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RERISE T . AIHZES EF EM8 (TEM) . HTEBEATS (EBSD) « X $24T4 (XRD) . HHfie 24548 (SEM)

M RPLPSEIGTTi%, RIS Sev Zr A S & S AT 1 3RAL A T-Mgsa(ALZn)

UREI XA R AL A X i A

R TTREEAT TR SR . S5 REW . &P T KEREAAN T, AF Sc/Zr Hxf T MHTHAR™4&REZ
Wi, 4 FhEed THRN BEEEENER>RERAR, BiZHH5 Al EE2IU, 5EE& M, San
Scv Zr Ha P HIMKII R, AR E . Seh EERMRAPLECY T AR H SR, HOeh IR SR ) STk

282.5~296.9 MPa; [&] A 34k 5T A 4w IR 98 1 5Tk N 33.3~40 MPa;

LN Sc. Zr MBI G HR LI T 4 40T

2] 47.8~63.6 MPa; H AN Scn Zr H ARSI & SRR 7 . 4 Fhomfb ML L FA/EH T Se/Zr Hoh 0.9 F1 1.2
BEMIPIREE N 551~552 MPa, o E N 461~463 MPa, ZEAZEA 17.7%~18.0%.
EHiA: Al-Mg-Zn-Sc-Zr 45 Sc. Zr fiE&th; BWMAL; J2Etkfe; MRAHLEH

FEZESES: TG146.21 HERFRIRES: A

XEHRS: 1002-185X(2024)11-3185-09
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Sc M Zr JE T Aly(Se,ZniH BA 5 AlySc ALY 2L
PRI, RS A S 405 M AR 0 [ A R OK PR

IS HEA: 2023-11-23
EE&WE: EXRHESHRITER (2023YFB3710403)

JEAL R} AR 18

O SCHRIF AL T Ses Zr A St i A & s e i
H — BN 94 Se it & 7 30 T 0.4%I, &R N 0.1%Sce
A SRR BEIR 50 MPa, SRALACRAL T4 &4
WA S IGE, W Mg, Zn, Mn %' Won I 7t K&
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M, Gao™ [t 7L R B R Sc I Al-Cu &4
AREAI AL, (ERTE 38 5 b R R A TR1 7Y Se A1l T T8 1k
B (Cu,Sc)) W AH, iX 2> W3 /b 9K g iR B AlsSe Ri+-
PITERL, W AR & 125 RE, 554NN Fe 1]
DA At WA BT e

HHTXT Sev Zr & ST Al-Mg-Zn R G 402
L R IR sy A R AT R, IR AT
WIRT R LB, RE Se. Zr & A Al-Mg-Zn & 4 %4
SRR RE M, 7E LA AR SIS DL 4 PO [H]
Sc/Zr L) Al-Mg-Zn &4 R i R, il TEM.SEM.
XRD. EBSD FAZERNAHSLIGIR T Sc/Zr HERTE 4T 2L
BDRMHLE TR, it — e it E 4
PR AN & 4 IR I DTk, DA S Ze S
&1t Al-Mg-Zn &4 RS TH SR AL ER 4

1 £ W

KA HH Y RI2-15-11 #1145 Al-5.0Mg-3.0Zn-
Sc-Zr G4, BN WK 1, WG Sc/zr L)
. B 12 Al-Mg-Zn B& MR R EE, Ko
BIHEZE 750 CHESTAEL, KKIMAFRA 4
Al-10Mn. Al-5Zr. Al-2Sc, fRid—Bmf a5 A 4
BEL ABE, AROBHEEEETRA. YUE, BARIEE N
710~730 CHPE A SIE BB N KA M, B2
200 mmx50 mmx200 mm {5 85 . HEEL
420 ‘C/10 h+460 ‘C/24 h ¥ 5tk kb3 5, #EATHEL. +
(IR KR FL o FLHIT A5 /N B B A% VN 25 L
WL, IELETEM B AT 500 C/2 h hn#k, #ELAT
PR R 48 mm, AELEGHA 6 mm MM, #ELETE
9 87.5%. HELEEERMAL 420 C/2 h AR K
JEHHATREL, & 9 BIRJEELAK 1.2 mm #iH, AFLEE
BN 80%. KL 5 1) Al-Mg-Zn & 4 3E47 FEl Va -+ 2okt
L, AR 460 C/1 h, B RCHAL HE 1) A
90 ‘C/24 h+140 °C/25 h.

