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SCES BT A & R 4 99.99%A1 . = Al
99.9%Mg. =4t 99.9%Zn, LK H[AE 4 Al-10Mn.,
Al-50Cu. Al-2.5Zr. Al-3Ti %, Wit Al-Zn-Mg &
B LI T 3R 1. B2 T40~760 CIEHEEIE
(465 °C, 24 h)y¥JZJ ML ALHE . 420 CHELETE . (465 C,
1 h)EVEAFE . (121 °C, 24 h) T6 WE{E I abTE, &4
HIEK 20 mm JEHRA

125 AR YE GB/T 7999—2015 SR H] B ik
Ko HiAHiRIGAE CMT—4105 RGBSR, Fifiik
FEWELHIBOM L-T 77 A HIHL, RrHiE fE 2 mm/min.e A7
P FE R AE 320HBS—3000 A7 FAT EE iR I6 ML b 58 B o
A 4 BRI B Z3/E FEI TECNAI G2 ¥R 45
ST AL, i E R 200 KV, HUBTTEERE AR
FH FL AR R Yl AR ] 2%, HLARY 30% AR AT 70%
H IR TR (PR AR 2 30), FEIR 50~70 mA, iR BE 3% -20 C
fikio KH Image-Tool X TEM R A+ o #HFD T AHidk
1780t M MBS B AT IMatPro7.0 TH5L )L
T fi 7R SR A AR Al-Zn-Mg 554 458 A BT AT T H .

#z1 W1 Al-Zn-Mg &4 LR
Table 1 Chemical compositions of investigated Al-Zn-Mg

alloys
] Actual composition,
o Jommt S e
Zn

1" Al-4Zn-2.5Mg 4.0 2.8 1.43
2" Al-4.5Zn-2.5Mg 4.4 2.5 1.83
3" Al-4.5Zn-1.5Mg 4.5 1.4 3.21
4" Al-4.5Zn-1.0Mg 4.5 1.2 3.75
5" Al-5Zn-2.5Mg 5.0 2.4 2.08
6" Al-5.5Zn-2Mg 54 1.9 2.84
7* Al-7Zn-2.5Mg 6.8 2.6 2.62
8" Al-7.5Zn-1.5Mg 7.5 1.5 5
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2.1 ERMSEIT

e SR ] SRR B S R BT SR U S S
FEEE I, BT IR BCF#TA MgZn, 1) Zn/Mg Jit &
EERiN 527, HORER R ITEHEZE m(Zn)/m(Mg)<5 1)

Al-Zn-Mg & &4 USRSy o B i kS st & &
SREFME S Zn/Mg R A Zn SEAALIZ, WK
1, 1E 1.43<m(Zn)/m(Mg)<3 I}, &4 1", 2*, 5", ¢
A TR RS Zn & RN HEGR, &4 7' Zn
BN 6.8%KF, BRI 550 MPa LL s 7E 3<m(Zn)/
m(Mg)<<5 I}, &4 3", 4"F1 8"{I5REEthBE Zn SR
BN I, A4 8" Zn RN 7.5%0, SEFE N 500
MPa; 1124 Zn & &2, m(Zn)/mMg)>3 &%
3R AP HIBR IR T 1.43<m(Zn)m(Mg)<3 &4 2°
MIBRAE . IGEE R A& Zo/Mg FiEL
HEE Zn E2EMILFEET, m(Zn)/m(Mg)>3 I &4
HRAE TR . BT R RS SRR R A 1)
HA#ME = 550 MPa, HK%E=7%, Kk, #Hi&&Mm
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Fig. 1  Strength change curves of high-strength welded

aluminum alloy with composition
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Table 2  Actual chemical composition of 7A62 alloy (mass fraction, %)

siV Fe" Cu? Mg?

