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The precipitation hardening of the ultra-high strength
Al-8.527Zn-1.75 Mg-2.30Cu-0.13Zr-0.06Sc alloy
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Abstract

The precipitation characteristics and mechan
-ical properties of A1-8.52Zn-1.75Mg-2.30
Cu-0.13Zr-0.06Sc(wt%) alloy after
natural aging and artificial aging were
investigated. The main residual T
phase after hot rolling was an
AlZnMgCu compound which can be
dissolved after solution treatment
while Al;Cu,Fe can not. High content of Cu
can promote the formation of the GP zones and
activates the natural aging. Besides, 1’ phase
precipitates at very early stage(lh) of the
artificial aging and shows excellent thermal
stability at 120°C that after aging for a very
long time, the alloy didn’t appear the tendency
of overaging. The tensile strength was greatly
raised from 310MPa in the hot-rolled condition
to 670 MPa in 120°C T6 temper . The strength
of the alloy after two stage and RRA temper
were very close to 120°C T6 temper, moreover,
the PFZ was broader and the m phase in the
grain boundary was coarser compared to the

120°CT6 temper, therefore, the corrosion

resistance can be raised. Whatever the aging



treatment were taken, the fractograph was
changed from ductile to brittle. the ultra- high
strength of the alloy contributed by these
precipitates were very small and dense. Some
of the precipitates in the matrix appeared round

and some appeared plate-like with habit plane

onthe {111}, .

Keywords: Ultra-high strength Al
alloys, artificial aging,
transmission electron

microscope(TEM)

1.~ ﬁ'JFél

7000 % Al-Zn-Mg-(Cu)éfi {7 £ K i 2
HYHPRCER AL - Mg dins - lﬂg‘uf[
E] Cu AR T SRR I G )
TR 2 YRR R B
BRSO IR (45T Cu RS I
T O % i i
H o T RY RS I 1-3] © — ﬂ%‘?&?@ﬁ[l ? Cu
D 31’\ dx i - 48 Al-Zn-Mg A7 A ﬁfu g
Al-Zn-Mg-(Cu) T [ EE * Eﬁ‘fﬁﬁr“'ﬁ‘*ﬁ“ﬂv
L
%@ﬁ@ﬂﬂaﬁ‘?’ﬁ’ﬁ%—» G.P.zone — (/1 7&ff) —
n(MgZn,) [4]

v IRETES * S+ B
B E\ﬂ]‘ﬁ(two stage aging) [5-8]~ [HI & ]EHJE
¥5(Retrogression and reaging treatment, RRA)
[9-12]47R) - [PEFS * = ISR o i 3
H (TR L R0 GP zone FRERITY > F |
A R -

R SRS -

St
1=

s l%%@iﬂj T F PR AR (R
7 RUEEFS (T6) » 4 200-280°C 1 [H]
R RO EEED - @Iﬁn it P ARED GP zone
BEGELD AL AT

L T6 RRE o (LR il AT £ ff

FPRAIERERE T6 < I » 440" T6 gt
o e -
AP PR S TR B ALZn-

Mg-Cu F[V;:pm %%@'b&ﬁ‘ﬁfﬁm& ;
HBIRE B~ AT IR
TRy -

2~ R
2.1 MRIHERECE

& FER S5 I BEATR L AL-Zn-Mg-Cu
L\Sﬁ?ﬁlﬁ > B3 5T Y1 Table.1 71 o SR HIHT
EEE % 2mm i 0 5% 470°C x1.5h Eﬁ'jﬁ&*@% ’
AT ES AU IR 120 ~ 140
160°C ~ 7 35 Pt o S5 5 TR
(Two step aging) » [FilfEF ] ﬁﬁ(Retrogresswn
and reaging, RRA)&ZE! > ') }%krﬁ Tl ?J}'”Wmi‘
HRE R RIL AR » S XRD ~
RIpEEI I T(DSC)  ~ B3R i R
(TEM)BT’F]‘TFC“ F‘%4 HIPESA(SEM) B - E‘IFHJ;
Forg I T 1 fIE- -