SR PR RE A S — %I E bR GB/T 16865 (LT
BB RHE SN T e AR ) B
SEHAT . SEIRTE CMT4034 FbLaz S f 175 58 /1 il

#1 Al-Mg-Zn &4 ZFRRS
Table 1 Chemical composition of the AI-Mg-Zn alloys (/%)

Alloy Mg Zn Mn Sc Zr Sc/Zr

Base alloy  4.99 2.87 0.54 0.14 Base alloy

0.6alloy  4.98 2.87 0.50 0.10  0.18 0.6
0.9 alloy 5.12 3.0 0.54 0.13  0.15 0.9
1.2 alloy  4.60 2.66 0.48 0.17  0.14 1.2

553 %
Melting, 750 °C Homogenization,
420 °C/10 h+ Solution treatment,
460 °C/24 h Rolling 460 °C/1 h
< treatment 2 Aging treatment,
% = 90°C/24 h+
st S 140°C25h
2 2
\ 2

=
=
=]

=

Bl 1 Al-Mg-Zn & &6l & RE~EE

Fig.1 Preparation process diagram of Al-Mg-Zn alloy

WL EHEAT, PN 3 mm/min, A 7R UEEE 1] 5
P, —MEEI 3 AT E. RA JEOL
JSM 7001F Z 9 M+ & 5 8 (scanning electron
microscope, SEM) W44 & hr b SR, Fdid it
B HU Celectron backscatter diffraction, EBSD) 434 &4
) SRR R AR B 25 B, WM%ZTH N TD [l (transverse
direction, ST EAED , HEA20kV, FHPK
N 02 pum. KA Tecnai G2 F20 &4 ML 7 & B3

(transmission electron microscope, TEM) KA & 4 )44
B A B BR SR FN G54, [N B AR EAT S 2 BT SR R
fiIEWF5E Chigh resolution transmission electron microscope,
HRTEM) . TEM SEEGFEM A LTIE TH . Pl
Jo s BEAT FLMR AU IR o UMV B R AT R A R 123
PRI L AL B M R, RN 15V, I8k v S0 S i
JEFEHIE-30 T/ 4. Xpert PRO MPO B % i X 42477
B4 (X-ray diffraction, XRD) T 4 #1 & & H &
FHAL RS 40 KV, FEEEEDY 200~100°, 94
HEE 5°/min.

2 Sl

2.1 B HEfR

2 RS G SAE BT RN J7 N[ 110], ST il
] TEM ##%1%. HRTEM Al fd B3R (FFT) o
2 F7R, Se/Zr EARII& 4 i BT H T K& %
/NERIRAE, BROIRAERGT4H/AN . RBO R, 4 Faam)
BT B AR SR B R ZE 5 & ML X BT T4
TERERIR, B T BRI L FATSAERE LA, 78 1/2<111>y
RBAL I T AT AL, AT AP E & & ERIREE A
N T #H. i HRTEM JESRAN IFFT B —PERAE T
A, Wl 2b FE 2¢, ERlE ST T M Al E: k2 (7%
A SN SRR, UIZAHS Al ERsEadiig.
Sc/Zr thH 0.6+ 0.9 1 1.2 &4 HRTEM JESAN IFFT K&
BABTTDIER R T A5 Al A2 AR RRIR C R, X
LW Sc/Zr LR X &4 T A=A emi . KA A (D
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2 Al-Mg-Zn & [110]a St B @2 Bl TR URAR 2 1 f 8 B P A
Fig.2 BF-TEM images (a, d, g, j), HRTEM images (b, e, h, k) and corresponding inverse Fourier transform images (c, f, i, I) of Al-Mg-Zn alloys:

