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 E: LhA1-30Zn-3Cu-2.5Si mEFRE A SN AN R, WAMIICEK Er. Zr WS LML E A G S HIUM ) %6
FISemT, FEa M RERS T HAERMLE. S55REMH, 25N 0.10% (FE 5%, TFH) Er Al 0.10% Zr JLE G g% 95 T Hh4n
A E ik, YRR H 74.28 um /N E 60.01 pm, H a-Al SRS AT/ S50 &6 . B £ ICK Ery Zr (N
SIEA & WAL AL(Er, ZoAl/NORFIF AR BT LA IR, T3 i & & Jy 3 MR . W0 Ery Zr J5, %
B A EMHURRE BRI INF TR 1) 323.01 MPa $25 %] [ 358.29 MPa, #2711 10.93%; JEJlR¥2Z i 309.33 MPa 12
= # T 315.00 MPa, #&FT 1.83%; EMBREARKERN. &EEEEN AL RLE, BT REGEMH
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BEE Y52 rPuR K e, AMTRHEE &M BT
RE. R, ZAHMRRIEH THEENER. TR
BUER G & IR NIZIRES & S M M RE O HT I R & H 5
Al-Zn REREBGEENMTHR . P M0 S S
AT ZWNA, EEF5EZ LS BRI
RAE, R H R E R E4N. REERREZ
— R HMEHN Al-Zn REBAESHEMNRRE, T
TR E AR R AR M I o DR i 7 R — o B
v amssiE Al-Zn 884 4.

IR, &% Al-Zn & 4 (B 50 B R R 57 2 F AL,
£ Al-Zn R R A& & T, WEF T ZE Zn FE8E 10%
LR, 4R10 Zn &8 KT 10%, BIEEEEE 10%~45%
BEAEMAPWIRANT . BHEAEEHTHEN
10%~45% MG 4, BA®E . WK, e
AITRS B 1 B 4 5 ), R R A e B IR AR
M AR AN FE R 2 IR SRR A, R LT AR R
ZHEMNA AR TR B —.

KT Al-Zn Z—JoHE, HALEAE 4 NEEFIRFEAS: (1)
1 443 °C, L+Al = ZnAl; (2) £ 382 °C, L = ZnAl+Zn;

= HEA: 2023-01-25
HEWMEB: EXESHIEITER (2021YFB3700901)

(3) £ 340 C, Al, = Al,+ZnAl; (4) 7£275 ‘C, ZnAl
= Al+Zn. 1R4E Al-Zn — oMK, MAHE T BUR IS
Zn BESEEE SRS LRE, BA RIS
PERENOPL AN, W R R A SE R T H SR E R,
f£275 CN, ZnAE Al FEA (1) B =ik 31.60%,
K Zn JOER A N REE S BI1R 4 1 [ S s /e
S AT DAk B ey 5 FE A A S R T
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5[] 75 50 A A RN S 53 % AR U180, R e
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HEl, #t Al-Zn REGESEKU, M5, W
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TEEEE ek, KRS RERRZE, H4 Bt Zn
e Al s VAR R, LA Al-Zn [ Zn & B
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ATAELL Al-30Zn-3Cu-2.5Si 4RIt & 4 it
WG, WAL ICE Ery Zr SHEE LI FE S &
Y ZURN 7 5 1 RE IR R2 T
1 % I

SIS EIE G ST KA EM R Y 4l AL 4l
Zn. Al-60%Cu. Al-20%Si. Al-6%Er. Al-10%Zr 71[f]
G4 LREHRNEERESMY R R 1, w5
N 1# Al-30Zn-3Cu-2.5Si .« 2# Al-30Zn-3Cu-2.5Si-
0.1Er-0.1Zr. N T & &R 33— 2 th, B &4
BEAT AL AR A, Hoh G 6 BT R R A RS N
440 °C/12 hy IR B2 120 *C/1 h

K HXD-1000TM/LCD 4k [K f# i i1 I & A
B, B K/ 200 g, MEKES AR 10s, AT H
B30 o e 25 ORI B, BN A & iR I BN A 1)
A B & 20 A SRR, o e IO .
B 4 G A RE B SR IR T ok R0 D TR G R UKV TR
(2 mL HF + 3 mL ##+ 5 mL ME+250 mL
KOs 6 SR FH IR AN 5% BB ER W - F Axio
imager A2M B &AM B (OM) . Gemini SEM
300 RSB JEM-2100F A& 5 i T &
s (TAERIE N 200kV) W8 M4 M. RH
D8 Advance M5 ) X I £ A7 S AC K FE AT W)
iR

2 HRRITIE

2.1 BfRELR

BARREE A LN X LA HE W E 1R,
IR T AL Siv Zn AT ALCu M, A O o
YRIVEIR. BEEBESNYREH aAl. y-Zn.
0-Al,Cu FEE & SiiX 4 FiAH .

