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Abstract

The effects of temperature and time in the two-step solution heat treatment on
the microstructure and mechanical properties of semisolid cast 7075 aluminum alloy were studied
in this research. It is found that the suitable two-step solution heat treatment of this alloy was 400
°C-8 h, and then 450 "C-4 h in which the maximum average tensile strength and percent
elongation of 448.9 MPa and 8.74%, respectively, was achieved after aging at 145 °C for 6 h. An
improvement of ductility was due to lesser formation and smaller size of brittle Mg,Si phase.

Strontium, scandium and zirconium were used to add in the GISS processed
semisolid cast 7075 aluminum alloy in order to study the feasibility in enhancing the
microstructure and mechanical properties. The proper amount of strontium and zirconium adding
to the alloy are 0.15 wt%Sr and 0.15 wt%Zr, respectively. However, both elements do not affect
much on the mechanical properties of the alloy compared to the addition of scandium at
appropriate amount, 0.20 wt%Sc. After passing T6 heat treatment, the average tensile strength
and percent elongation of 0.20 wt%Sc specimen equal to 495.37 MPa and 6.16%, respectively.
By adding to the right amount, scandium was observed to refine alpha particle size in this alloy.

When scandium was added together with strontium at the composition of 0.20
wt%Sc + 0.15 wt%Sr, the maximum average tensile strength and percent elongation of 504.67
MPa and 7.81%, respectively, were attained. This is owing to the refine particle size effect from
the addition of scandium in corporate with the decrease in both amount and size of Mg,Si phase

by adding strontium.
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Element Chemistry Data
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Mg 2.1-29
Cu 1.2=2
Cr 0.18-0.28
Fe 0.5 max
Si 0.4 max
Mn 0.3 max
Ti 0.2 max
Al Bal.
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M319N 2.5 waaanansnnee dmsulaveunazdsenn [11]

Freezing Solid-Liquid fopieal
Heat of Undercooling for
Temperature, Interfacial
Metal Fusion, AHf Homogeneous

Tm (J/cms) Energy,z i Nucleation, AT
(O J/em’) o
Ga 30 488 56x10” 76
Bi 271 543 54x10” 90
Pb 327 237 33x10” 80
Ag 962 965 126x10” 250
Cu 1085 1628 177x10” 236
Ni 1453 2756 255x10" 480
Fe 1538 1737 204x10" 420
NacCl 801 169
CsCl 645 152
H,0 0 40

2. Heterogeneous Nucleation
a 14 < a 1 [} o A 2
man1sesuvesutsluuausnanowsy nieluansouudindantdasw
) ) A dﬁl 1 R A A o Y
(Impurity Particle) 3ztnavu lunszuIUMIHaD lavy lugaaImnssy FaumsnauaIsn v

= ) Ay A Al A A A a a = a a
INIUASLIDYA (Graln Reﬁner) ATUNABDINIT Wi@NﬁQLﬂ@ﬂu@uq Wi’é)ﬂﬁl,ﬂﬂu’mall’é)ﬂimmw)

v 4 2 g "\ oA A g 9 A v A A & < .
VOV UHADHFUIUITINNUTHUD UL UAY E‘NLL‘]JEIﬂ‘]Jﬁi’)iJMﬁ1U’1]$3JﬁﬂWWL‘]JL!NQLaﬂC] (Solid

. o 1 o Y A g a 2 = Y o
Particles) aaﬂmagiuTa‘wz‘waaumamazmﬁumL‘]Jum!,ﬂaﬂﬁgﬂﬂuiwﬂﬂawzwaaumm

=) a S =)

v 4 v Y
18 Faideniinadeaiioniiin Heterogeneous Nucleation  B4tAATUI18AIINTTAALLY

4 U g = =) 1 1
Homogeneous Nucleation (He491ad09msndsnuiuillumsaiefiundeaiooniia

Y
= v o Y

Y
‘WaQQ"IHG%)"IHﬂ”lil!’JﬂaL@%uﬁ]zfl}@ﬂﬂ?"l Homogeneous 411 NFZUIUMTUISVUN VYN TUAT

q

< 9 9

' 2 o a A 4 { g 3
FEUINVWUINVABIAU0UU (0) Tumsnlasualunsaindluvewuanadien




24

Impurity
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M1 2.6 HAAIDNTHAVOITWHTUAD TV AVDIDZUITion [13]
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M3 2.10 uﬁmﬁwummiu@mmmigm ASTM [27]

