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Abstract
The objective of this study is to find the suitable
heat-treatment processes for medium-high strength
AA7003 aluminum alloy, and to investigate the effects of
Zn, Mg and Mn content on the heat treatment processes.
Hardness test, tensile electrical

test, conductivity

measurement, transmission electron microscopy and
stress corrosion test were conducted to seek for the most
proper combinations of process parameters for the T6,
T73 and RRA processes of AA7003 aluminum alloy.

The most suitable process parameters for T6 temper
are 470°C/40min.+80°C/14hr.+120°C/42hr. ; for T73
temper are 470°C /40min.+80°C/14hr.+107°C /8hr. +168°C

/7hr. ;  and for RRA are T6+180°C /8min.+120°C /42hr.
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Analyses showed that both low Mn content and high
Zn/Mg ratio can improve the aging efficiency of
aluminum alloy and shorten the process time required for

T6, T73 and RRA processes. The effect produced by

low Mn content is more potent than high Zn/Mg ratio.

Keywords : AA7003, aluminum alloy, T6, T73, RRA.

i

g&ﬁf/plﬁ”;ﬁ%%f Fﬂﬁ@ﬁ KEE lL;‘H u[m]”IT
it E’L'?ﬁl‘y’lﬁﬁ rirElﬁﬁle*ugﬁ ﬁiﬁmjﬂﬁ (¥ e
AA7000 %ﬁﬂﬂﬁﬁﬁﬁﬁéﬁElflfri&ifﬁ”‘ﬂéﬁﬁéﬁ » 7000 =
SH i S AR AR o IR S AT
il ‘li‘?}ﬁjﬂﬁ PR ~ s B VR o s e
TEFLESROTE (Al

7000 I RT3 5 Zn ~ Mg » REFFE
S E AT MgZing dSF@FTRIAORSIRIEET o S Sk i
ﬁpﬁa’ﬁ@gﬂﬁ & RS ETC! s jeEE ﬁf\f{lﬁ{%ﬂ‘ MgZn,
ﬁtﬁ%ﬁjﬂﬁ@%{%ﬁ&@ (ol ?JEI'FI‘}’%'%‘ R
I'l AA7003 éﬁf’}ﬁi ELES! *}{ﬁj’éﬁ e =2 AAT005
f:ﬂf[é? VBRI B i ﬂ?"fﬁ f, £k

F' SEEIH Ty 9F4@QF5”§7VL‘ T e R

@TH‘JE%%% DA IHF R ”J‘f“%%lgjfﬁﬁwgr

2. FREE
2.1 BEATR

ZIETJIZ[“ e P PR £ Smm RIS AA7003 %E SEE
BIft - It J (ZErS \T’?lﬁa (EPMA- WDS) EERS T
1



fﬁ'mgﬁ@@/g GEEZ£2C) [IEES 5 IR

FUWNET 5 T SRR (R E2C)
[ » By ALY St L -
2.3 ﬁil’v‘]'[‘fk’???ﬁ'ﬂ:

TR L ¢ »‘fﬁ‘nH LRIV A 800 BRI AT

e PRAZRE (HRB) WAL - A VIRVE 7
TV R > SRR O S > TV = R

T BT R AR VR -
£ HRRIES - RASE &@EJAMOO%F &5

ﬁ‘“’%ﬂ?wri%’ [epzadilsae; ’IEI“]F RS T
(RRIRE - S R T ({9 (UTS) fif -
R PR [ ASTM BS57I7 RS 84 (Sub-size
specimen ) VHJdi -

B RS R PRRA, A Ak
"% 800 4% F|I') HOCKING Locator 28 B " £
BN SEL F AR (58.14 MS/m) OB il - AT
BV RIS A TACS% (International
TR NHIEE £

Annealing Copper Standard ) e » 33
27.6~47.5%IACS -

T AIRIRS + (7 MBTASTM GO R
FUEL 127 mmx25 mmx5.8 mm > 127mm V H [F[Jj‘ =L

(longi) [fi| » X2 Three-Point Loaded bent-beam

Table.1 Compositions of AA7003 (wt9%)

JUREIRRIES (91 Fig.1 97 ) - Table.3 7 £ |
MRV BURIEIF A > = R DB R 220 (1) 457
FTotpE A o > BTGP £ MPa -

c=6Ety /H*
ELFI e BB B8 (mm) H DR F R BB mm )

b}?ﬁ?[lﬁ'ﬁ*“ (mm) ; E £3gi{EA8iEe (71.0GPa) -
H

—d

oD

Fig.1 Configuration for Three-Point Loaded
Bent-beam SCC test
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Compositions Fe Si Mg Mn Cr Zn Zr Ti Cu Al
. ) 0.35- | 03- | 1.00- | 03- | 0.20- | 6.50- | 0.05- | 0.20- | 0.20- | REM.
Specification
MAX. | MAX. 0.5 MAX. | MAX. | 5.00 0.25 | MAX. | MAX.

