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Abstract

In this paper, Al-5Zn-2.6Mg alloy with 0.24 wt.% - 0.91 wt.% Cu content was studied. The effect of
Cu content on the 7' phase in grain was characterized by transmission electron microscopy (TEM).
The size and distribution of the impurity coarse second phase were characterized by scanning
electron microscopy (SEM). The age hardening curves at 105°C, 120°C and 135°C showed that with
the increase of Cu content, the peak aging time was advanced. The precipitation rate and activa-
tion energy at three aging temperatures were calculated by Arrhenius equation. The results showed
that the aging reaction rate k increases with the increase of Cu content from 0.24% to 0.91%, and
the precipitation activation energy E, decreases from 25.7 k] to 15.0 kJ. The influence of Cu con-
tent on the strength and toughness was studied by room temperature tensile test and fracture
analysis by SEM. With the increase of Cu content, the distribution density of precipitates increases
obviously. Therefore, the tensile strength of peak aging at 120°C is increased by 10.2%. However,
the size and number of the coarse impurity second phase are also increased, which increases the
tendency of crack initiation and propagation at the grain boundary, resulting in the decrease of
dimple areas. The fracture morphology transforms from the plastic trans-granular fracture to
brittle intergranular fracture, and the elongation of the alloy decreases by 3.8%.

Keywords

Al-Zn-Mg-Cu Aluminum Alloy, Precipitation Kinetics, Mechanical Properties, Microstructures

CuEEXAI-5Zn-2.6Mg-xCu&d &L FTERER
A0

HASHEL2, SRiE M2, PR, @E RS

SCEGH: i, Mgk, Fhow, HEE. Cu & Al-5Zn-2.6Mg-xCu & & ALURITERE IR ). FEVEFE, 2020,
10(4): 238-247. DOI: 10.12677/ms.2020.104029


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2020.104029
https://doi.org/10.12677/ms.2020.104029
http://www.hanspub.org

i 2%

SRR ARLRL S S TR, Wi KD
2eh KA (G R S SRR S RS G, W K
ShZEF BN EEMRBARAR, LR Fi&

Email: xiaobinguo@csu.edu.com

Weks H i 20204E3H31H; A HN: 20204F4H15H; &4 H: 20204F4H22H

H E

A PATRIN0.24 wt.%~0.91 wt.% Cud B HIAI-5Zn-2.6Mg &S A RAN R, Bt ES B (TEM)EE T
Cud BT H I H IR, it iaH s (SEM)RAE T & RS MR~ 549; 105°C, 120CH
135 C FHIRRIEL R SRR, BEECuSEMB N, R ERAT. #BArrhenius 5 FEHHE
T =FETR0EE T T IR R ABER, THEERERH, EECUEEMN0.24%ENE0.91%, BFRRMN
HRKINR, HiTHBIEREM25.7 KIFEEE15.0 k], B =ERA. FFAEHR O AET Cud &
X ORI R AR . FEE Cu S BRI, STHAHSMEFHEM M. Eik, 120°C FIEEER 3K
PN RERE10.2%; BR, HAREE BRI E LS, REDHEEPRAUNIPFHERE
mAy BRI R, SBUEHERD>, BOESRNEERTF RNETERERRER, A&EMm
HR%3.8%.
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1. 518

Al-Zn-Mg & & LUBREE =y, RAF I IR USRS IR e B M R 05, RS LR S VRZE SR UM KL
SRS AT B> 2 A RHL] [2] [3]. Al-Zn-Mg & & 7RI (E I ZOIRES S BA 1m0 8 iU, #E
LENWH[4], &R Cu JTE I BEEHE = e FAR I B, A PHAR VA AR 3 3R RS JES iy Je il
FEA%, & Cu {2t ALCuMg MR B n,  FRAG s EfE . R, 4% Cu & &XT Al-Zn-Mg &
EAINES S CR oy | X R S = A L