Grains per Sq.In. at 100x
Grain Size No.
Mean Range
n=1 N=1 -

2 2 1.5-3
3 4 3-6
4 8 6-12
5 16 12-24
6 32 24 - 48
7 64 48 - 96
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Grains per Sq.In. at 100x
Grain Size No.
Mean Range
8 128 96 — 192
9 256 192 - 384
10 512 384 — 768
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4

M3197 2,11 1aRIAIgUIIaIUe18 (Jeffries” multiplier) £ d115U1FnUNUTN 5,000 A5, [27]

MFavene iy (@1191M) | AIPUMAIVENY (Jeffries’ multiplier) f
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F.J. Tavitas-Medrano tasaae (2008) [47] 14y1nsAny1dnInaves Mg
nazmsUsulaen srilidoauiiAdinaves Tansnauezgiitionnas 319 meldamsuiioy
9 v
Tasmsin Tanewanozgiiiioy 319 NuAvdasoUFoULAZINNFY 1INUWINNITIIMIUUR
= o 0 o o o < o !
gUNYN 150 °C, 170 °C, 190 °C, 220 °C uaz 240 °C 1JuIa1 2, 4, 6 uaz 8 ¥ 1u4 wallsngn
o A o b 3 < A Ay i A o = o . 3
M391 T6 91 155 °C iWuan 2-5 ¥ Tuwatlumsideni lidiiiesninnissi T6 11 170 °C iiluman
< 91 I =< 1 I A (o = = s 2 4
8 91114 9z Idmanunanssdazmanuudage Tavgnauindsunlaou sr vzlinledidua
o : 1 a aa < <
msgasuazanuriiengs Inmsnlasuzlivveuagmaanganeusingiiylhilwdule
= ' A = ' < = ) A 2
Favzromuanumierved Tanenay oo lsnamini Tanswan Mg doenie lulias n1s
] < o w a 1 o ' <3
ApuAUBI TUMILLLTZYNTINA MIIAY 0.4 wi%Mg Tumsuuienaziildannundans
= s A X S s3I o A o = A Y =
AAzANULAANLAIY Ao siFuamsEadazANUHEIaaad TuvazimslSunlasuy
o o A ° 3 & v < = 1
Sr 5wAU Mg Tum3ih T6 # 170 °C lunan 8 5211 vz Tdanundans iea 423 MPa an
< I 3 J @ @ o
ANNUTITIATIN 134 VHN 1lodiduan1ssad 0.98% Hagnadaiusiumsgasunsanssunn
3.887
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@anavesazgiitHen 7075 ArumsyugUspudsvedauy GIsS Tagldnszuaumsma

ANN3OU T6

Al 7075 by SSM Process

As-Cast

Solution heat treatment

400 °C for 4, 8 and 12 hr. + 450 °C for 2 and 4 hr. / 470 °C for 4 hr.

Optical Microscope Water quench Hardness Test

Aging at 145 °C for 6 hr.

Optical Microscope Water quench Hardness Test

Tensile Test

v v v
gﬂﬁ 3.1 UAAUHUMNAIAUIUADUNMIAUUUNUIVYT T UM IOV AUULUTOIVUADU
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312 @UTHAeUMIANHNIWITY MmTumInaaeslFulysaniia

a a A d' | d? d! < a A
IPINAVDIDLQUINLN 7075 ‘nwmmwugﬂgmunwmsmsmu GISS Iﬂﬂﬂﬁ!ﬂuﬁ1ﬂ!ﬂi’)

A1 7075 Volume 5 Kg

Adding St/ Sc/ Zr

Optical Microscope SSM / CLC Process Hardness Test

Solution heat treatment at 4350 °C for 4 hr.

Optical Microscope Water quench Hardness Test

Aging at 145 °C for 6 hr.