(a—c) base alloy, (d—f) 0.6 alloy, (g—i) 0.9 alloy, and (j-1) 1.2 alloy

SHERIR T AR RO B AT AL B Gt U

N, =N /4N, (D
Horp, N, R BALETUN S A ECE: Ny AL AN
PSS AR Ny A B B 5 A B . Sl
WGBSR T AR R THARSCR B2 B0 st T 4t
THEERINER 2. FTRURBLA G T AHEP R 7 R

N 5.69~5.86 nm, A[A Sc/Zr thA S ESHLH T M
WEEERAR, HPEMAEST T HEEERHIKH
8.32x10% m™, HINIIAFIIHCN 7.01%;: 1fi Sc/Zr Lk
1.2 &4 TS RN 9.28x107 m™, AR 5HN
7.16%. ATLLE W, FEETRMERE T, Sc/Zr tb
X T AH 00 B AR 5 B A B2
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+=2 EINES AI-Mg-Zn A€ T HEIHER
Table 2  Statistical results of T-phase of aged Al-Mg-Zn alloys

Allo Mean particle ~ Number density/ Volume
Y size/nm x10” m? fraction/%
Base alloy 5.86 8.32 7.01
0.6 alloy 5.76 8.64 6.92
0.9 alloy 5.80 9.19 7.12
1.2 alloy 5.69 9.28 7.16

2.2 BHRSTHR

WFFLR I Sc Zr A S A STE Sk FE T H
THRE Aly(Se,Zoyki v, Fili 7 s dil o>, Wit il
TRABMEEENAL. B 3 AR Sc/zr thE 41
BT B AT B, 3R 3 R A AR R S g it &
Fo ATLRIEL, H5EAWIN Sc. Zr K& &ML, Huts

SRR, PRI R SHIE 29.5 pm,  H Sk
AT E); B Sc/Zr LI 0.6 1THE] 1.2, SR
S4itl, PRI 8.6 um 4HLN 4.9 um. E&H
B Sev Zr ) Al-Mg-Zn G4 I8 TERL T Als(Sc,Zr)fi ¥
s TN ESHL N5, 5EMAeSMtL, 246
I Sc Zr WA 4P dichi W A1, 3X AT REXT A 4 15
FERFRAEH o
2.3 ERERMEZEEMNR

B RGBS & S BRI A AT H sk 7 R i
b G AL AN A sk, TR 43 C XA A IR L
Pris AN S RLEAT T BT, AHaEd XRD Bl
XoF 4 1 [ P R 7 5 2 B SEAT I AL, 3BT B Sc/Zr
F X A & [V AL R A A SR AL R 52 . 1] 4 02 4 B Se/Zr
EiA 4 XRD i, SR Jade6.5 X &4 XRD
BIRE AT 0 M, SRAFANIR] Sc/Zr b S FER I A% 5 5.

3 Al-Mg-Zn 44 EBSD
Fig.3 EBSD maps of Al-Mg-Zn alloys: (a) base alloy, (b) 0.6 alloy, (c) 0.9 alloy, and (d) 1.2 alloy

#3 Al-Mg-Zn A& FHRMR T

Table 3 Statistical results of average grain size of Al-Mg-Zn

alloys
Alloy Average grain size/pm
Base alloy 29.5
0.6 alloy 8.6
0.9 alloy 6.1
1.2 alloy 4.9

Al-Mg-Zn & & Mg J5 - [ 5 76 3 44 o B AS AL # i
&, FEPEERLER . MO RERPE, Mg R
TR EEE AT AR A0 () T
0=0.00452C+4.048 (2)
H, o REEMEETEE: C & Mg TR 1)
VAL o 3 4 02 S IR 1) dfd s BORIA ISL 1 Mg J5 1 [
WIE. A4 Sc/Zr LN 1.2 B4 Mg JE 7 [EARE
B/INR 3.63at%, Sc/Zr N 0.6 F10.9 A4 Mg J51- [i]
WIERE, N 4.62at%1 4.36at%. Mg J5-1 [ [E 1%
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4 Al-Mg-Zn &4 XRD itk
Fig.4 XRD patterns of Al-Mg-Zn alloys