HAT, Z&ESENTRCE A S, ISP —8Ch: FEARSSS)—GP X (Mg, Zn)—y'HH—y
FH(MZny), Horb ' WARAR Y B s A [5]. SHEAH A, AR TS A7, R
YIAE SN AN TR A . RS BT i, i etk fg . fEDMERIRE TS, WX, Shu 28 N R 3
&R Cu tEWt% > LO)MIIAL Mg o —FE#SRRIS N A B35 B2, R0 ) PR AR 4 s i 559 [6] . 1
MALI5 T, TSR NAEHEAT 140°C N T RO R & B Cu TG 2 HI3S I GES% g S R I R, 24
Cu BBy, AR B IRAH BEE 1R A ik I AR AE 25 & Stk NI 2O B[ 7]. N.Q. Chinh 28 A\ — &
I Cu BB GP X B TEARFIL A 7y, FAR R KOG RUE F1E GP X ITE BB H e Jo B2 2
AR (8] MMTHIZh 124 A b, AL Khalfallah 25 GB35 Al-Zn-Mg-Cu &4 GP X, n'tH K 5
FHEIHT HBE REAN Avrami % n 8, KIL GP XJE M Zn F1 Mg J& F TR AT, # WARAHIEE S 4
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R B T T T R A s il [9] . BT 55 AR ZE ] iTisk Li X 7075 S84 & H AR5 ) k47
W, KU Li FEAEW GP XA, (HR 3885 o MBS AR EERE[10]. S. Esmaeili #1181 B JAI 24FE B2
AN TF) ) G 7 N T B 280 78 o [ s A HE R0 A RR VA 1) 30 0 0 R, SR ¥ 3 ) Y 5 Bl T R )
AABL1L it AR SR FERRIA S5 A, T SRR 350 & AT B4R AT A [ 1]

Hl, EENKPTEH, Cu R EDEE 0 wi%~1.0 wit% it [ J x5t Al-Zn-Mg & 41 RERI 2
i, FXHTH B E S E R AT . ARGl AE Cu F & Al-Zn-Mg & 4215 M RE
(PRI T, (o8] B LA AN [R) R 250 A B B S PR N 2R A AT A, Idh — 20 (1) RAE L 7E VA (L P 35T H DA% 7 2%
P RE 7 THI ) 22 5 1

2. EWMMERTTE

SLIGAELA 3 Bl Cu T BEAFR Al-Zn-Mg-Cu &4, s 1 R, KRN 25 mm [1)J7 Wi
TE 420°C FHELZE 3.5 mm J5, 7 470°C NREIAAE 1 h, SZEIFEEE F/KE, EEedir N TR a3 .

BT Cu B X I BT I FE IS, SEERIEFRAE 105°C . 120°C. 135°C =Fiif RRE T it4T, &
1 /NBHAEFH HV-10B 89 2 [ T H IR LA 32, 5 IR A ACECT I ARLAE Ay o 240 AL AR e AR A T 2%

>KH] DDL-100 %! 5 g T Be Lk AT = iRk, REFRIES 25 mm, HidE Ay 2 mmimin. 7E
ZEISS EVOMAL0 A% s TR H B SO AU 225 46 ND-RD [, kRO H b 3R K H
FEI TECNAI G220 7437 i Fi -1~ AU 0t o A 38 R & SR HH T SEA T WL 4085, s /L > 200 KV

Table 1. Chemical compositions of Al-5Zn-2.6Mg-xCu aluminum alloy (Mass fraction, %)
2 1. Al-5Zn-2.6Mg-xCu & & F R4 (wt. %)

Alloy zn Mg Cu Fe Si Cr Al
A 5.05 2.64 0.24 0.02 0.02 0.40 Bal.
B 5.09 2.63 0.43 0.02 0.04 0.38 Bal.
C 5.03 2.65 0.91 0.02 0.02 0.41 Bal.

3. ER57vHe
3.1. Cu M EMA LN

1FRN AL By C A& BTG SEM 44T 455, =R & 4 s LI 1 658 — A
KT, Gh4r7 2 REEAMTAT &N, JLIE A Cr (19 AIZaMgCUCr #i, H A &4 RiF I Cu o &K, C
R R — SRR T, A Image 3 BEE TS DR T IR M R RST, T A A e A 0.27%
B A, B A4 &H 054%, C A&, B35 0.91%.A &4 F5E M TR~ 10.2 um,
i B. C &4 BT R R HRR, N 15~16 pm, ZHNARFERAK, 40 7 um, FBHE
S NIRRT FEG: SR — B [12].