Optical Microscope Water quench Hardness Test

Tensile Test

v 9
gﬂﬁ 3.2 uﬁﬂmwuﬂmﬁmmumumiﬁnummmﬂﬁmiumimmmgﬁa

U

3.2 a@ua:qﬂnm‘fl (Material and Equipment)
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M13199 3.1 @IUHAUNIUAN (Chemical Composition) YBIDgUINEUINTA

v 9 i1 9
7075 N5 lumMInaand (% lagtimiin) SMSUNINAADUTBINIIOVAZAEADIVUADU

Concentration (wt%)

Sample
Zn Mg Cu Cr Fe Si Mn Ti

7075 51-6.11]21-29|12-2 | 0.18-0.28 | 0.5max | 0.4 max | 0.3 max | 0.2 max

Ingot 6.08 2.5 1.93 0.19 0.46 0.4 0.03 0.02

M3190 3.2 AIUHAUNMUAT (Chemical Composition) ¥DIDLQUITBNINTA

=q Y 3 o o [ A a A
7075 Wlﬂumﬁmam (%IﬂﬂuTﬁuﬂ) F1MIUNTNANDUIDINITANT LD

Concentration (wt%)

Sample
Zn Mg Cu Cr Fe Si Mn Ti

7075 51-6.11(21-29|12-2|0.18-0.28 | 0.5max | 0.4 max | 0.3 max | 0.2 max

Ingot 5.97 2.32 1.67 0.02 0.11 0.25 0.02 0.02
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¢ = o A ° o J
gunsamlFlumsvaruaud1vsundesganssan Optical Microscope (OM)
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Abstract. Effect of the two-step solution heat treatment on the microstructure of semisolid cast
7075 aluminium alloy has been studied. The microstructure of the as-cast specimens mainly
consisted of matrix-a (Al) and grain boundary (GB)-eutectic phase (u-Al + Mg(Zn,Cu,Al),). After
solution treating, coarse black particles were found to form in the single-step solution treated
specimens at the condition of 450 °C for 8 h and 480 °C for 1 h, respectively. Two-step solution
heat treatment resulted in the reduction of coarse black particle formation while maintaining the
same amount of eutectic MgZn, phase dissolution as the high temperature single-step solution
treatment. Therefore, the two-step solution heat treatment enables alloying elements dissolved into
the matrix without overheating and hence decreases coarse black particles. The optimum two-step
solution heat treatment condition derived from this study was 400 °C for 8 h + 450 °C for 4 h.

Introduction

7xxx (Al-Zn-Mg-Cu) alloys with low density and high strength properties have been widely used
for upper wing skin in aerospace industries. T6-type heat treatment process consisted of three
following steps: solution heat treatment, quenching, and artificial aging, are commonly used
industrially to improve the mechanical properties of aluminium alloys. The main purpose of
solution heat treatment is to dissolve the soluble phases and take into solid solution leading to lower
segregation. The temperature of solution heat treatment for wrought 7075 Al alloy were
recommended to be in the range of 465-490 °C. The extent of the dissolution depends on solution
heat treatment temperature and time [//. From a study by Mukhopadhyay /2/. it was found that the
maximum temperature of solution treated should not be exceeded 465 °C for as-cast 7075 Al alloy
and high 7Zn alloys, and the use of multi-step solution treatments became necessary. Since the
traditional single-step solution heat treatment always performed at high temperature and prolonging
time in order to completely dissolve a coarse eutectic phase, however, this would lead to
overheating and incipient melting of eutectic phase which would cause degradation of mechanical
properties such as tensile strength, ductility and fracture toughness. On the other hand, underheated
solution treatment could not dissolve as much soluble constituents as possible and strength values
after T6 process would then be lower than expected [3/. D.K. Xu et al. [4] reported that solution
treatment was unable to eliminate Al,Cu,Fe and Mg,Si particles. and overheated of specimen
leaded to local melting. Therefore, a solution treatment temperature was limited not to exceed the
eutectic melting temperature. K.H. Chen et al. /5] stated that the two-step solution heat treatment
with gradually increase in temperature could be used to completely dissolve constituents without
overheating. Y-L. Deng et al. [6] suggested that an optimum two-stage solution heat treatment
condition of Al 7083 was at 400 °C for 12 h + 470 °C for 12 h. It was also found that the
temperature of the multi-stage solution treatment of 7B04 high strength aluminum alloy could reach
500 °C without overheating [7]. In this study, a novel solution heat treatment procedure was

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
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proposed in supplement of the study of Mahathaninwong et al. [8]. It was reported from her work
[8] that the optimum condition for a single-step solution treatment GISS processed 7075 aluminum
alloy was at 450 °C for 4 h. The aim of this work 1s to study the effect of the two-step solution heat
treatment on the microstructure of 7075 aluminum alloy produced by GISS technique [9].

