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Abstract: Al-12Zn-2.4Mg-1.2Cu (Wt%) alloy billets as-deposited were extruded to be @100 mm bar, @100 mm>® 80 mm seamless
pipe and 160 mmx>15 mm stripper plate under different deformation ways. The microstructures of the products as-heat-treated were
studied by optical metallographic and scanning electron microscope, and the mechanical properties were also measured.
Metallographic microstructures show that the grains in the initial billets are almost equiaxed with diameter about 20 pum. There are
some second phases precipitated distributing in the grains and on the grain boundary. The deposited ventages around the grains
as-deposited were welded together by a welding metallurgy way during extrusion process. The flow lines were clearly observed in
the extrusion direction in all different extruded products. For the products as-heat-treated, the tensile strengths, the yield strengths
and the elongations of the bars are 688 MPa, 654 MPa and 12% in the cross direction (CD ), while 698 MPa, 674 MPa and 10.5% in
the longitude direction (LD); for the plates they are 783 MPa, 748 MPa and 7% in CD; while 751MPa, 719 MPa, and 8% in LD; for
the pipes they are 781 MPa, 735 MPa and 9% in LD. Scanning electron microscope examination reveals the fracture characteristics
of the fractured specimens exhibit three different fracture models which are ductile fracture, mixed fracture and brittle fracture

corresponding to bars, pipes and plates, respectively.
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Aluminum alloys have primary potential for lightweight

structural application in automotive and aerospace industries™™.

The 7000 series aluminum alloys are one of the most
important structure materials. On account of their specific
strength, stiffness and primary potential for lightweight
structure applications, they have been used in aviation,
spaceflight and other fields ““. with the development of
ordnance, aviation et al, higher strength, stiffness and other
properties®® ™ are required.

In order to meet the applications, many unconventional

methods are used to manufacture 7000 series aluminum alloys.

Because of advantages of solid solubility extending and rapid
cooling, spray forming process is one of the classical methods
to manufacture the super strength aluminum alloys. However,
according to the principle of spray forming process, the
deposited billets must be extruded into bars, seamless pipe or
stripper plates for structure parts post deformation.
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Although many study works on the mechanical properties
and microstructure of the 7000 series aluminum alloys
manufactured by spray forming process®*?, little attention is
paid to the Al-12Zn-2.4Mg-1.2Cu (wt%) aluminum alloy. In
the present work, the mechanical properties and
microstructures of Al-12Zn-2.4Mg-1.2Cu aluminum alloys
were systematically investigated in order to understand the
influence of deformation ways on them for the experimental
alloy extruded products such as extrusion bars, seamless pipes
and stripper plates.

1 Experiment

The experimental alloy billets as-deposited were fabricated
by spray forming process on the OS10 spray forming
equipment manufactured by Osprey company UK. The major
elements excluding Al contents were 12 Zn, 2.4 Mg, 1.2 Cu,
0.3 Zr, and 0.05 Ni (wt%). There were three different
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deformation ways as following. The @280 mm %500 mm
billets as-deposited were extruded into @100 mm bars and
@100 mm x @80 mm seamless pipes at 390 <C on 3200UTS
horizontal double-action backward extrusion presses. And 160
mm>15 mm stripper plates were fabricated by the same size
billets at 390 <C on 5000 t horizontal extrusion presses. The
billets as-deposited and different extrusion products are shown
in Fig.1.

All the properties and microstructure mentioned in this
paper are as-heat-treated. All tests under different deformation
ways followed the hot treatment principle. The solution
treatment was firstly performed at 450 <C for 1.5 h, and
then the solution temperature was elevated to 480 <C for 2 h
in salt bath. The aging treatment was firstly carried out at
130 <C for 13 h, and then the aging temperature was elevated
to 160 T for 4 h in the muffle. Lastly, the specimens were
taken out from the muffle followed by air-cooling to room
temperature.

The tensile test specimens were machined according to
ASTM E8 (2008), and tested on the CMT-4105 testing
machine with a constant crossed speed of 2 mm/min at room
temperature. The microstructures were observed on the Laika
MEF4 optical microscopy (OM) and QUANTA FEG 250
scanning electron microscope (SEM). The specimens were
electro-polished and anodized in Kller reagent (2 mL HF + 3
mL HCI + 5 mL HNO3; + 190 mL H,0).