3.2. Cu W& EFELAIF g

AN 28 BE AN ()5 AL By C &4 AR s 2 fioc. A. By C A&&EELI)S,
o FCIERE 43 7304 87.5. 88.8 A1 91.8 HV. [ A i i (Rl 3 0, & 4 FIAM R S Py Kkads, bEs
Vg LT, ORI E PR, 7F 105CHRAGRE R, AL By C &4 R4 37, 34 1 30 h RIAWAE KL,
SRRy 164.2, 1705, 176.2 HV; 6 A 120°CH, =Fa44rBIFERT 7 3. 4. 4 h ZITKUE(E N 2%,
AR REFR T 1 5.3, 1.7 A1 3.8 HV; 24iE/E A 135°CHY, AL B. C &4 ik 045 I 1) B8 2 23 B4R AT 1 11,
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13. 14 h, SRIVEAEAE RS 4> WA T 3.94 5.64 3.8HV. T UL, X TA—4&4, 4G s (A ) 42
A, AESR I E AR A A T R %, 0T Cu S &I S, C & 4 Bk i 250 (e e 1a) e e ELAE ey, Lk
B a4, 1A S HAE R R,

Figure 1. SEM images of Al-5Zn-2.6Mg-xCu alloys with different Cu contents: (a) 0.24%,; (b) 0.43%; (c) 0.91%
1. A[E Cu &2/ Al-5Zn-2.6Mg-xCu &4 #J SEM £B41: (a) 0.24%; (b) 0.43%; (c) 0.91%

Table 2. Chemical composition of coarse secondary phase in Al-5Zn-2.6Mg-xCu alloys (at. %)
%2 2. AI-5Zn-2.6Mg-xCu & & FHABE-HHNUERS(BEFE D)

Alloy Zn Mg Cu Cr Al
A 4.36 10.75 0.32 7.10 77.48
B 4.78 11.76 0.73 8.15 74.58
C 4.00 9.98 1.16 6.26 78.60
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Figure 2. Age hardening curve of Al-5Zn-2.6Mg-xCu alloy at different temperatures: (a) 0.24%; (b) 0.43%; (c) 0.91%

E 2. & FERETH Al-5Zn-2.6Mg-xCu & &I SEELrZE: (a) 0.24%; (b) 0.43%; (c) 0.91%
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3.3. Cu e & mATH RN

RIH Cu & & =R A4 7E 120 CIEMER 201 TEM 81358 B LB 5 anlsl 3 fizn . £E[110] 6 b7 it
BE 5, W RVE {111} 7 RIAEAE TS 4 40, [EIIAE{220} J5 1A1 /1) /3 AT 2/3 AbFEAEATST BE 55, 83T W.X. Shu
FIRFEFE AT 500, ' MAAFAE T ULR B (6] I BHIZAR B AT 0L, 52 DB 0 Aef P (BT HH AR 2 A AN 5 [ otk
PR BRI ZSHT o HE G, A rb i PO HV 35 1 9 9.2 x 103N um?, B 4 T H1 % 5 9 14.8 x 1034y /um?,

C &GN 17.6 x 103 M/um?. S5 BRI, Cu MIIINIEEE T n AR I RO A2 T

Figure 3. TEM images of Al-5Zn-2.6Mg-xCu alloys with different Cu contents at 120°C peak aging: (a) Alloy A after aging
for 34 h at 120°C; (b) Alloy B after aging for 30 h at 120°C; (c) Alloy C after aging for 26 h at 120°C

3. A[E Cu &2/ Al-5Zn-2.6Mg-xCu & &7 120 CIEEIRESTH TEM E: (a) A BE&RIR 120°C/34h; () B &
£ B33 120°C/30h; (c) C A &AI% 120°C/26h

Figure 4. TEM images of C alloys at peak aging with different temperature: (a) 105°C/37h; (b) 120°C/26h; (c) 135°C/18h
4. C AL EARERHEE T TEM Elf§: (a) 105°C/37h; (b) 120°C/26h; (c) 135°C/18h
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C A& AR MR TEM BIpE KB Sl 4 Bros, fE 105°C K 120 CIEER ZCORE TR,
HEEL AT, Pt ES B8 10.2 x 10° Mum?, F114.8 x 10° AN /um?, R~FEFRAPE. 4 CH
&2 135 CURME I AL FE S5, I s PO HEAR DL AR p MRS, MR HE 62 N 8.7 x 108 N um?, o A
BN 1.7 x 103 ANum?, LA EAE 120°C i fr i kb Ak R i foc