Zn®

Mn? cr¥ 7Y Ti¥ Be¥

0.028 0.074 0.319 2.63

6.84

0.374 0.138 0.100 0.041 0.0015

1) Impurity elements; 2) Controlled element; 3) Investigated elements; 4) Valuable elements
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Fig. 2 Change in minimum ultimate tensile strength and ductility specified for representative medium-strength welded Al-Zn-Mg

alloy(a) and tensile curves of 7A62-T6 alloy(b)
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01975 A& IINT Sc Je R KA/ TR B
Als(Sew ZryRi T, $ i ae E [F) A LA e g 2R ),

HE B INEEmA. B 2b)FimN TA62-T6 &4
AN - R AR 4, ST BRI . R R EE DL
F A Ky B 2 615~645 MPa. 575~603 MPa J¢
11%~14%. TA62 G G UL H By I 254k, A
[CHEE HB 1A 165~175, B 3 fE flm AR5 B 5% 7A52
AN T 29 150 MPa, i FCREE HB #8401 4
30, HEAWHAESMKE, X—MREE THE

SRR RAFAE . P A 90 A R 45 SRR

KH m(Zn)) m(Mg)=2.6 [FI 425 Zn S EE 6.84% (i
08D, EHEAT Al-Zn-Mg ZEEHRER; &
YFEK Siv Feu Cr & &, AR R F-& 4581 .

2.3 EIR5ELHE

Kl 3(a)FTn N TA62 A4 T6 I 3G 4K AT 5k
FHRITEEN,  TEFEAR I & P OS2 2R B N oK BR T DT
VENTHAR, AT AR RSN T 10 nm, AR5 502
60%( I3 3), gl E 5] AR A IS
044 Ik Sk T LS, B Seid b A A PR ek L)
FRL TS BTV ), NG SRR AR, X
S 5 BE A WU N T 10 nm BRI AT HOAH DU SRk

Al-Zn-Mg R4 41 3 B2 55 5 R R M G110 1] 3(b)
BTN N (111, 5 Bl (038 X F P AT A RS, FT DL
W, BRI AL PI5ERBE RS LA, I0A B R BRI R AT
15, IXEEPINBE S FERE oM. 16 (202)/3 fLE A
(422)/3 1 B T B BE S R0 /A1, 78 (224) /3 4if
BT EE AR GP X9, 7E(220)/2 {7 B Bt
RN g S R SR ALZe AU X TA62 4
B4 T6 VIS 5 32 BEAT H SR AL AH R IR n'HH . GP X
HALZr AH5ERAY, 5 A X 0 B TR R o X A
SERPRFEE T ALJEARAI[T11] < [LOOL NS T i f) e 2
P 5 F B (HREM) (3547 % 01
KT MG A WIS A B N5 454,

a=0.496 nm, ¢=1.40 nm, JEFUNEFR. A1), W
2, pMRHEAEN 3~4 nm FE AR, #FA12),, W2,
N HAEK 5~6 nm, & 1~2 nm KR &0 B E
WG AN T AT S ST R I AL TR R
dii1y,,=0.234 nm, »'AH[001] A 7 il ) & 1 A) 2R
d,=0.496 nm. & 4@)FTNTE[ 1], S S o/ A
HREM 1§, K¥#5r LI w7 P dnts, AHRIAE Stk
UL IEEES 0.5 nm, X5 2 18] A% A5 B 5
a=0.496 nm & —FHI. & 4b)Fm AR R AR
{111} BT H, WIS EARER dgyyy, = 0.237 nm, BRJE
M4l d,=0.493 nm, PR BZAT AR A /A . &
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Fig. 3 TEM image of nano precipitated phases of matrix in 7A62 alloy after T6 temper (a) and selected area electron diffraction
patterns along [111] zone axe (b)

Bl 4 7A62 TaEr<: To IR HREM &
Fig4 HREM images of strengthen phases of matrix in 7A62 alloy after T6 temper: (a), (b) [111] zone axe; (c) [001] zone axe;
(d), (e) [111] zone axe; (f) [001] zone axe
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R BE KL, My i AR B GP X E e ARk
(f1, 1 4(d) B N (111, J5 LS B A B AR it
A, HEAEPIE SR, MREL BERZE,
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BT i U T BRI, DR HAZ AR RS A i P I 4(b)