®4 Al-Mg-Zn EEREEHR Mg R TERE
Table 4 Lattice constants and solid solubility of Mg atom of
Al-Mg-Zn alloys

Solid solubility of

Alloy Lattice constant/nm Mg atom/at%
Base alloy 0.406 44 3.63
0.6 alloy 0.406 89 4.62
0.9 alloy 0.406 77 4.36
1.2 alloy 0.406 44 3.63

ES5&&HT Mg iR EEA K, Sc/Zr thh 1.2 &8+
Mg &8N UREDHD 4.6%, HILREAES Mg R 1)
[ 7 P A

B aREBHABTLE, & &b 45 5% 5 A i
I, ALERGEEE T RO S AR, IS A IR . Af
EEEATHEENE, —SeRARENER . KE
PR S AR IR, A e AR A B FE I G R ]
AR (3) HHTRAEP,

23¢

p= b (3)
Hr, p RAOAEERE; o AR d 2Pk R
~fyob RAAKRKE, ~ 0286 nm. WA (3) ATRLEH,
A AR, A R . B A1 S M A R
XRD iz ] Williamson-Hall 757511521230,

Bcos6, :%+gsin9,3 4

Hof, BRATHIEREER; K2WE, N09; 12X
BRI, N 0.154 nm. ATRLE Y, XRD 7465
15 AR IR AR 2 — IR BOC R, B BeosOg Al sinfg 2%
RITEMENEG, HLEMRIENY KL o R 52
A I AR A B 2 BT LS R . B So/Zr HLid s,

4 R A PR, HAE A &P AR A R N
0.644%, DA N 2.6x102 m™>; Sc/Zr HN 0.6 F1 0.9

+*5 Al-Mg-Zn 8¢ REHERMEEEITHEER
Table 5 Calculation results of lattice distortion and dislocation

density of AlI-Mg-Zn alloys

Alloy /% p/x10" m™
Base alloy 0.644 2.6
0.6 alloy 0.426 6.0
0.9 alloy 0.470 9.3
1.2 alloy 0.169 4.2

BN 6.0x10% 1 9.3x102 m?; Sc/Zr LN 1.2
BN 425107 m?. DL LS55 AT DL
i, Sc/Zr tbR 0.9 A& P A ES % B, b B Ak
YER TR
2.4 FIFMEERAR

Kl 5 & 4 Ff Sc/Zr LEI Al-Mg-Zn & 4 A 1) 112
PERE. BB, ERES SIRE R, BE So/Zr b
HI$ETt, BEMBREIRT, Sc/Zr thh 0.9 F1 1.2 &4
R S, IR S PTh R 488 MPa, JE ik
SEJE A 398 MPa, ZEfHEN 18.0%; 1fi Sc/Zr t2h 0.6 &
SVEReA 7RIS, PrhiaiE. RGN 525
Fl 434 MPa, ZEMHZEN 15.0%; Sc/Zr b 0.9 F1 1.2 &
ST IR EE 2y Bilik 551 A1 552 MPa, Ji IR 38 20 il
463 1461 MPa, ZEfHZEN 18.0%F1 17.7%.

XIS A G hr AT (T SEM MR, Wil 6 fir
TR, 4 Bl Sc/Zr LB Sl DS A R H HEZ R, &
SHBFERENYIE, R NTIENR. HEils e
AEAE TR N B A ) & JF By A5 5], AR
6b [IRE G AT FI AN, P05 R AEAE & A, L A7
e B . Se/Zr LN 0.6 F1 0.9 & & h 315 Mt
BN, FEARE S BRI R BI040, A/NEE R
LRI & AR — . Sc/zZr tboA 1.2 &4 RIFELE
TEAN/NFRER 2 M) s, TERIE R IR T 894, 1677

600
Base alloy
r —— 0.6 alloy
200 — 0.9 alloy
G!S 400 H —— 1.2 alloy
& 600 —=— Elongation “
2 300f £ :
= EE 0 &
. 2 %0500 30 2
A 25 )
200 23 E
Z 3 400 2
e .
100
300 10
Base alloy 0.6 0.9 12
0 N Sc/Zr Ratio )