34. EERMTHINFRNITE

I RUCRE BE )3, AR RN R GORAH I R I . B i FE T, BT R TR, A ZERE
DRI S, GP XA p A BT ORI A8, JEAS R BARFE AR AR . BRI, Kok AT Hh 2%
AR 8 5 e R [ AR ) PR SV R TV B A R [6] [13] [14] 24 RG BERE S, ik A Ans B R 1
TEVESE T, SN SRR, B SO R b I AR s R AT R PR30 R A R IR BERRAIG, BT
I ARG, {5 I R AR A AT 2% . Cu e R TR RE e I ORI 5 FL V(B ) 54
BE. AT Cu JCRME XA 3y s, Q) s ATERERE T, — MBI RN
TR HEAE ) Arrhenius 7 FE[11]:

k = Ae B/RT (1)

B PO Bdn 22 2 (2) s -

MWF—E+WM O]

b, kR SEEAARH RDEREH, A ERATH T, 2(F & Arrhenius W4, E. NI
TRE, AN ) EE K, R ONSURH L.
M5 Arrhenius 7R AT &, In(K) R T RS EE, Huik2 IR BBOE RE Ea AT DAZ @) IR #ET E X

Eaz—R{%%gggl ®)

FEAIR R A S AU B AR, A SR IN RUR NS R R VR IR TR OV R . B ERAS A
ST RHESFIRIN RN O A0 BE Ear ZESEHRINRNEE R AL S, Esmaeili 58 NAN[LL], XFF3HL
P ) AT A SRR R K5 0 T ¢ 5% 5 R 2 2 A 3K (4)

f=1-exp(-kt") 4
A, n B2SETEMXHTEE, ERZHEIEN T, RS E, B DI E A 205 S I E i,
WRERE, MR E 4 U [15], H e SR AK(5):

H, —Hy
H oo —H

peak — ' lag

f= )

A, H N EHTEEEE: Haq 2V JCRES TR Hoea A& B <0 NI AW B I RUCRE BE M 1] 2 P
71~ RIS 28R 2 B e A K (B) AT I, Al 5 FiroR =FAN [ Cu & & Al-Zn-Mg & e EAN A IR 2504 35
THHMTIE ISR, & 3 AN BAC BN B /207 R . A AR e AN ]I RIGIELFEE v 1 S 7 T
BOKAHAR . X F R aaims, kR RGRE R T mmEn, Fr, XFE-HRET, G485 Cu i
B, SN A H HL kOB
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Figure 5. Relation between hardness change and aging time of Al-5Zn-2.6Mg-xCu alloy at different temperatures: (a) 0.24%;
(b) 0.43%; (c) 0.91%
5. I[E Cu 2 EMBTPERE T Al-5Zn-2.6Mg-xCu & &1 E T SETHATEIAY X 5 : (2) 0.24%; (b) 0.43%; (c) 0.91%

Table 3. Precipitation kinetics equations of different alloys and temperature aging treatment

3. TRIGEMEFNBAEBITHENNFETSE

Aloy 105°C 120°C 135°C
A f =1—exp(-0.27155x°7*) f =1-exp(-0.41671x°™*) f =1-exp(-0.49391x°7*)
B f =1-exp(-0.37383x"**) f =1-exp(-0.47151x""*) f =1—exp(-0.63806x""")
c f =1—exp(-0.58455x*™) f =1—exp(-0.71479x°***) f =1—exp(-0.83153x"***)

6 JZKH In(k)-1/T TSR N b S B LA s RE . A SR B R, =/NERFEN TSI
Bl B RIFIANER R . A SRR S REY 25.7 kI, Lk B & &R BaE ey 22.8 kI
MZERVN, C EeE="G&T MR AH H#isaes, v 15.0 kI, KW Cu &K, A5 _EEK
HaliE. GP X K ML EIFERE, HA &K 4 A, fEAR m DATTHR T 400K SR A AR Dy ) A4 7 5
TEIREE(Mg + Zn) TS BT, S & b A Ras s 1 RO L, A5 B S — 1R BB v S5 At 7 R [ 7]
Cu A Al 75 o] B At tH A ) Zn By, — R BRI AR A ZE s, 5 SR & < s AR A H
B LT BRI PP Tt . AE 135°C i i RhT it AR rh, AU I R R RO BT H ad R, TR
Bt ARFAS p ARG, BIK W EL AR LI P SLAT, GG SRS R LA S BRI, D sl RO
FEAR
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Figure 6. Calculating the chemical activation energy of aging precipitation reaction by Ink-(1/T)
6. KA Ink-(UT)H BRI K B L S B0E e

B

2.