2.2 ﬁ*ﬁIW(OM)bﬁﬁ, P Rt
(SEM) #i%

OM @fﬁf‘w@wﬁ'fﬁ%’i%kﬁ > DA
= 2000 %> F|(~7-I'] Tum > 0.3um * 0.05um
FOE [HPFIK » BT Keller's (53
£5 1mlHF+1.5mIHCl+ 2.5mIHNO;+95mlH,0)
’Ff@@'ﬁ F o I') Nikon Sk S8Rl e £ 2

RRA fLf't Cina #{! Ranish #° 1974 & . A7 o ™ I'] Philips XL-30 FJ#F'}J”FL ?tTEJ e
Table. 1. The chemical composition of the studied alloy( wt%)
Zn Mg Cu Fe Mn Ti Si Zr Sc Cr Al
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Fig.1. The schematic illustration of the heat

treatment processing: (a)single stage aging;

(b)two-stage aging; (c)RRA
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Fig.2. The schematic diagram of the tensile

specimen
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Fig.3. The OM microstructure of rolling surface
after solution heat treatment at 470°C for 1.5h.

5'54(a)[]*?ﬁ't (= HEWTINET™ 1 SEM F'J'
[HhisiEn l‘%%(BSI) A% EDS 537 BTz
= El’j%‘jﬂﬁlt Al-Zn-Mg-Cu [~ ’—‘#”J » R {75
FSIST TSR Cu 12-21 at% ~ Zn23-44 at % ~
Mg26-32 at% - H &L Al > b 5L Jﬂﬁﬁm
Al-Zn-Mg-Cu-Fe RF1H1 » P4 87 917 7 b
B oo 57 4(b)ﬁ%‘ﬂﬁ7;‘i SVHAE 470°C/1.5h !
??‘[E‘E«i' s VAt %?ﬁ'ﬁ@ﬁ‘ PHEER: D o L
BEIEEH AL-Zn- Mg-Cu SRV %) 02 143
Al,Cu,Fe » [] IEJ%“;IHEIﬁ, .El;’%EﬂJ‘ 15N Ee*J- ¥
REZI(U 480°C /18h) > Al CuFe {55 3 5% 1
?ﬁ‘ri‘u.ri' FL[H'EU*'?[ [ Yanxia et al[13]fvj
FERG NIRRT ETIE T 0 2
iQ?J HLF Al,Cu,Fe 7]2‘?{@ T fﬂ’lj“ng’"éjﬁjy"[)
#1157 AL-Zn-Mg-Cu-Fe BIRFHI - [ 5015

Al-Zn-Mg-Cu #5557 > [fi] Yanxia et al (V42
fF']H ’I‘k‘ﬁ[i 55 Al;Cu,Fe F’Tﬁ&' * Al-Zn-Mg-Cu'j&
‘F%,’?FEIHI s A= Eﬁ'iﬁ?}’_ﬁ' % o IS Al-Zn-Mg
-Cu (* F’—‘[f}*’lﬂéiﬁfﬁfé Al;CuFe 7} [ Al 5L
3o pI9TTE 480°C/18h SIS A FrEp
T H R 5 Elfisﬁfi;’}‘ WA 5 [fy &Yy
FLGHFH AR, o [NIF=EE 470°C /1.5h fig 1l
H UL -