Experimental

The alloy used in this study was 7075 Al alloy preparing by GISS technique /9/. Gas bubble was
mntroduced to molten alloy at temperature of 643 °C for 7 s. The melt was then held for 30 s before
squeeze-casting at a pressure of approximately 80 MPa. Specimens obtained from the casting had
the dimensions of 10 x 10 x 1.5 em. The chemical compositions of the as-cast 7075 alloy in wt%
were Al-6.087n-2.5Mg-1.93Cu-0.46Fe-0.4S1. The as-cast specimens were treated with single-step
solution heat treatment at 450 °C for 4 and 8 h, and at 480 °C for 1 h before quenching in water at
temperature of 25 °C. While two-step solution treatment specimens were firstly heated to 400 °C for
4. 8 and 12 h and then followed by heating to 450 °C for 4 h before quenching. Artificial aging at
145 °C for 6 h was performed on the as-quenched specimens. To prepare specimens for
microstructural observation, grinding and polishing of specimens using standard method were done
before etching them with a 0.5% HF reagent. Microstructure of the as-cast and solution treated
specimens were examined utilizing the combination of optical microscopy (OM), JSM-5800LV
JEOL scanning electron microscopy (SEM) equipped with energy dispersive X-ray spectrometry
(EDS) and Bruker AXS Model D8 Discover X-ray diffraction (XRD). Tensile specimens were
machined into dumbbell shape with a gauge length of 25 mm and a diameter of 5 mm. Tension test
was performed under a strain rate of 0.001 s

Results and Discussion

Microstructure of the as-cast specimens. Microstructure of the as-cast specimen processed by
GISS technique showed globular grain structures as observed m Fig. 1(a) while Fig. 1(b) magnifies
the GB phases of this alloy. It was shown in Fig. 1(b) that GB phases comprised of large white
areas of Mg(Zn,Cu,Al), phase and elongated black areas of Mg;(AlSi) phase as indicated by SEM-
EDS point analysis result in Fig. 1(c) and Fig. 1(d), respectively. X. Fan [/0] confirmed that the
eutectic structures of 7075 aluminum alloy consisted of o-Al and MgZn;. In this study, the XRD
results as shown in Fig. 2 also indicated that the as-cast sample consisted of two main phases of a-
Al and MgZn, phases. Hence the white areas shown in Fig. 1(b) can be identified as MgZn;,.
Elongated black areas at grain boundary in Fig. 1(b) was confirmed to be Mg;Si phase by the
presence of small Mg,Si peak in the Mg,S1 phase XRD result in Fig. 2.

Mg

n, S‘{J‘En_,. . Meglig;

T T T
o Encrgy(keV) o s Energy(keV)

Fig. 1 (a)-(b) SEM micrographs of the as-cast semisolid 7075 aluminum alloy; and (¢)-(d) EDS
results from large white areas and elongated black areas. respectively [8].

126



Advanced Materials Research Vols. 488-489

Microstructure of solution treated specimen. Fig. 3 shows microstructures of the alloy after
single-step and two-step solution treatments. The evolution mechanisms of the GB phases during
solution heat treatment consist of three stages: thinning, discontinuation, and dissolution ///]. For a
single-step solution treatment, it can be seen that the remaining GB phases decreased with
increasing solutionising time as shown in Fig. 3(a)-3(b). However, prolonging solution treated time
from 4 h to 8 h at 450 °C of the single-step solution treatment resulted in an increase of unwanted
coarse black particles. These particles were also found in a sample solution treating at a high
temperature of 480 °C for only 1 h as shown in Fig. 3(c). These coarse particles were identified as

Mg, Si phase by XRD analysis in Fig. 2.