Strain/%

Bl5 BFES Al-Mg-Zn &4 )15 Re it 2k

Fig.5 Mechanical properties curves of Al-Mg-Zn alloys
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Element at%
& 154 l\,ilg 855.2;6 951'.553
g Mn 201 101
S 115 Zn 288 121
X .
z2
é 7.7¢
= 3.8}
{ Mn Zn
Al Mn Zn
0.0=—=
2.00 6.00 10.00 14.00
Energy/keV

B 6 B Al-Mg-Zn & &Rl 0 SEM JE3R

Mg
70|

Element

/%

at%

Mg
Al
Zr
Sc
Mn
Fe
Zn

4.24
82.89
1.26
1.01
6.65
1.01
2.94

5.03
88.61
0.40
0.65
3.49
0.52
1.30

Zr Sc
Sc

Fe
Mn
Mn pe
A

Zn
Zn

1.00 3.00 5.00 7.00 9.00 11.06 13.00

Energy/keV

Fig.6 SEM images of tensile fracture of aged Al-Mg-Zn alloys: (a) base alloy, (c) 0.6 alloy, (d) 0.9 alloy, (e) 1.2 alloy; EDS results in the red

rectangles in Fig.6a (b) and Fig.6e (f)

TEWIA Aly(Sc,Zr)M, FIRER & HEAM S Aly(Sc,Zr)AHAH
e . 454 SEM JESRW%E, Sc. Zr B A IINA AR
FeUNE oA il E ST

3 Sth5e

WE SR RES PR R (B 5) FTRURIL, &
BN Sc. Zr X Al-Mg-Zn &40 )15 VRS A I 4R
Fto Sc/zr Lo, J12EMEREERGT, Sc/Zr=0.9 B, 1%
PEREIARIEE . SR A SR @Al Rtk i, A7
B Ak DL [ AL 4 Fhomik oy N3 m 5 rERe . iR
SRR A O B8 1 — PP AR F S & &b e oRER 2 /)N,
TR, OO R LR AE PR . 7E AR TR I FE v = AR
A B S B N T I K S VA L 2 (A VA L S =
Ce O R e s SN R A MY R N <
“Hall-Petch” FFE#HATIHEPY, WA (5 .

AS, =k, d ™" (5
X, ky RERMAE RZE, AlMg &8+ — &N
0.14 MPa-m'?P%, g & PRI . Lt gs
RN (5, IFHEMERNEK 6. BERliA S F MR
RLRSH R, 2 s AT 5 B2 (1 DTk e AIK, 4 25.5 MPa.
Bi%E Sc/Zr LLIEER, A& FHRISRLRSFIZD K, 41
em SR A VE G R, 098 B2 1) TTHR A 47.8~63.6 MPa.

Mr A = EAR A S i AR SO S TR, A
Hh AR O BELAS A s B, AN DR B A v A 4 I
B. Al-Mg-Zn &4 it T FHRSTZ58 5.8 nm,

F6 AlMgZn ASMBBUATHIBUITHER
Table 6 Calculation results of fine grain strengthening and

precipitation strengthening of Al-Mg-Zn alloys

Allo Fine grain Precipitation
Y strengthening/MPa strengthening/MPa
Base alloy 25.5 282.5
0.6 alloy 47.8 287.0
0.9 alloy 56.8 291.3
1.2 alloy 63.6 296.9

FRAE KT BRARAT AR AR 722, 2R SE AL LAY T
FHIEATIER, BRI B A A8 1 S i HLAITH AT H A xt
SEFERITTIRCY, A 6) .
MGb In(4r/b)
e
X, MAERBIET, N3.1; v EFMRE, ~N034; G
NEIYIREE, 26 GPa; b R{HIRKE, 0286 nm; r
ENTHA R A T A MR RE R, W]
il A (7)) R

/1=4r[\/z—lj
4f

AR, fREVTHEARER S E, T AR .
B T MG T8 BAANAR (6) « (7)o THEL R

*® 6 I, BEE Sc/zr LLHIERTE, T HIX & &5

6)

A, =0.4

D
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BRI E Y, HEA EERAKR, BAEET T M
o JE R () DTRR AR AR 282.5 MPa, T Sc/Zr bhH
0.9 F1 1.2 &4 T MM HOE K, e Ao FE 1 ok
R, 409N 291.3 F1296.9 MPa.