3.2. F¥STRVE st
32.1 IR »HIH

Fli= s plast- Ao BTSRRI ilias
Af R IR S LIS S
SRR ATAERRE - iy ﬁi[ﬁﬁ'?f“&“ni‘
EENEE R %’75@% JIEI’FI PPIEHTRS R A)
({1 = S000NRI"E [y 3 Lo o F=9F > 120°C 3
TR 647 [ 2 7 AR 3 1 R
fifi 38 A = ’il’éﬁﬂq\ﬂ%&*ﬁ’r f‘—’{lygu
T T B A lﬂL;Al-ZH-Mgf BT
120°C 2 LI I Bl AR RS
[ AHE=[14] Fﬁéﬁﬁf‘fﬁ ﬁ'?fﬁl% f Jﬁ*%‘it
[ < K140 35> 5971 48| B Z L 35 »
[l = 100-] [ PRI ff ) € et ™ i o Al
i MR ’?’L*lﬂfi‘{ilﬁwwﬁﬁ\% ° T Ry IE
160 CE*J}'”SF’ 127) EJJ“J[ rﬂ%]ﬂ*ﬁ% Vi
TR o R RS [ = [N fhiE "Iﬁﬁﬁi“
AR Z5 M HERT > Cufifop o g (|
GP zoneV “t 5 5 [l1120°C#H1140C * Eﬂj‘f’?f\?‘
F'r"“JFI‘J‘WE'I'f,EJﬁfE'IEJCIfTE‘E” IEIFI = Ve
A AR SR EE A -

3.2.2.@%&&5?’#@%(TWO stage aging)

FIO [gfl ™ i 2 Aol ',ff’;l——ﬁ W
R PRI R T S g
100°C (W31 ™ 3% 15 oI 5 » L % Sgfiiodn
L F1F8150 CEﬂj}“;’gWT IR @Fﬂm&
WRBFAG (7 1 £ HE R P
Ry fe = ff I5‘§4(b)q&1'“’ﬁ F AR ITISOCIET 5T



PTG R s 8 i 2L bl 35 52 R0 i
AI20CTOHEIH{ 91 > 454 120C ToRIE T -
ufiopE T -

3.2.3. [l F B 355 (RRA)

7000751 74 £ FET6 LA Br L f{bf
RS - R e s
[ o B oo AR ORI e R T
VST I R (TT3) S R PR s

TR > SR AR (R S TerRR
N JERATI0~15% VI, o I 5T 25

EsfFItzl » S Y AR I;@r?;ﬁ%}? Y

B 5 fiERLIE Jﬁﬂjfﬁﬁ%(Retrogression and
Reaging, RRA) - RRAZVEETF LUK AT 7 T6
E\ﬂj}"”f&iﬁ %0 A F&:&,‘f&ﬁ;ﬂﬂQOOQSO"C)
p%ﬁjﬁﬁf&? R R B «‘WfEWFIJT6
R R = LR M7 SR R e i

| R AREAYE [ HHGP zones My’ TE'[H[?E‘{U
Sl SR OB R R o T
PRI T O #a R » i i BLE pl L e i o
gF*{ [=4f1 ;.Hulgla WT@&%’EJHE » 1£75200C
I T B R e S R R
(120°C/64h ) » Y15VA(C) e 2| Fosdi U B 5
200°C/5mins 7% RV IRI [ HGRTOHIA

Elem. Al Zn Mg Cu
at% | 264 | 278 | 32.0 | 138

AlsMg33Zn37Cuy;

o
-

Elem. Al Cu Fe

ata | 708 | 172 ] 12.0

Al;,Cu,Fe

-
2

Elstn. Al Cn Fa

st | V0L | 182 | 11.5

A17Cu2Fe

Fe cu
A A

Fig.4. SEM back scattering images after (a)400°C hot rolling, (b) 470 °C /1.5hand (c¢) 480°C/18h

solution treatments; (d), (e) and (f) are the corresponding EDS analysis of residual phase in the matrix,

respectively.
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Table.2. The list of the heat treatment condition

of each aging treatment.

Aging treatment Condition
120°CT6 120°C/64h
140°CT6 140°C/48h
160°CT6 160°C/12h
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Fig.6. The XRD results of the studied alloy: (a) 400°C hot rolling; (b) 470°C /1.5h solution treatment;
(c) 120°C /64h(T6) and (d) 160 “C /90h(T7) artificial aging.
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Fig.7. The DSC analysis results of: (a) solution treatment and 20days natural aging; (b) 120°C,
(¢)140°C and (d)160°C articficial aging; (e) two stage; (f) RRA.