2 Results and Discussion

The fine-grain ingots can be fabricated by the spray forming
process. Fig.2a shows the grains in the billet as-deposited are
mostly equiaxed. And the average diameter is about 20 um. A
plurality of second phase precipitates distribute in the grains
and the grain boundary in the continuous process of rapid
cooling, which can be also viewed in Fig.2a. At the beginning
of the spray forming, the melt is atomized into droplets and

Fig.1 Billets and extrusion products: (a) billets as-deposited, (b) bar,
(c) seamless pipe, and (d) stripper plate

semi-solid droplets which are supersaturated solid solutions.
And then the droplets and semi-solid droplets grow up to be
jet under the atomization-cooling common effects of the gas
flow at the meantime. Droplets and semi-solid droplets in the
jet fill in the ventages after spreading out and striking each
other during the depositing process of droplets on the
sediment pan. That is reason for equiaxed grains forming and
many second phases precipitating in the deposition ingot.
According to the droplets and semi-solid droplets stacking
principle, some ventages are formed inevitably distributing
around the grain in the billets as-deposited which can be seen
in Fig.2a. However, those deposited ventages are welded
together after hot extrusion as shown in Fig.2b~2f. That is
why it is rare to manufacture structure parts using billet
as-deposited. Conversely, some different plastic forming
deformation processes are used to prepare products with
different shapes and sizes for subsequent further deformation.
Fig.2c~2e show the longitudinal section microstructures of
the extrusion bar, and the stripper plate, respectively. Those
microstructures contain many fibrous deformed structures.
And the grains distribute along the extrusion direction. Hence,
the flow lines as an obvious feature of extrusion metal are
shown in the three images. During the extrusion process, some

50 um 50 um

Fig.2 Microstructures of extrusion products: (a) billets as-deposited,
(b) extrusion bar cross section, (c) extrusion bar longitudinal
section, (d) seamless pipe longitudinal section, (e) stripper
plate longitudinal section, and (f) stripper plate cross section
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grains as-deposited are elongated and some are elongated to
be new smaller grains distributed in the longitudinal direction
(LD). As a result, for the extrusion stream lines are observed
in Fig.2c~2e. The smallest grain size is illustrated in Fig.2c.
The average grain size is about 8 uym. The secondly uniform is
seamless pipes with about 30 wm in average grain size in
Fig.2d. The coarsest grain size of about 80 wm is given in the
longitudinal section of stripper plates in Fig.2e.

Fig.2b and 2f show the cross section microstructures of
extrusion bars and stripper plates. The obvious
recrystallization phenomenon occurs inadequately as shown in
the two images. The microstructures in the cross section are
typical mixed grain structures including recrystallized
microstructure and deformed microstructure. There are many
smaller grains distributed in local areas and many anisometric
grains distributed in the most regions. The phenomenon
mentioned above is owing to the unevenly distributed
distortion energy as recrystallization driving force. During the
forming process of products with different cross-sectional
shapes, the metal flowing characters corresponding to
distortion energy are also different. During the hot treatment
process, the more sufficiently recrystallization occurs, the
higher distortion energy is in some local areas. Therefore, the
distortion energy is also unevenly distributed in the seamless
pipes and stripper plates, leading to larger grains during the
hot treatment. So, the remarkable local irregularity of the
larger grain can be observed in the longitudinal direction (LD)
in Fig.2d and 2e.

The grain sizes of extrusion products are smaller and more
uneven than those of billets as-deposited. There are two main
reasons are following. Firstly, the grains as-deposited are
elongated, cracked and spread out in the extrusion direction
during the plastic deformation. So, many smaller grains in
cross section can be seen in Fig.2b and 2f. Secondly,
recrystallization occurs in the process of hot treatment and the
size of many new grains become larger in the LD which can
be seen in Fig.2c and 2e.

Fig.3 shows the mechanical properties of products under
different deformation ways. The average tensile strength and
yield strength of extrusion bars are 698, 674 and 688, 654
MPa in the LD and CD, respectively. There are few significant
differences in yield strength and tensile strength in the
different directions. The strength value is well corresponding
to the variance of grain size. The main reason for few
significant differences is the squeeze effect mentioned above
which can be seen in Fig.2b. As stripper plates of
experimental alloy, the tensile strength and the yield strength
are 751, 719 and 783, 748 MPa given in the LD and CD.
Comparing with the strengths in the CD and LD, the strength
in the CD are higher by about 4.3% and 4.0%, respectively.
The strength difference of the plates can be explained using
comparative analysis of organizational characteristics in
Fig.2e and 2f. The tensile strength and vyield strength of

seamless pipes is 781 and 735 MPa, respectively.

The different extrusion ratios for the bar, the seamless pipe
and the plate are 7.84, 21.8 and 8.17, respectively. According
to the strength test results, there is no sufficient evidence to
illustrate the relationship between strength and extrusion ratios.
However, it can be concluded that tendency of the strength
increases is the same as other alloys with the extrusion ratio
increasing.

The elongation of different directions extrusion products is
illustrated in Fig.3c. the elongation of the bars is 10.5% (LD)
and 12% (CD), and that of the stripper plates is 8% (LD) and
7% (CD). And the value of the seamless pipe is 9% (LD). In
order to find the reasons for the different elongation values of
the experimental alloy under different deformation ways, the
tensile fracture surfaces of different products were observed
by SEM and the results are shown in Fig.4.

