributed (course of the impact extrusion) and
of polyedric shape; on the bottom of the pressure dose (Pos.1), the
inclusions can be found in bigger heaps. The results show that the
hardness, deformation pressure and crack pressure increase with the
increasing Mn content in the alloy.

Izvle€ek: Za izdelavo tlacnih doz se uporablja elektrolizni aluminij in njego-
ve zlitine. Za izboljSanje lastnosti materiala in racionalizacije izdelave
je treba zagotoviti optimalno sestavo zlitine tako, da bi dosegli dobre
preoblikovalne in mehanske lastnosti ob ¢im manjsi potrebni koli¢ini
materiala.

Preliminary notes



42

MEDVED, J., GopiceLy, T., Kores, S., MRVAR, P., VONCINA, M.

Namen dela je bila analiza lastnosti treh zlitin po AA-standardih
1050, 3002 in 3003, ki se uporabljajo za izdelavo tlacnih doz. Pre-
iskave zlitin so obsegale ra¢unalnisko simulacijo faznih ravnotezij s
programom Thermo-Calc, opticno in elektronsko mikroskopijo ter
tehnoloske preizkuse. Delez Mn v obravnavanih zlitinah vpliva na
fazno ravnotezje s povecanjem deleza faz na osnovi Mn, vpliva na
povisanje trdnostnih lastnosti in rekristalizacijskega praga. Vkljucki
so pri vzdolznih smereh vedno vzdolzno razporejeni (smer protismer-
nega stiskanja) ter poliedri¢ne oblike, na dnu tlacnih doz (Poz.1) pa
se vkljucki nahajajo v vecjih skupkih. Rezultati so pokazali, da se
trdota, deformacijski tlak ter razpoc¢ni tlak povecujejo z narascajoco

koncentracijo Mn v zlitini.
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INTRODUCTION

AA 3XXX aluminium alloys find wide
applications in the transportation, food,
beverage and packaging industries. In
these applications, control of the plastic
anisotropy of the sheet is of great im-
portance in order to ensure the form-
ability of the final product and to reduce
the waste of the material resulting from
earing behaviour.!"! Conventionally, alu-
minium sheet is mainly produced by the
direct chill (DC) cast technology. Con-
tinuous cast (CC) technology, a new
technology, however provides both en-
ergy and economic savings while reduc-
ing environmental emissions that are
more and more urgent issues in today’s
environment. Compared with DC cast
technology, CC technology also takes
advantage of high productivity.™*

Al-Mn alloys, known also as AA 3XXX
series, distinguish good formability, cor-
rosion resistance, good weldability and
relatively good mechanical properties
which make them very wanted alloys.
It is often used in a shape of plates and
lamellas; they can be extruded or forged
whereas their uses are limited.!

Slugs are used for the production of
aluminium packaging tubes with or
without membrane and for aerosol
cans. Slugs are round, with or with-
out a hole, surface treatment is tum-
bled or sandblasted, they can be flat or
domed. Once punched, the slugs must
go through an annealing process. Slugs
and discs are produced from continu-
ously cast and rolled narrow strip. The
surface of the slugs must be smooth
without obvious cracks.!®!
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The type, size and distribution of dis-
persoids formed during solidification
and cooling and during the homogeni-
zation process is of great importance.
[7.91 Tt has strong influences on the de-
formation behaviour, recrystallization
behaviour and mechanical properties
of non-heat-treatable 3xxx aluminium
alloys. A better understanding of the
precipitation behaviour of dispersoids
is crucial to the optimization of the
chemical compositions, homogeniza-
tion processes and mechanical proper-
ties of the alloys. During annealing at
450 °C, two types of dispersoids pre-
cipitate in the alloy. They were identi-
fied as a thin elongated Al ,Mn phase
with a body centred cubic (bcc) struc-
ture and an equiaxed plate-shaped or
needle shaped™ ALMn phase with an
orthorhombic structure. Both Al Mn
and orthorhombic AL Mn dispersoids
precipitate in binary 3003 alloy during
annealing at temperatures lower than
550 °C. Since both phases are meta-
stable, during annealing at higher tem-
peratures, Al Mn dispersoids precipi-
tate as a stable phase. When there were
trace levels of Fe and Si impurities in
3009 alloy, in addition to Al ,Mn phase,
hexagonal a-Al(Mn,Fe)Si phasel® or
plane cubic o-AlMnSi phase! 'Y was
found to precipitate in the alloy. The
addition of alloying elements in 3XXX
alloys has strong influence on the pre-
cipitation behaviour. Fe and Si greatly
decrease the solubility of Mn in solid
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solution and accelerate the precipita-
tion rate. Addition of Cu can also en-
hance the decomposition of the super-
saturated solid solution. Fe favours the
precipitation of Al (Fe,Mn),'"! while
Si favours the precipitation of cubic
a-phase, Al _Mn_Si or Al ,(Fe,Mn),Si
(when Fe is also present) in the alloy.
a-Al(Mn,Fe)Si dispersoid, which is
considered to be incoherent with the
matrix, is a very important phase in
3xxx alloys.['> 3]