8



3-5 RYFSHH BT I ([ SRRy
L

YRR - - B o
stage ~ RRA® T7HEE TV # ({igkEgadi o 3%
120°C TOEER) o 1 38 PR 2
310MPa [t =670M Pa » /% A 3fi#|
= ['ﬁ"lf D Pl B S TR H
P4 IR T G00MPa | b o {E R TOME )
e I’F[[:%Z*‘ﬁ[ﬁ (=0 F/—\I:[%?; two stage * RRA
RCE i VR TSRS T 1 120C ) Teg
670MPa > §F‘;@Ti’ﬁ ) #,’9"4*_ F’—}%Fﬁ’;ﬂ Itwo stage
R EECE ] e ) e RRAT U
ST TELET Iy T = A (IR VR (5o A i1
[ PRI o = RN - S e e
GEVEE A [ Ut o

719 I E@ﬁﬁ’:‘fﬁf%kﬁ EEE IR
Y SEM fﬁﬁ:?rflﬁjﬁ? ’ Efﬁﬂﬁ%rj (dimple ) ;%
R PELRERPRRA I o SR
@j’m"ﬁjuﬁ%ﬁﬁlﬁ’a ' A2 EDS 53 AFTRUSH
1K AIZaMgCu [~ FPHRFTH - [
5F*,”I‘E'FI‘ T%ﬁﬁ%iﬂ %Q?@?FZ[EI‘J?B%

5510%'%?,@@}@120%T6 - two stage *
RRAWTT.V {05 £ f{ il 4
LA Y 1T (shear) LT = > JfIRLTT
QR (RGEE T PR L= Ty EEREVE N T6RL -
LI o HREE e (S
4500 LRI T 2 RIS P Ao
?ﬁ”f’»éﬂﬁf ) éﬂi‘ﬁ]ﬁfj‘m{lll}<1lo> s ELEhAS
AR {0 A5 135 1 H A Bk
AT A ) l’jﬁiﬁkj\ .3
£ F‘J‘Jéﬁ%ﬁjf}ﬂgﬂ/ﬁ& o bt BAFIE S
- %’!f%’!ﬂ'ﬁjﬂk(dimple)ﬁi'?@&& » FZEDS 3
FRHH A SERLEEL ] DR AL CusFesfi b ZI5esb
o

3-6 TEMEARGE e
3-6-1 i RERGE BE
SV H5 71 & A2 IR SSOCEL 0 fhiv

800 —=—UTS
7504 —=—YS

700 —— i
.y uTS Elongation

600
550 4
500 4
450 4
400 4
3504
3004
2504
2004
1504

MPa

YS

@

A EL (]

o
[—
[E—

Elongation(%)

HR -
120°CT6
140°CTS6 -
160°CT6
Two stage -
RRA -

T7

Fig.8. The tensile testing results after hot
rolling, T6 treatment at different temperature
(120°C /64h, 140°C /48h, 160°C /12h), two stage
aging, RRA and T7.

Fig.9. The SEM fractograph: (a) after hot rolling;

(b) the corresponding local area with higher

magnification



Fig. 10. SEM fractograph after various tempers: (a)120°CT6 treatment, (b)two stage, (C)RRA,

(dDT7; (e),(),(g), (h) the corresponding local area with higher magnification, respectively.
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Fig.12. TEM micrograph after two stage aging: (a) [1 1 0] zone bright-field image, (b) [i 12] zone
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Table3. The size(nm)

PFZ after different aging treatments.

comparison of the matrix precipitates ~ grain boundary precipitates and

(Unit:nm) T6 2stage RRA T7
wxl  (MP) ~16 ~29 ~1x8 ~36
drouna (MP) ~3 ~5 ~4 ~12
GBP 8 18 18 24
PFZ 17-19 20-28 19-22 30-46

wx| : width x length of the plate-like precipitate

droung: the average diameter of the round precipitates

MP: the matrix precipitate

GBP: the grain boundary precipitate

PFZ: the precipitation free zone
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