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Abstract

The optical microscopy, transmission electron microscopy, differential scanning calorimetry,
hardness and electric conductivity measurements are employed to focus on studying the effect of
aging treatment on the microstructure evolution and property of 7N01 aluminum alloy. Several
aging regimes were designed and optimized, and were dealt with contrast tests respectively. And a
suitable aging regime for actual production was formulated. The results show that the hardness,
conductivity and tensile strength of the alloy are 123 HV, 36.3%IACS and 375.8 MPa respectively
after duplex aging (105°C/12h + 150°C/8h). The precipitations of )’ (MgZn;) appear on grain inte-
rior; the discontinuous distribution of MgZn, phase and the precipitated-free zones (PFZ) appear
on the grain boundaries. With an appropriate deduction of hardness, which effectively improves the
distribution of the precipitates on the grain boundary, a better corrosion resistance can be achieved.
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1. 5]

AATNOL #& 42 7000 REE ST T EE Al-Zn-Mg &4 . i H A5 #9645 AAT005 &4
iR, A2 BRAR A i R P SRR A AR R . TNOL R A &t T A BLOL R s et e MREETtk B S i Ji ik i
AL T2 (R T 4a ) S S ZE 32 03000, UM T T ge . ERE . E4eMh 46 (1]-[4]. HATEIA A
ITHE= TNOL SR G &M IRE A IR, fE— @R AL B2 1 3RIE & s 51 22 (1 R S 7K.

TNOL A 4 7E R H1 2 1A FH B S o] i s P BEAE i 2 [ SR B B I IS AT, X ER B AR
RSB R, B R R e Re . T2 7000 RERG SR it e R RURI R TT. T77.
RRA. Sl T H 855 AR [5]-[8]- 28T 5 244 7000 REG S AR, TNOL A 411 2= B2 280 B B AR 2%
[9], 7EEARBRHOIRES, ZAEIFHHTH GP X, 2[5 784 BRI A 4 iR FE nl 15 %] 400 MPa,
{HUARAS R (-G 0 7 J Dl 3R BB 53— D7 THI[10] H T30 TNOL A 4 75 A2 77 v R FH 1) BRIt
ML Z(m#GREE R 120°C, fRIRIS 4 20 h), & —FhaRfe mnm s . AR v Re i T 2R, £ — e A
BRI T AN SRR, 20T AR S E S AR AU R [11] 0 R, A FE A AR,
TE AT 78 0 SEAE 4 — P & S B A 77 I ORI 255 B, DA 3] ) 24 P 6 5 T 8 ol b e e L 1 £
RExAMERE.

2. REMB ST

IR A e 1 FR . R BRI IE A &, TERKA I N RS G, Hiaidiys
PO RIZE J REBR S, 7E @190 mm FIHSE 74 9 55 % 100 mm x 8 mm A, #5 8N 2 mmis, % E iR
B2 400°C, HIEEE 2 =36, HFHEHATELBIKE K. HIRBZUNEY 40 K. K2 101A-3 B AIE
I S R AT U O B S5 DA DS M e, LRI 8 T 2 e 2 fis .

A P2 AR FH HV-5 B/ 67 g 4 DA BE V2B A7 00K, a7 4 3 kg, PRERIT (] 15 s, HL 5280013 A D6OK
& m A i 4, S GBIT12966-91 $AT, W& AT AR HESREHAT I HE . /R Z 3 &= #(DSC) 7 bt
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Table 1. Chemical composition of alloy (%, mass fraction)

% 1 S PRRMEELE R S

Alloy Zn Mg Cu Mn Cr Zr Ti Fe Si Al

7NO1 4.50 1.24 0.16 0.33 0.23 0.16 0.04 0.11 0.04 Bal.