W 2 s, (RS A RS U B 2K 65 1) 2l
L AUNH R PRCIR S 8 a-AL A, 540 2 81K B 40
BN oty M, IREBEIYIA Si M, o Bk

*1 BHEESUEHS
Tablel Chemical composition of the high zinc aluminum

alloys (w/%)

No. Zn Cu Si Er Zr Al

1# 31.06  3.16 2.42 - - Bal.

2# 30.30  3.17 2.39 0.09 0.08 Bal.
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Fig.1 XRD patterns of high zinc aluminum alloys after solution

heat treatment

100, um

K2 #EasrefEiasn
Fig.2 Microstructures of the as-cast alloys: (a) 1# Al-30Zn-3Cu-
2.5Si and (b) 2# Al-30Zn-3Cu-2.5Si-0.1Er-0.1Zr
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AR, M0 p-Zn A ZnAl G FEEA, ZRER
AEHEE o B dh B EHE FIEL M IIRE . Cu Tt
KM INBER R 0-ALCu AL, EaeKOm 4
FHATELE, LRI A0 B AR L . ALCu 54
AR JE T VU 75 & &, db A% H 8 a=6.07x10"" m,
c=4.87x10""m, A 4.34 glem’,

TEA &V HVBEE I, 1S AH a-AL 15 50 a5
b, BEE R E I BRAK, 0-AL,Cu HI'SBE 5 M A &
TR, iR, a-Al G A W R EE
wi SN Y B(Zn ADAH, BRI AGAE 0 MR, Z a4
RAESEHT RO A B o R g AH o AH 4 JB8 YA AR g [ el R
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aty’_ > 0 pm

50 Lun

HAEPHTER, B g A TN aty M,
SR pHHEAAE 0 HBEH, FEEE M. 4-
Fridk, e R G 4 70 3 [ 2 oA 1R ) 0 W ek
a-Al—0—-p(ZnAl)—n.

W 4 fros, 45t 440 'C/12 h [V G, A 1E i
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K3 #Sa e R AN
Fig.3  Polarized microstructures of as-cast alloys: (a) I1#
Al1-30Zn-3Cu-2.5Si and (b) 2# Al-30Zn-3Cu-2.5Si-0.1Er-
0.1Zr

K4 mEEAEEN SEM BH

Fig.4 SEM microstructures of high zinc aluminum alloy: (a) as-cast alloy 1#; (al) alloy 1# after solid solution; (a2) IPF diagram of alloy

1# after solid solution; (b) as-cast alloy 2#; (b1) alloy 2# after solid solution; (b2) IPF diagram of alloy 2# after solid solution
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Fig.5 Statistic diagrams of grain size of high zinc aluminum

alloys 1# (a) and 2# (b)

i SiHHECRIES AR R AW, EHR 3L &
Si #Bar KA KEWT . BR1L, HE R EC, RSt
fn SiAHENA 2 7 AR G Ty ALCu A RS B &
N D .

Bl 5 hmEr iR G e b RS gk |, A Sk
JHRAZ B Rk, &4 P35 dobn RS B R 3 #s
TIEEEM 7428 um iE/NE 60.01 pm, H a-Al
LI 75 SRy 2 /) 1) 4 Bl i

# 2 K 4al.bl 1% fikk EDS B AT 45 R
RYE BT 4 BT/, & E&HR P EE DB IKOE
Fe 2% i M, BHEW T, Fe TEAE Zn Al Cu Kk
A RN, — M A AL R AR S N AR UER IR (1) AlsFe AH
TEIE M UL RS R R rp, B ORI A 4 s, I
SN EZ N Ny S T SO s R RN R N e
Fe AT AH . VARG & & 5% S HY
ML, RILT & Al.Cu.Zn JC & KM, X & 6-Al,Cu
MAAETE Zn 1 g MEEE 2 F, 3 B RSS2
N HIRBU AT, & T B Z AR oty G509 R A2V i
BHT & Si AH 2 ek ] o 72 o g S i th o i), Rt R
BRI E St REAFE, HRTEEWEM. & Er M
KEZILLRAEHMZ £, A Al. Cu J6 & B &
AlgCuyEr .