The fracture surface shows many fine dimples for the
extrusion bar which can be observed in Fig.4a. The mean size of
those dimples is less than 5 um. The significant characteristic

900
800 781 751 783

688 7
& 7

&

S 700}

<600}

>

< 500}

& 400}

(<5}

= 300}

E 200}
100}

% % 7, . #

Extrusion bar-LD  Extrusion bar-CD  Seamless pipe  Stripper plate-LD  Stripper plate-CD

800}
700}

(]
a 600}
=500}
2400
& 300}
g 200}
> 100}
0

NN NN N NN
Extrusion bar-LD ~ Extrusion bar-CD  Seamless pipe ~ Stripper plate-LD ~ Stripper plate-CD

14
12}
10f

Elongation/%

o N b~ O ©
T T T T

Extrusion Products

Fig.3 Mechanical properties in CD and LD of the different products:
(a) tensile strength, (b) yield strength, and (c) elongation
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Fig.4 Fracture morphologies of extrusion bar (a), seamless pipe (b), and stripper plate (c)

of ductile fracture can be also seen in Fig.4a. Therefore, the
tensile fracture mechanism of the bar is ductile fracture. The
larger and more uniform the size of dimples are, the better
ductility is ™. In Fig.4b, little dimples and some strip
tearing ridges can be observed on the fracture surface of the
seamless pipe. The fracture mechanism is mixed fracture
along and through the grain boundaries. Fig.4c shows that the
fracture surface is characterized by a combination of most
intergranular brittle regions and a few cleavage regions. There
are many smaller precipitations which can be observed clearly
on grain boundaries.

3 Conclusions

1) The grains in the initial billets as-deposited are mostly
equiaxed grain with diameter about 20 um. A plurality of
second phases precipitate distributing in the grains and the
grain boundary. The deposited ventages are welded together
after different deformation ways. Some grains as-deposited are
elongated and some are elongated to be new smaller grains
distributed in the longitudinal direction under different
deformation ways. The flow lines are observed in
microstructures of extrusion bars and stripper plates in the
extrusion direction.

2) The mechanical properties of different deformation
products are all excellent. Taking the bars and plates for
example, there are the least significant distinction between
tensile strength and yield strength of different deformation
products in the same direction. The tensile strength, yield
strength and elongation of the bar in the cross section are 688
MPa, 654 MPa and 12%, respectively. And the higher
performance values of the bar are in the extrusion direction.
Contrary to the bar, the higher properties of the plate are in the
cross section which are 783 MPa, 748 MPa and 7%,
respectively.

3) Many fine dimples are on the fracture surfaces of the
extrusion bar. Little dimples and some strip tearing ridges can
be observed on the fracture surface of the seamless pipe. Most

intergranular brittle regions, a few cleavage regions and some
finer precipitations are displayed on grain boundaries on the
fracture surfaces of the stripper plates. The fracture
characteristics of the fractured specimens reveal three
different fracture models which are ductile fracture, mixed
fracture and brittle fracture corresponding to the bars, the
pipes and the plates, respectively.
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AEZF AR T Al-12Zn-2.4Mg-1.2Cu & & MMMLBLR S HF M4 EEf R

BRORIY2, MR fR 2 mES 2 ARG 2 KR!
(1. FFdbR=, 1h7E KJE 030051)
(2. P EFEEREE A T B, WL T 315103)

# E: BB % Al-12Zn-2.4Mg-1.2Cu (&35 %) & MTTREE, ARSI R 7 20k & M @100 mm B4 . @100 mm X
@80 mm JEAEFE A LA K 160 mm X 15 mm [IARHE o @IS RS S BB DL R S BRI T T A B ] S R A B A B 4L SR
TR VRS SR EMALUR, SR EHT, K/ 20 pm.e FEFEER SRS, LhaSREm T Rk T RIS
o kL R AR AL . AN FBT S B BFIE 7 19 b, SR IRAIEMT ol We BrIER SO BIRI AT, R R ST MR R R #
AbIE 5 B FE AR 11433 2 688 MPa. 654 MPa Fll 12%, ZhIn143Ji 25 698 MPa. 674 MPa Fl 10.5%; #AAbH 5 IR A4 1 #5743 71l 783 MPa.
748 MPa Fl 7%, #\Ir 437109 751 MPa. 719 MPa I 8%; #AbIEICAEE # B 4372 781 MPa. 735 MPa I 9%. Hi il 1 &7s, HRAf.
TCHEE I LA B A5 AR A of B2 1 W 1 4331 S IO 0 P T L VR A R I 2 DR e P W L T SR A

KA Al-12Zn-2.4Mg-1.2Cu &4 BB BOWAHZ: Ji#rkRe: Wrogs

EEM AN B NI, 55, 1982 &4, LA, Wb REpEIRI 25 T2, g KJE 030051, Hif: 0574-87918483, E-mail:
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