Table 2. Parameters of two-step aging of 7NO1 aluminum alloy
7 2. IN01 A EMBHH T ZE8H

TR Rl FE °C T 2B (8] h LI RO C LIS 2L [E] h
4
150
90 8 8
10
160
12
105 12 16
170
24

K H NET2SCH-200 F3 #73#4¢, MIRFE EARI—H i 849709 10 mg. EARA 5 mm E f, EiRARE
500°C, FHEEE N 10°C/min. ZEH T R H(TEM)RH JEM-2100F 5437 K 5 iE 5 B BE, I B % 200
kV. 6% 4&AH EM(OM)RH XIP-6A B & AH AL, & AHAER iR Graff Sargent #5f. %177 5 FH
T Txxx RES G S R F S A AH PRI, ASOCRE IR il R, 1T LR T R T 8 TR S e 1
p ey AR R, TSR A LA S A, EiE £ Ef[12].

3. TBEREIH
3.1 MEERRRTRUBIEE AUEE L

IR E I e, MBI (e, HHRGRAI T I 1 & 2 o I L ANE 2 W, A4
Bl EAE — RN T e N 250, IRk 4~6 h s, BEREIA B, BE N ON (R A ARERIE R, 54
HOBE BT AR AN FIRE LR R R Herb, 0 ARy 150°CHIY, il — 2RI 25t TR A3 m - 5 il
JEIE BN )5 R BRI EEAN K . N G EZ Y 160°C A 170°C I, BE — i 4 I 84, & S A 2 E
DEEAR, JFHAE 170CH RN, &R TR E AR R BLAh, 2 J il B [ e i, B0 — 2
RS FEE RIS — R 205 T T 2 s i o Al

3.2. EASRRHERHHIEERL

WIS A G, T SRR R, SURPIT I 3, [ 4 e sl 3 s 4 wTkn: BEH 2
I A (R G0, A A R BT O N R Y 150°C I, Bl RN RO (R B, A4
MR, N AR 160°CRE, BEHE L RGN, A& R SRZPE A, a4
RCEEY 170°CHY, BEFE 0N AU R RGN, & e SR PIE K. Bl BEE N RGR L R TH
R 2 S S T A R R AN R . dT 5] 3. 5] 4 T T R EEAE RO R AL T, SEC
— G T A TRDRE IS Gl 5 < HL

3.3. FRITHHHIE TaIERS 4 DSC

K5, 516 e 1 TNOL A5 e AE AN [F) TIUR RIS 1 — A BEAE A T RO ZE I e, Ehdn i T
DO/, 2 ANV AR IR 2 BT H 0, ARAEAH G SCHR[1STHRIE TR 1L 1S IV 20 00 SE A, n AT
o AER . 15 YT G FEAR T, AR TN 2 CRita i [R) Xt DSC 22 . 1 T I & Ak T
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Figure 1. Curve: Variations of hardness of 7N01 alloy with pre-aging temperature at 90°C
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Figure 2. Curve: Variations of hardness of 7NO1 alloy with pre-aging temperature at 105°C
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Figure 3. Variations of conductivity of 7NO1 alloy with pre-aging temperature at 90°C
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Figure 4. Variations of conductivity of 7NO1 alloy with pre-aging temperature at 105°C
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Figure 5. Influence of holding time on DSC curve of as-aged 7NO1 aluminum alloy at holding temperature: (a)
90°C; (b) 105°C
E 5 EWASGEET, FRRERTERX 7N01 44 DSC B EISM: (2) 90°C; (b) 105°C

0.04 |- 0.04 |-
I ——90C/8h r‘ F ——90°C/12h

002 - -105°C/8h ; 002 105°C/12h
~ I = 3
By 000 / o0 0.00 |
E -0.02 - %
s T o0l
2 2

004 |- =
2 ' | = ooaf
151 <

-0.06 [~ 9
s T ool

-0.08 |-

-0.08 |-
0.10 |-
. . . . . . . . . 0.0 L . . . . . . . .
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500 550
Temperature/ C Temperature/ C
(a) (b)