PR TR & S BT AR TR, AR K 2G5 I
TR, WA TR B I R AR, AR IE sl %
FIPHRSIE S T A E MR . — B R AR (8) M54
BOR AN 4R BE I BTk D

AS, = MaGbp"? (8)
H, M RAEENRIN T, 5 3.06; a2 HE, K~ 0.3;
G /AR B DR 2, N 26 GPa; p A S E Y.
WA EEE g8 RN A (8) , IHHEARWNE 7
FIiR o ALESSRART & &0 FE M oTmh R AR,  BEalG & Ar
1% P B M1 A TR A 0T IR E 1R DRI R 11.0 MPa,
MR AN Sc Zr 1A A #E 5 Ab Xof i ARG S X DTk oA
14.0~20.8 MPa, 1X /&K NFLHEFE A A 45 K EIG5E, 7
W, SRS AR AT M R 8 R
Shdh, PIRTE ORI, A AR E .

Al-Mg-Zn &4 Mn K7 LA Aly(Mn,Fe) A8 17
16, 1M Zn FETER T A, ST [ @A 5 )2 Mg
. Mg [TV B A SRR b S A s 3, 12
e ISR . A R A X A 4 e IR S ) DTk T A
X (9 FEATIHEES,

A6 =HC" €))
b, H AU 32540 Al-Mg &4 — M0 13.8 MPa/wt%
F10.75; CRIETREEE. & Mg R FREEEARNAK

(9, THHEERNE 8. 4 Fd 4 [V s Ak 0] AR
FERE AN K, H DTk 33.3~40.0 MPa.

G a MR E LN R A (100, # 4 Fparibl
1l XF JeE AR i P ) TR AT IR A3 2] Al-Mg-Zn & & B
TS AR 740

A, =AS, A +AS,, +AS, +AS, (10)
1, Ad AR JERGREE, 4 10 MPa; Adgs Adgys
ASpn ASq 5 AN A BOR . SRS B i
PR AE SRR o BRI THEL I J IR 5 6
SERHEATXIEE, Bl 7 PR, TR REEAK T SR g

#z7 Al-Mg-Zn S E&MEBUITELER
Table 7 Calculation results of dislocation strengthening of

Al-Mg-Zn alloys

Alloy Dislocation strengthening/MPa
Base alloy 11.0
0.6 alloy 16.7
0.9 alloy 20.8
1.2 alloy 14.0

=8 Al-Mg-Zn A &EABUITELER
Calculation results of solution strengthening of

Al-Mg-Zn alloys

Table 8

Alloy Solution strengthening/MPa
Base alloy 333
0.6 alloy 40.0
0.9 alloy 38.2
1.2 alloy 333
700
I, o, W 2,
< 600 A(Sgb Ad, —=— Experiment
[a W
= 5001
% ././-—.
& 4001
=4
& 300F
=)
o 200F
>
100
0
Base alloy 0.6 0.9 1.2

Sc/Zr Ratio

7 Al-Mg-Zn &4 JE RFEE I 45 R 5 B T A X0 b
Fig.7 Comparison of yield strength of Al-Mg-Zn alloy between

experimental value and theoretical calculation value

AR L3 NETHWEAT A H, Al-Mg-Zn &4
IR B 2 E AT AL TTRR A, S (R < TR 4 AR
FE R RIAEAN Stk b, At e Se/Zr AN S 2
FEAR RS

4 5 i

1) 4 Ff Sc/Zr &4 T ARG/ A5,
Sc/Zr LeXE T AHMT AR AE R EFE W, G4 T HTFH
RSP 5.69~5.86 nm, $U% N 8.32x10%2~9.28x10% m™,
T #5 Al E:Ak 58 430 .