MATERIALS AND METHODS

As an entry material for the production
of pressure dose, the slugs of 52.7 mm
diameter and 8.6 mm of thickness were
used. Three series of pressure doses
were made from three various alloys:
1050, 3002 and 3003.

The production process of pressure
dose is composed from seven follow-
ing steps (Figure 1):

(1) impact extrusion — (2) anneal-
ing (280 °C) — (3) interior protection
(140 °C) — (4) drying of base colour
(200 °C) — (5) printing — (6) drying
of lacquer (170 °C) — (7) forming of
cupola

After each of these seven steps, five
specimens were taken for further inves-
tigations. After the sampling, the speci-
mens were systematically marked.
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Figure 2. Sampling from the pressure dose

For each composition, the chemical
analysis and computer simulation of
thermodynamic equilibrium solidifica-
tion with determination of equilibrium
phase composition at room tempera-
ture using Thermo-Calc program and
database COST507 were made.

Sample preparation for the microscopy
The samples for the microstructure

analysis were taken from three places
(samples from 1—7): from the bottom
longitudinal to the forming course, at
the place where the crossing of bottom
to the wall was captured (pos.1), 1 cm
from the top in a transversal course
(pos.3) and longitudinal course (pos.2)
according to the course of forming
(Figure 2). Sample 0 represents the mi-
crostructure of a slug.
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Optic microscope OLYMPUS BX61
equipped with video camera DP70 and
analySIS 5.0 program was used for the
microstructure analysis and the scan-
ning electron microscope JEOL 5610
with EDS electron microanalyzer SU-
PERPROBE 73 enabled phase analysis.

The hardness was measured using the
Brinell test. The test for the determina-
tion of deformation and crack pressure
was made on a special equipment, that
through the fluid causes the pressure
from the inside walls of the pressure
dose. The pressure is measured with
the manometer. When the dose cracks,
the manometer senses the swing at
otherwise constant pressure increase.
The bottom is under higher load as the
walls, so it is thicker and in concave
shape. It is necessary that the bottom
undergoes under the pressure and goes
from concave to convex shape, which is
detected as a swing on the manometer.
At least 12 bar is demanded for the bot-
tom resistance on the plastic deforma-
tion. Furthermore, the crack pressure is
detected as a sudden drop of pressure
on the manometer. At least 18 bar is
demanded for the pressure strength of
the pressure dose. The cracks always
appear on the upper side of the dose

in a longitudinal course because of the
texture of the crystal grains.

RESuLTS AND DISCUSSION

Chemical analyses of slugs of all three
alloys were conducted in the labora-
tory for quality control of Talum d.d.
company and are presented in Table 1.

Computer simulations of thermody-
namic equilibrium solidification, equi-
librium phase diagram (Figure 3) and
equilibrium phase concentration at
room temperature were made using
Thermo-Calc program for all investi-
gated alloys. For input data the results
from the chemical analyses were used
(Table 1).