Figure 6. Influence of pre-aging temperature on DSC curve of as-aged 7N01 aluminum alloy at holding time: (a)
8h; (b)12h
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TR ROIRES, GP X T BN R (I 1)F1 280 ' AHINAT 485 T DSC SEERTE R, PRI IHax 46 i W 5 HE IR
fE DSC iz, BtAh, BT 7NOL &4+ Cu S EMRIK, i, 7Em M B (400°C~500°C)Hf & A HIL S
FHEIHT RV . thAh, 14 5()i83E7R 7 24 7E 90°C NIt &k, B9 0 TR 280 i (], AH R (R HT SR
fiR VT S bR, RITE S AR (R P R A AT RNV A

5(b)A 105°C T AN Tk R it ] ()% DSC #h 4 52m . 5 90°C N fRiE AR [R] DSC 2k AN [H]
(A2, ST 2 K PRI T ) 2 GEIR AF B (R8T H A A il A, BT 75 S o s R B T R AR T M ROV A
IbAh, 1 410°C~430°C FHT tH I T — AL BH S (A AR VI, T IgAE 90°C 1) DSC i & I ANBRBE . $53C
HR[L31RIE LA N N E Zn 1 T AH B 0

A, AT 0EE T (Wl 6(a)FE 6(b)FTaR), &4 DSC Mgk AR A AL, R BAkig g
AR P AR IR A A T 22 5 (A0 22 3 BT, TR AT DA A FO S 20800 AR I ) 2 < HE AR 1 B3 R AT
IR RS P A — E A

i BRI, TG A X G e RE RS AN K, BT DAL — 2 R FE Dy 105°C/12h. T
7NO1 & 4IRS 5 7005 & 4simith, BRHARYE SCRR[14] PR AL 7005 &4 7E i 51 4 . sk 51 42 iy 4 T
TR IR S F R S AR (W4 4 BT 58 I RURE N 150°C, T K 2028 2 2 1], W
RE MR, BARE R 20 FE 8(105°C/12h + 150°C/Xh).

7NOL A4:45 105°C/12 h B RL, SR JE#5FE 45 150°C I 20 P HEAT 38 RIS R0, 76 4 h I o Bk B AH,
FLJGE BRI 58 AT L S %6 5 58 T4 150 °C I 2 T B 58 R U] 7 B e TNOL A4 1Y) 5 P o 55— 2 I 280 1)
RERC T B N B, HA SR B T ARHERLE 7TNOL A 4 18 A 38 5 K T~ 350 MPa. HHI! 7 mf I,
55 I SRR ) P A e O R AT S R TR T AR R . hAh, B4 S SRR AT A A
SHIPUS I MERE . BT %A S E MRAEI AR b AN T J8E o B Al 3 DB SE RS ) 5 R I ER 5 ) e [
VERF 55 R N 65 b o TEIEFE A3 T2 P B 75 RIS 25 8 S g S i ik Mk RE I 45 4, DRI ¢ 150°C
N I R R S B A R A1 AE 8 h~16 h 2 [ & &t AT IR A A R AT L WAL b 25
e TV R v 5 — IR 250 )% 4 8 ho
3.4. (VAL TEWL

V] 8 AN IR T R FEE o 4 i PO T AR IS0 . 7 90°C R #3R 8 h &, JEAR T Hi /> 40 MY GP
X, ZEA TR RCORIRET R], HepR 2y B H AR A A n, [FIB GP IX A RSHIA B R . A TR 4%
BEETH R4 105°CRY, FEARHTH K GP XA R BRIR TN SCE 2, H GP XN~HRAE T — & fEE 1L .

< 9 H% 90°C/8 h + 160°C/Xh XUk s 2804k B 5 () AN [F] 2 I R0 il BT TR1XT i PN« i AT HH AH B2 i )

Table 3. Peak temperature of second particle in Figure 5 and Figure 6
3. [E 5, [E 6 hE BN TFHIEERE

T 2l B2 11 22507V i U 52 11 25057 Ve L IV 2 VAT i B2 VI RS IR 5
90°C/8h 197 234 343 -
90°C/12h 185 225 334
105°C/8h 174 237 333 415
105°C/12h 192 235 339 420

Figure 4. Performance indicators of 7NO1 aluminum alloy [14]