2) Sc/Zr i, AR R ToRAE R, Bl
A G P om RN i AR GRS 43 51 488 1 398 MPa; Sc/Zr
Feh 0.6 4 4 H BT H 5 R0 e 3 52 43 3l - 525 i
434 MPa; Sc/Zr Lt~ 0.9 Al 1.2 &4 hHidissE o5 h
551 #1552 MPa, J#RIEEES> 54 463 #1461 MPa. Sc.
Zr AR SR &S h R 7 50, SRR

3) Sc/Zr kE, A ar iR RS EG, BRaliE S
SRR R ) A 29.5 pm, Sc/Zr LN 0.9 A1 1.2 &4
BIERE RS20 58 6.1 F1 4.9 pm; Sc/Zr 9 0.9 &4
R EREON 93x107 m?, HRASEMEHEEN
2.6x10"~6.0x10" m?; Bl & 4 A1 Sc/Zr LA 1.2 B4
Mg [E B ERAR, 00 3.63at%, Sc/Zr LN 0.6 A1 0.9 &
& Mg [ B RN 4.36at%~4.62at%
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4) dieiti, RIE TR Z R eLE R T A
AT HY o Ak, AT H e A X A e R BT ER N
287.0~296.9 MPa. Sc. Zr & & bIE 4 Fsm b it 7
EaMRmYEGe, SRIHEN 47.8~63.6 MPa, THH 4R
SEMEERCRGZIT . 25 EFTE, Sc. Zr BN 0.9 AT 1.2
TR R AL -
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Effect of Sc and Zr Microalloying on Microstructure and Mechanical Properties of
Al-Mg-Zn Alloy

Zhang Tianyou"*’, Yan Lizhen"*?, Li Xiwu'*?, Li Zhihui'*, Chen Lei*, Gao Guanjun'**, Zhang Yongan'*”’,
Xiong Baiqing'?
(1. State Key Laboratory of Nonferrous Metals and Processes, China GRINM Group Co., Ltd, Beijing 100088, China)
(2. GRIMAT Engineering Institute Co., Ltd, Beijing 101407, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(4. Northeast Light Alloy Co., Ltd, Harbin 150060, China)

Abstract: Four Al-Mg-Zn alloys with different Sc/Zr ratios were studied, and the influence of Sc/Zr ratio on the microstructure and mechanical
properties of Al-Mg-Zn alloys in aged state was studied. Transmission electron microscopy (TEM), electron backscatter diffraction (EBSD), X-ray
diffraction (XRD), scanning electron microscopy (SEM) and room temperature tensile experiment were used to investigate the effect of Sc and Zr
microalloying on the precipitation of T-Mgs»(Al,Zn)s9 phase, and the contribution of different strengthening mechanisms to yield strength was
quantitatively calculated. The results show that a large amount of T phase is dispersed in Al-Mg-Zn alloy with small size, and different Sc/Zr ratio
has no significant effect on T phase. There is no significant difference is size, number density and volume fraction of T phase in the four alloys,
and the T phase is completely coherent with Al matrix. Compared with the case in the base alloy, the grains in the composite alloy with Sc and Zr
additions are significantly refined, and the dislocation density is higher. The main strengthening mechanism of Al-Mg-Zn alloy is the precipitation
strengthening of T phase, which contributes 282.5-296.9 MPa to the strength. The contribution of solid solution strengthening to the yield strength
of the alloy is 33.3—40 MPa. The mechanical properties of the alloy are improved by the addition of Sc and Zr, and the yield strength of the alloy is
increased by 47.8-63.6 MPa through fine grain strengthening. The addition of Sc and Zr does not change the tensile fracture mode of the alloy.
The tensile strength of 0.13Sc-0.15Zr alloys and 0.17Sc-0.14Zr alloys is 551-552 MPa, the yield strength is 461—463 MPa and the elongation is
17.7%—-18.0%.

Key words: Al-Mg-Zn-Sc-Zr alloy; Sc, Zr microalloying; microstructure; mechanical property; strengthening mechanism
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