Sy

B 5 7A62 44 T6 AFEAKFHTHE K TEM 14

oo ATESR 5~6 i, (HEAGEA R P ILE X R,
BA S RIER

1E TA62 $8E 4 PRI Zr T6 5 I LAAIAL 5 A5 4 20
e, [ B PR B AT AR S i SR A AR, E— 2P
e SRR R R AR E . B 4PN A
BB A PG ALZr A HREM 5 . AL Zr A7V {100} 4,
HATH, NEAZ) 20 nm FERIR, 5HAk 5408,
SRACAH FOAT BE TS . B B> (An ] 3(a)H 12~20
nm BRATHAR), (AR REE S 5K 8 23 4% 1) ALZr
BB IIPER, L, Zr 2 7A62 HE6 4
P EER TR —.

2.4 T

Bl 5 Bl TA62-T6 & 4k it NP1 A TEM
B. HE 5@FTLESR, SAFEEKEMHLM,
H AR BE A RO 1P A AR, YL 7 3 ST M A
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Fig. 5 TEM images of equilibrium phases of matrix in 7A62 alloy after T6 temper
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(LT 5(b)~(d)), K BET7 MR T J5 a4 B Ay At
5—3, Bl S(b)FHEERIR-T4TAH 4 1) TEM-EDS 43 #f
W 4 Fis, ZMHEEH Al Zn, Mg, Mn JCRALEL,
& Al-Zn-Mg Z&&F 5 T-Al,MgsZn, H— 455
Zn # Mn B #AARTRE), TERE I s P, 4t
TR R D B S(o)h BoR KRR T 14 B2 LI AR ],
KHR P45 B Y] TEM-EDS 7M1 in3E 4 B, %A1
FEH Al Zn. Mg, Mn JTCEHAR, HERTRGE
BOPHIAR A b, FHEERIKE, B S(d)F R
A B AAFR BRI A C 2 AL Zn. Mg,
Mn TCHRABNE 4), EHTE G ER . HE S5 M
#* 4 7 TEM-EDS vl Hl 7A62-T6 & &k
100~200 nm “F#H¥4 E Mn-Al(Mg. Zn. Mn)T #,
AR IR BT Mn 57 1) E e, PATAH FEAL(-0.813
V) E T $5 3 14(—0.802 V), $2TH & & 9k B 1 Al i A5
B P A Sk g, Rk, Bk Zn. Mg JCE AN,
Mn & TA62 SR A &I AE BRI THELZ

®"3 TA62-T6 G Sbihrf n M TAHRI AR I3 K B R
Table 3 Volume fraction and diameter of " and T precipitates
in 7A62-T6 alloy

Along n' precipitate T precipitate

<_1 1 1>.Al Volume  Diameter/ Volume Diameter/
direction fraction nm fraction nm
7A62-T6 60% 2-10 10% 100—200

T4 TAG2 R T6 AFEARTRELHT AR KL 2 7y
Table 4 Chemical composition of stable phases in 7A62-T6
alloy analyzed by TEM-EDS

Mole fraction/%
Point
Mg Al Mn Zn Total
A 15.8 72.1 6.1 6.0 100.0
B 11.0 82.1 2.0 49 100.0
C 9.8 77.1 9.0 4.1 100.0

3 D51

3.1 BT

FIFH AT B LR L R g il S Al-Zn-Mg %
HEMATENTH, 28T TA62 &4l witxf4gl
FPERERIRZm . B 6()fTnBiE EI0R Zn S EAIHY
s, pAHE R g, T S ERE D Bl 6(b)
FiRBEZE m(Zn)/m(Mg) I3, n' A& wL Bl 2 Je 3 in s
W, THEEEZBD, 2 m(Zn)/m(Mg)#Ei 3 i,

(a) Solution 465 'C, Aging 120C 18

)75 7462

./ 10

35 40 45 50 55 60 65 7.0 75

Mass fraction of 7 phase/%

o N
Mass fraction metastable EAT/%

w(Zn)/%

10 8 o
(b) Solution 465 C, E

S gl Aging 120 'C <
B N ” 6 Lu
3 | 2
CR1 2 | g
=~ | | 01975 &
b : P : j 14 3
o al 3 . 7NO1 7020 =
g 7039 7A o <
s ? =]
S 2
20 M o