72 4. TNO1 55 & £ M REIEHR[14]

on/MPa 60.2/MPa /% Conductivity
Tl ZE sk >350 >225 >10 ~28
TR ~368 ~314 ~15 ~34.6




KGRI 2 TNOL & 420 2 51 e (1 5

390 38.5
— s —Tensile strength
385F —e— Conductlvlt// 438.0
<)
o
=
380F \ / 137. 5 &
[¢]
-t
© =
S 375+ 437.0 =
\: o+
° R =
370F 136.54
365 136.0
360 39: 5

Aging Tlme/h

Figure 7. Variations of tensile strength and conductivity
with time of second-step aging at 150°C
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Figure 8. The TEM images of 7NO1 alloys aged at different
pre-aging treatments: (a) 90°C/8h; (b) 90°C/12h; (c) 105°C/8h;
(d) 105°C/12h
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TEM HE 5 B2 <112>Al J7 )3k X i 7 ATk . H S 9(a) T LAE . 28 90°C/8h HLggif RAb s, &b
WEBTH TSR AR, R BURSHRAHT HAR . SRR 2 h J5, SAATH T KER A 3~15 nm
FIZH/NIRECHT AR, R & S RsR R . SRR 8 h 5, WP BT RS RZ N 10~25 nm,  #T AR
IEERE K. SO/ 24 h J5, S AT AR RGBSR, A HAAH (A1 BR AR S0 00, 7 HAH ) 5 B S0
o BEORIRET B AR, S8 AT A B RST RS, B tRARTRIEE R I, Bz s> . R 4 gt 2ok 3
JG T R LR . B TSRS, B S IR L (R A K (2~24 hy, R T AR TR EE R
WO, BB ETRD e FEIC T AT 4 ZWTAE %E (20 nm~35 nm).
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Figure 9. The TEM image and SAED of precipi-
tates of aged alloy after holding different times at
90°C/8h + 160°C/Xh and <112>, direction: (a) 0 h;
(b) 4 h; (c) 8 h; (d) 24 h
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Figure 10. The TEM image and SAED of precipitates of aged alloy after holding different
times at 105°C/12h + 150°C/Xh: (a) (b) 4 h; (c) (d) 8 h; (e) (f) 24 h
[ 10. 105°C/12h+150°C/Xh T AR R RIR AT & &4 HAERY TEM 1K :(a) (b) 4 h;

(c)(d)8h; (e) () 24h



XU 206 TNOT & < 2 20 5 B8 10 52

SREL AT INT A, LGRS G 4 1 RE B A B i R . AHEL 90°C/8 h + 160°C/Xh RRIER, %l FEAE LRI 24
h 5 éi A BIAT AR A R AE B R R AL . ELURI B T AT HE AR SE A /NoR IS, DRI FE T & 4 0 R 2
BT 90°C/8h + 160°C/Xh. IhAb, Bl RURES M IAEK, A MIHT A HOEET O, R & 1 W 45y
A, JEK AR IR IS (R IE 0T i FR ALY PFZ P2 AR 5em, 22941 FEAL 3R (1) PFZ 8 B2 M\ 25 nm 3 %% 45 nm, % 90°C
/8h + 160°C/Xh I B % .

3.5. g

UL s RS8R S i T T A850R 7 i 2 R Ak 4 A, AR TS 2B B B R BT H R R R U A DA A
J& BRI ROEAGAH WAL AL L o ARSEES TR A T IR TN R B 90°C A 105°C . Y T AR B 90°C
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S SR A B 4 U R T, AT LA 4 PE R v B B O IR, 3 M 4 AT 7 S e
fe
4, g5ig

(1) MR TATE TNOL 56 & MR FE AN HL 38 . — N R0 BE X 4 1 58 A P S 26 s AN K
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N RAMT HARE AR o

(3) 7TNO1 & 43d B BRI 2% T 259 105°C/12h + 150°C/8h . I 2 4 fR RS 3 F1 52843 31y 123 HV.
36.3%IACS.
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