3.5. Cu M= RHLfH 14 RERIRNT

kB IR UE SR BT H X AR AR B (RS0, AL By C &4fE 120°C UG (R I R AL 5 1) 5 I8 s R v i
WE 7 s, B Cu SERIsEn, A &4 koREMbRsEE A 440.1 MPa #1480.1 MPa, 5 AL B &
4 IR R R SR A > B3R T 4.9 MPa H19.8 MPa, 17 C &4 i IR 5 & A iz 9 5 3 I3 s 7 40.0
MPa 1 49.6 MPa, 55| 3 i AT HAHII AL E 2 — ), Hri B3 2 A S a2, 1Red
SHPUBHRA R, R Cu S EME KT 043 Wto%, J12EtEaerES 2 2427 . MRS, AL B,
C A& IEME 3 HN 14.1%. 13.4%. 10.3%, LEfHZB B,

800
VA Ja B ik s
XN piigmpr 116
. OO iz -
~600 | 1 412 -
§ N 1] S
= - 7 Is £
= 400 [ [ | { =
i it
200 A B —— C 0

Figure 7. Tensile strength and elongation of Al-5Zn-2.6Mg-xCu alloys with different Cu contents
E 7. Cu EEFRFEH Al-5Zn-2.6Mg-xCu & & IR & & i 2R

B 8 A2 X NI LB . A Sl s RS RN, W BRI %
2, PIEEEN 2.6 x 10°ANmm?; B & 47 1R AR ARHE R w85 B (Ko 53 Ju it S R, 4
YN BRI WL TR A1k, #1550 05 x 10°NMmm?; C &4 RILFRLIAGEE LA, GH-F
B, HAKEE BRI NS, DA I RRHE, WIS %N 0.4 x 10°ANmm?. BEE Cu &
RN, SEEN U PITE TR, KRB TISINE SR Cu & SECHIRSE AR g, anlA
1 PR X & 1(d)# Sk BT 58 —AHSLIRBEAT REi i, Loy 556 2 A — B0 i THOREE S 4
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AR T AR SRS, ROT A8 R S BRI BOHAS AL s 2 5l, SR, e S ERE A Bl
FRARSEA 2 R AR R A, SR RTE RSO AT 1R AR DR 46 i, SRR R v 2 7 A S R B K
R EERER, o Al o S8 T8I0 5 v < AL 7 R 5 A S5 A T R s 22, BURE R0y e
M, BB RUE Cu SRR R IIE.

wt%  at%
743  9.19
Al 71.72 79.93
Cr 10.64 6.15
Cu 223 1.06

7.97

3.67

Figure 8. Fracture morphology of Al-5Zn-2.6Mg-xCu alloys with different Cu contents at room temperature: (a) 0.24%; (b)
0.43%); (c) 0.91%; (d) Chemical composition of the second phase of dimple

8. A[E Cu & EH Al-5Zn-2.6Mg-xCu &£ =B O () 0.24%; (b) 0.43%; (c) 0.91%; (d) FIESRFHILE
7%y

4, gEip

XFF Al-Zn-Mg-xCu A& 5, WM 105°CHEm 4 120°C I 20 B FE A, B ki fb s = 2 T
B, (HIGEAEEE SHNE TR, JHBE Cu S EMTHR, MR AR I B s . @it &
Arrhenius Z56 75 FE AT, MRS K& Cu S RIIGINSE S T RMIEEE K, FRAR T IR0 FE S NS BE B [
B, GO0 BT g AR TE, PLRIRSETE Cu S KT 0.5%NT 32T, 5] & b 7 1= W) &
BRERRAR, RHOREE AR AR 3 B 3 I 0 e IR ok B2 )3 1 — D 354k R R R T, A e B B BRI

E&ImHE
AW TSR] « B K& St R 1R R (2016 YFB0300901) 7 $2 41 % Bl o
SE Tk
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