1.0 1.5 20 25 30 35 40

m(Zn)/m(Mg)
6 BLEIFRER Al-Zn-Mg RE&EH THEEM MgZn,
FHERBERMNITER Zn & =M m(Zn)/mMg) FZ A RHE
Fig. 6 Changes in mass of T phase and MgZn, phase with Zn
content(a) and m(Zn)/m(Mg)(b) in representative medium-
strength welded Al-Zn-Mg alloys

T T HE R XA Al-Zn-Mg &4 4 GP [X/2& Zn
A Mg JRFIIWER X, Zn/Mg i Ll 1~1.4 2 [045 4k
FORWARAH ' 8946 %7 B 53 B B m(Zn)/m(Mg) A
1.4~5.2, PIWEANREE Zn M, GP(1)XE n/MHH
JRIERAIE: 2 Zn SEME, EFREREEAF
T Zn JEFRY BOCK, TWEAR TR E R g/ 41,
m(Zn)/m(Mg) ¥ =it , Joid e Mg Je AR THH. i 5K
FKW, m(Zn)/m(Mg){E 2~3 LN, BEFE Zn & &R
B, 01975 &4M TA62 A 4 15w L 3 5 35 (L
2(a)), TA62 & 4ilid Zn & A m(Zn)/m(Mg) it
VAT R RS SRAS  HA T A AT A R B 1)
ULEC, {543 7A62 FaA &M R &, WIEET.
TA62 R G E I TAS2 A 45 E R AE N 150 MPa
T SB AR S B JE R i - a6 Fras, 7AS2 R
m(Zn)/m(Mg)=1.8 th[F] Zn & & 4.4%(Fi =5 £0), 18
A R B TA62 SR m(Zn)/m(Mg)=2.6 7]
BN Zn S B R 6.84%(E ) XFELLR, — 7
113 7A62 <t n MBI & B 2% N3] 7.5% /44,
PR =2 B AR R B E R R 7 —
J7THAEAF TA62 & TAH & 5 A 4.4%05070 31 1.8% /.
A, EXFORE T ARTE s B V) AR X A i & 4
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BT T AT RGN, Bk, AaHISS 7A62 &4
EBYE. T TA62 BE SR T IR AR /Al
DU SRR TR ECRIL I R A5EH, 1864
JEERe AT RS

32 EABUIERSH

X 7TA62 HRE 4 775 1 RE I TR 2 F 45 A WL
BN, W7 RHZA SRR SRR 7A62
A SRS BT T HH Al-Zn-Mg REE&H
—UTVESRAGHLIEL, K 2 BE 23 B0 5 nm e A BRI 3%
BT HH AR T 8 AR K S A 48 48 45 351 51 A0 AR 1) 200
nm 75 AT ERTEAT H 28 ZAHBRAL 45 6, BT m A E YK
Br A i A AR B I FE 2, IRAEICR Zn S
6.7%~7.4%HMFH m(Zn)/m(Mg) 9 2~3, Bt 122 o
W IN & S A AR o I ER, R HIRCR R
FH K 5 B 4 & AF BT B, BT AR 2 AT H O ER O
100~200 nm “FHAH. 7TA62 &4 MR - BAR M T 44
KGUTHENT H A, U2 E8 REE T HAKRLT .