3000

[N

® MgZn,
2500 | A Mg,Si

400/12+450/4

g

400/8+450/4

Intensity (counts)
o
3

g

As-Cast

25 30 35 40 45 50 55 60 65 70 75
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Fig. 2 X-ray diffraction patterns of the as-cast and solution treated specimens (450 °C/4 h, 480 °C/1
h, 400 °C/8 h + 450 °C/4 h, and 400 °C/12 h + 450 °C/4 h).

Fig. 3 Optical micrographs of specimens after single-step and two-step solution treatment at
(2)450°C/4 h, (b) 450 °C/8 h. (c) 480 °C/1 h. (d) 400 °C/4 h + 450 °C/4 h. (e) 400 °C/8 h +

450°C/4h, and (f) 400 °C/12 h + 450 °C/4 h.
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The two-step solution heat treatment also showed the reduction of GB phase with increasing
solution treatment time as illustrated in Fig. 3(d)-3(f). The satisfied GB phase dissolution was found
in the sample under the first step solution treated at 400 °C for at least 8 h. Temperature of two-step
solution treated, when heated at 400 °C the MgZn, eutectic phase begins to dissolve mto solid
solution and if to heat high at 450 °C is carried out as close as possible to the eutectic melting
temperature in order to obtain dissolution much of the MgZn, phase remains. However for single
step-solution treated. when heated to 450 °C will cause the phase Mg:Si in small amounts as
possible and MgZn, phase not complete dissolution as observed in Fig. 3(a). XRD results in Fig. 2
indicated that the dissolution of MgZn, eutectic phase was even better in the sample applying two-
step solution treatment at 400 °C for 8 h + 450 °C for 4 h compared to that in the samples applying
single-step solution treatment at 450 °C for 4 h or 480 °C for 1 h. However, if the solution treated
time at low temperature of two-step solution treatment (400 °C for 4 h + 450 °C for 4 h) was too
short, the eutectic phase was not clearly dissolved as observed in Fig. 3(d). This would yield in
lower amount of supersaturated solid solution to form fine precipitates during aging. Thus the
density of fine precipitates in the aged specimen solution treated at 400 °C for 4 h + 450 °C for 4 h
should be lower than that of the aged specimen solution treated at 400 °C for 8 h + 450 °C for 4 h.
This results in lower strength in the former specimen as illustrated in Table 1. While prolonging
solution treatment at low temperature of two-step solution treatment (400 °C for 12 h + 450 °C for 4
h) would not further dissolve the eutectic phase as illustrated in Fig. 3(f) but it would rather increase
the amount of Mg,S1i phase which makes the specimen brittle resulting lower elongation as shown
in Table 1. It is noted also from Table 1 that elongation of the aged specimen solution treated at 450
°C for 4 h, 2.67%, was very low owing to the higher amount of Mg,Si. The tensile strength and
elongation derived from the aged specimen solution treating at the optimum condition, 400 °C for 8
h + 450 °C for 4 h were 448.90 MPa and 6%, respectively. Hence by applying the initial dissolution
temperature at the first-step of solution treatment enables a final high temperature solution
treatment to be used which enhances complete dissolution of the constituent particles without
overheating due to the increased concentration of elements dissolved into the matrix and then
decreased coarse black particles [I]. Thus enhanced solution treatment certainly enables the
improvement in yield strength, tensile strength. elongation, and fracture toughness of the alloy
[12,13].

Table 1. Tensile strength and elongation of the aged specimens at different solution treated

conditions.
Solution treated conditions | Tensile strength (MPa) Elongation (%)
450°C/4 h 483.07 2.67
400 °C/4 h+450°C/4h 408.65 5
400 °C/8 h+450°C/4h 448.90 6
400°C/12h+450°C/4 h 426.55 4

Conclusions

Microstructure of the as-cast 7075 aluminium alloy prepared by GISS technique mainly consisted
of non dendritic a-Al and grain boundary eutectic phase (u-Al + MgZn;). The optimum two-step
solution heat treatment condition of this alloy was 400 °C for 8 h + 450 °C for 4 h. Under this
condition MgZn, phase was almost completely dissolved into Al matrix while the formation of
coarse Mg,S1 was found to be minimized.
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