Actual value 0.17 0.13 0.77 0.2 0.09 6.42 0.12 0.02 0.05 | REM.
B Table.3 Conditions for stress corrosion test
Code Name Heat treatment process

Solid Solution (SS) 470°C /40min. Test liquid | 6.0%NaCl (+0.1% ) and
composition 94.09% water
T6 +WQ+ 80°C/14hr. +Artificial Aging
0 Test liquid PH | PH6.4~7.2,Use HCl or
(AA) 120°C/42hr. value NaOH to adjust
SS470°C /40min+WQ+ 80°C/14hr. + . .
T73 AA107°C /8hr+168°C /7hr. Soaked form Continuously soaking
Soaked form 20 mL/in” at least

RRA T6+Retrogress at 180°C/8mun.

0 Temperature Keep boilin
(180C) |[+AA120°C/42hr. L L=
$2F % 8 F
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Fig.2 Aging time vs Hardness curve for AA7003 after
470°C /40min.+80°C /14hr.
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Fig.3. Aging time vs tensile strength curve for

AA7003 after 470°C /40min.+80°C /14hr.
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Fig.4 Relationship between tensile stress and hardness

for AA7003
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Fig.5 Relationship of hardness and conductivity vs.
aging time for AA7003 at 168°C after 470°C /40min.

+80°C/14hr.+107°C/8hr.
= 8 F



3.3 RRA #[#

RRA EE I 1T [ £ 21 F ) T6 9% 13T
e T73 pfg Ui JF, @”f} ¢’T‘Jz j}{ﬁ’L[%”?} T6
BIFAY AAT003 QF 5 & 30 4555 180 °CEﬁFé%J TE
VAR B3 B S (120 C/42he yEVE
e AT RS A R ] VF‘%I,T?DFlgGFFﬁ o Avas
[~ 8 ST [ i kL T6 J@fi@%ﬁ?(HRB 73) 0 &
’5[ AL [TRTHIRS 10 53 SR > L RRA A ViR il (HRB

If RRA BRI S8 B yposevs, - 551 fpIg 7 73
HRB I'J = 2% iy J@%%EIU%%‘H (180°C/8 min -
73 HRB > 39.7%IACS ) » 3217 | i8R » By -
EE[F i o

e | IZRERAT U1 Table.4 B > ¥ 7ok 9t
e TR LR A I U 80% [ » AAT003 5 T6 ]
R PEIOR,  H GUREL R IRA > 75 49
T T73 SR S PG 168 ) B2 i & Jiat

72) HEE R T6 9 ARYE » PP 180°C RRA - » BV 5% RRA BV pl i - H s JJT;@ ME=32 T73 3
FECELV SR 8 5T RIHIE Y %%ﬁ'ﬁ, (5850 168 [ W VRS =4 @t i
T6+180°C /8min.+120°C /42hr. » EZRE) o
AAT003 AL "= F Eﬁﬁﬁ;ﬁi’ % V@%@%[’“’EH
B 1 Fig7 o WERRENETT » R AR
F IR IR [T PN = Wallace 57 * (]
ORI A - wwrzmmzsﬁlfmméwﬁg@x
l*%‘{ﬁﬂ sl (= g R AT [ ST o 4 R B
Table4. Crack Initiation Time for SCC Test
H.T. Specimen | Hardness Apply Deflection PH Fracture
process Thickness | (HRB) Load (mm) Initiation
(mm) (MPa) Time (hr)
T6 53 73 80% | 350 1.6 6.8 49
T73 4.7 62 80% | 300 1.55 6.8 X
RRA 45 72 80% | 345 1.85 6.8 X
Note : x : no crack occurs after 168 hours
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Fig.6 Retrogression and RRA hardness curves as a function

of retrogression time for AA7003 retrogressed at 180°C

Fig.7 Retrogression and RRA conductivity curves as a
function of retrogression time for AA7003

retrogressed at 180°C
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Table.5 The tension testing of AA7003

AAT003 244 55

Heat treat | UTS(MPa) | Elongation(%6)
T6 430~450 17
T73 375 24
RRA ~ 440 21

s Gage length : 25.00 mm
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