TAG2 FRA & b AT 5 FE DTk B R, AN
T FRESRAF AL ISR VTS, {33 BA & 5 B F
BOF B . W R 3 F 4), TA62-T6 B
B TTVE ST HAH £ /A, B EZ AR .
TA62 FEG 4 T6 RS FA i AH n' 5 FA4 G VTRL I
R GERE, P FEVS (1110, fiiF Bl ) HREM 14, '
FHIIAT AL Z[001], 48E7 1R AT 3. N HRTEM
T 85 R E, o SRARAFAE — € W A iR IR G &
(202)5,//(011),,» [111]5 // [011],, . HRHE HRTEM 3k
IR AR S THI T BE 111, =0.237 nm FERFE /T HAH
T [A)FR d,=0.493 nm, W] 1450 HE 3 () 36 A 7 I )
AL RE 0 0N 53%, 'S BRI S B L BE RO,
R J L 51 v T RE % e R STk Aoy =
Cof™r™ (Civ my~ my 5T, fRUTTERAIAR 2L,
r ORUUEMFIEAR), UL 60%1) ' HTE TA62
HahER ERER . RS EZ 10%I1) 100~200
nm ZEAEERIE T AH, BT HE RS S R AT
FHREFHASF A HEIE AL (LI 5(a)), 22 T8 A i o e B GV
TR BIR U RIS 1T % s i HEAR , T e e
PERARX, WIS TR 7, = aub /1 (a RHHL u
BUPIRE, b ARIRE, [RFEER), d3E—iRismik
FARRER, A 25 T 7A62 485 & sh s btk g

4 g

1) £ Al-Zn-Mg Z &4, 75 1.43<m(Zn)/m(Mg)<

3, AERISRER Zn SRR INTIEGE; 2 Zn &
HER, m(Zn)/mMg)>3 MHEmERT 1.43<
m(Zn)/m(Mg)<3 A& MmE. mimnIE 7A62 554
MR T, BT P A A T (1 15 RO oK
B AR B S, R T 08K Zn B8N 6.7%~7.4%
M m(Zn)/m(Mg) N 2~3.

2) TA62-T6 & &, =% B BT 5 nm 245
BRIE 2= FL A% AT B A R s B S 8 4 25 350 50 43 AT (1) 200
nm 7 A7 BRI A 2 ALt v ST R AT i AR X ik
M F BT SRAAR Y /A, HLS AT B A 56 AR
J2(202) /(01 1), 5 [111]4 // [011], o BEAMEEIRAFLE
ARIEM GP( )X EAM AlZr, S5EAR w4
LR, BRE THIESAEs), RIS
AEH .

3) TA62-T6 & & MBTHi sk E N 615~645 MPa, i
AR A2 A 575~603 MPa, KRR 11%~14%, A [KAif
f% HB N 165~175, N AT 1E4E Al-Zn-Mg Z 1) = s e
54
Bigt:

R IA8T T TA62 4562 bHH 7 MK T
A, RS Bod TR B AT e 2,
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Composition design and trans-scale precipitates strengthening of
high-strength weldable 7A62 Al-alloy

LANG Yu-jing, ZHOU Gu-xin, WANG Sheng, DU Xiu-zheng, QIAO Li, CHEN Min, LIU Min

(Ningbo Branch, China Academy of Ordnance Science, Ningbo 315103, China)

Abstract: The effects of Zn content and mass ratio of Zn and Mg on the strength of the Al-Zn-Mg alloys were
investigated in order to develop a high-strength weldable 7A62 Al-alloy. The hardening precipitates of the 7A62 Al-alloy
treated by peak aging were investigated in detail by transmission electron microscopy (TEM and HREM). The results
show that the strength of 7A62 alloy with m(Zn)/m(Mg) of 2—3 and Zn content of 6.84% (mass fraction) increases
obviously. After peak ageing, this alloy has the precipitates with volume fraction of 60% and the size <10 nm, and has
the dispersed particles with volume fraction of 10% and the size of 100—200 nm. The high density uniformity 7' particles
are the main strengthening precipitates in the matrix, and are semi-coherent or orientation relationships with the Al matrix,
and form the high lattice mismatch. The trans-scale dispersed particles tangled by the dislocation are composed of Al, Zn,
Mg, Mn elements. The new 7A62 aluminum alloy can become the high strength of weldable Al-Zn-Mg alloys due to the
chemical composition and microstructure characteristics.

Key words: 7A62 aluminum alloy; trans-scale; #' hardening phase; lattice misfit; mechanical properties

Received date: 2018-05-18; Accepted date: 2018-09-20
Corresponding author: ZHOU Gu-xin; Tel: +86-574-87902219; E-mail: zhouguxin52@163.com
(%E FHL)