The mass percent of inclusions
(Al (FeMn) and AlMnSi) is with in-
creasing Mn-content which hardens
the alloy (Figure 4).

At room temperature, according to the
equilibrium calculation, for the 1050 al-
loy, the primary phase o, is composed
from 99.99 wt. % Al and the phase
Al (FeMn) is composed from 74.47 wt.
% Al, 15.50 wt. % Fe and 10.02 wt. %

Table 1. Chemical composition of investigated alloys in mass fractions, wt. %

Alloy Si Fe Mn Zn Ti Rest
1050 0.0913 0.2515 0.0016 0.0089 0.0066 99.61
3002 0.0726 0.2159 0.2945 0.0085 0.0545 99.35
3003 0.1917 0.5577 1.0037 0.0087 0.0066 98.21
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Figure 3. Isoplete equilibrium phase diagram of 1050 (a), 3002 (b) and
3003 (c) alloy
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Figure 4. Portion of Al (FeMn) and AIMnSi phase in investigated alloys
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Al EKa 914.52 6.048 70.060 53.201 wt.%
Si Ka 0.19 0088 0021 0017 wt.%
Ti Ka 217 0294 0112 0.151 wt.%
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Figure 5. Secondary-electron images of specimen C1 in longitudinal
course and the inclusions with chemical analysis
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Mn. For the 3002 alloy, the primary
phase a,, is also composed from 99.99
wt. % Al, Al (FeMn) phase is com-
posed from 74.51 wt. % Al, 12.38 wt.
% Fe and 13.11 wt. % Mn. Phase a,
for the 3003 alloy is composed from
99.99 wt. % Al and phase Al (FeMn) is
composed from 74.48 wt. % Al, 14.90
wt. % Fe and 10.6 wt. % Mn.

Analyses of inclusions

Samples C1 (cold forming) and C7 (fi-
nal product) were examined with scan-
ning electron microscope. In all sam-
ples, inclusions Al Mn composed of
aluminium, iron and manganese were
analysed. The inclusions were in lon-
gitudinal courses always longitudinal
distributed (course of forming) and of
polyedric shape (Figure 5).

Determination of portion and distri-
bution of the inclusions

Metallographically prepared samples
were observed at 500-times magnifica-
tion (Figure 6), which was most repre-
sentative for the analysis of the inclusion
distribution. The inclusions were distrib-
uted at the grain boundaries which were
most obviously seen at the unformed
specimen with 1 wt. % Mn. The share of
the inclusion increases with the increas-
ing of Mn content. So at the input mate-
rial for 1050 alloy, the surface fraction
of the inclusions was 0.8 and for the al-
loy 3003 1.46 %. After the first stage of
the cold forming, the inclusions become
smaller and with its position do not indi-

cate anymore the grain crystals, but are
distributed along the forming course.
Further six steps of forming have no fur-
ther effect on the amount and distribu-
tion of the inclusions.

After microstructure analysis, the por-
tion of the inclusions which appears
in the investigated alloys was deter-
mined (Table 2). It can be observed
that the surface portion of inclusions
Al (FeMn) increases with the increas-
ing of Mn content. Weight portion of
inclusions was calculated from the
surface portion using the density of
Al (FeMn) inclusions (3.953 g/cm’)
which also contain some Fe.

The equilibrium, according to the
Thermo-Calc program, shows bigger
amount of the phase due to the equilib-
rium precipitation, which in the praxis
is achieved only at a very slow cooling.
The surface (Table 2) does not capture
the whole amount of the inclusions.
Phases captured at the analysis of sur-
face portion could be intersected at the
various cross-sections, so this can pre-
sent only the comparison.

Microstructure analysis of the grains
in polarized light

The samples from the slugs made from
1050, 3002 and 3003 alloys were grind-
ed, polished and electrolytically etched
in 5 % HF. From Figure 7 can be seen
that at the bigger additions of Mn the
crystal grains appear smaller. For the
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Figure 6. Micrographs of analysed samples

Table 2. Surface portion of the inclusions in investigated alloys

Surface portion of inclusions Portion of inclusions (wt. %)
Alloy (Pos.1) (Pos.2) (Pos.3) (Pos.1) (Pos.2) (Pos.3)
1050 0.38 0.40 0.40 1.502 1.581 1.581
3002 0.60 0.42 0.45 2.372 1.660 1.779
3002 0.84 0.56 0.56 3.321 2214 2214

1050 alloy, the grains are 300-600 um
large. For the 3002 alloy, the grains are
smaller, only 50-200 pum large and for
the 3003 alloy a little bigger, 100-300
um large. These changes in a grain
size could be also consequence of the
sampling, how the samples were taken
from the slug regarding the impact ex-
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trusion respectively. The orientation
and the size of the grains could be also
a consequence of slug orientation, cut
out of casted and formed sheets.

For the samples Al (after cold form-
ing), A7 (final forming of the pressure
dose), C1 and C7 from Figure 8 can be
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Figure 7. Micrographs of crystal grains in the polarized light: 1050 (a),
3002 (b) and 3003 (c) alloy.

observed that at the 200-times magni-
fication, the crystal grains appear elon-
gated (transformed) among which are
equally distributed Al (FeMn) inclu-
sions. When the samples A and C are
compared, the amount of the inclusions
in the microstructure increases as the
Mn content increases.

The results of Brinell hardness test are
presented in Table 3 and the results of
the pressure test in Table 4. Mechani-
cal properties, mainly hardness of the

input materials, with the increasing of
Mn content increase. From Table 4, it
is evident that the deformation pres-
sure and crack pressure also increase
with the increasing of Mn content in
the alloy.

Table 3. Hardness of annealed alloys after
Brinell

Alloy Hardness HB
1050 20
3002 22
3003 30
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Figure 8. Micrographs of samples A1 (a), A7 (b), C1 (¢) and C7 (d).

Table 4. Results from pressure test

Wahl  thickness | Bottom thickness Deformation Cracking pressure
Alloy [mm] [mm] Pressure [bar]
[bar]
1050 0.4 1.1 22 27
3002 0.4 1.1 25 29
3003 0.4 1.1 29 31
CONCLUSIONS loys was analysed. The amount of the

From the mentioned investigations, the
following conclusions can be made:

Using the microstructure analysis and
computer program Thermo-Calc, the
amount of the inclusions in defined al-
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inclusions increases from 0.4 % for the
1050 alloy to 0.45 % for the 3002 al-
loy and to 0.56 % for the 3003 alloy.
According to the calculations with the
Thermo-Calc program, the amount
of the inclusions that could appear in
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these alloys at equilibrium conditions
was 0.15 % for the 1050 alloy, 1.74 %
for the 3002 alloy and 3.74 % for the
3003 alloy.

The crystal grains of investigated al-
loys appear elongated (transformed)
among which are equally distributed
inclusions Al (FeMn). The concentra-
tion of those inclusions is bigger at the
edge of the pressure dose and smaller
at the middle of the pressure dose.
When the specimens A, B and C were
compared, it was established that the
amount of the inclusions in the micro-
structure increases as the concentration
of Mn in the alloys increases.

In all specimens, the inclusions
Al (FeMn), composed from alumin-
ium, iron and manganese, were ana-
lysed. In the longitudinal courses, the
inclusions were always longitudinal
distributed and of polyedric shape. At
the bottom of the pressure dose (sam-
ple C9), the inclusions appear in bigger
heaps.

The thickness of the bottom and wall
of the pressure dose from various al-
loys is always the same. The deforma-
tion pressure was 22 bar for the 1050
alloy and it increases to 25 bar for
the 3002 alloy and to 29 bar for the
3003 alloy. The crack pressure also in-
creases when the concentration of Mn
increases from 27 bar to 29 bar and
finally to 31 bar.
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