K 6 NERE4EL 440 "C/12 h+120 “C/1 h I3

A3 JE ) TEM R AH 23K, i % i g g — i
FIRIMT HAFAE, ARG 6a AT &N, RFINF LT RM
V6 4 K 7 BLRCIRGH/N 92K Zn MR A, R
410 5.26 nm, AT BEH AL TR, X ANGH/N
K Zn FHFHS A HE 1IE 3, 3] T AT LA AR
Gt E R THES i FERSHE
50 nm A& A7 BRI 48K Zn Bk . B 6b AR INFE LT
FM 2#54, Er JURIER A TY BT W R0 [ 1 405 b
TRIJEARF R, (EBE 5 1A T 0 72
W 25 LA /N SR BRI 55 AR T P2 S fk o
B T A/ TREL Ik Zn FHAL, A7 LR B IR B AR
MK Zn AH, BB A7 85 AT SLAE RS 2 T F%, H
TEATS B, Wi B pTie, MmN RILER LL4M
1) Aly(Er, Zo)ki ¥, BA R4 A8 E 1 1ok 1 18 i
ETFLALEE AN 5, PHASHIZ 3, g4Bfbdkl, MImEm
HEMLA TR .
2.2 HEiEeE

Ta Fl 7b 43 53l N o A5 R R0GE B 40 1122 v fg
ME 7a HETHI, 2# BN Er. Zr TERMNBEESEES
1# HBAGEM, &&rPihiiEEH 323.01 MPa $#
FHE|IT 35829 MPa, #&F 7 10.93%;: JE k58 B H
309.33 MPa &7+ %] 7 315.00 MPa, 27} 7 1.83%; it
RFEARR R AT, RPN AlL(Er, Zr)MH X%
SEEMBEERAG —EWMEH. 28 5448
440 °C/12 h+120 “C/1 h BN AHLH L J5, &4
J1EVERe Ay, PUhisE IR R T 449.48 MPa, JiE 5
JEIEFE) T 408.51 MPa, MEMFEN 1.52%. ML 2# %
BEETMIRET 2545%. 29.68%. 25.62%. T
Cu JC & I 22 T8 SO K58 A A AL Cu, FF FUHLK
MISE AR T AL, FEA SRR E,
FAN, Bry Zr TR, (E15A & 00 doh RN,
HEME— @R L s T A& em i F e

F2 4al, [ 4bl £ 54k EDS LA &R
Table2 EDSanalysisresults of each point in Fig.4al and
Fig.4bl (/%)

Alloy Point Al Si Fe Cu Zn Er Zr

I 5197 6.89 1588 1430 10.96
1# 2 3834 2047 0.65 935 31.19

3 29.05 57.08 0.04 142 1241

1 5488 047 924 2651 878 0.02 0.10
2# 2 2991 0.06 0.07 3148 21.79 1.74 14.95
3 2553 6123 0.04 1.05 11.84 0.11 0.20
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Fig.6 TEM microstructures of Al-30Zn-3Cu-2.5Si (a) and
Al-30Zn-3Cu-2.5Si-0.1Er-0.1Zr (b) alloys after 120 ‘C/1 h
aging

HEAId 440 CHBHEEZ 5, KEMITER
KA, BRI wAEBE, FEd 120 C/1 h
B RCIE ,  FE AR P9 I B K T A, IF 2 g
ANERE A, BT A AR S SR B TR EEL . B 8
B2 G SRl 0 Koo R mE, MocE o i K
BH, WY& A Si M Cu oK, KLU Ak
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Effect of Er, Zr and Heat Treatment on Microstructure and M echanical Properties of
High Zinc Aluminum Alloy

Wang Xiaobo', Rong Li!, Huang Hui', Wei Wu!, Gao Qianl, Wang Zezhongz, Zhou Li%, Wang Meng3, Nie Zuoren'
(1. Department of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)
(2. Dongfeng Automobile Group Co., Ltd, Wuhan 430056, China)
(3. Xi’an Aerospace Power Machinery Co., Ltd, Xi’an 710025, China)

Abstract: Al-30Zn-3Cu-2.5Si high Zn Al-based alloy was taken as the research object, the effects of Er and Zr on the microstructure and
mechanical properties of as-cast and heat-treated alloys were investigated, and the action mechanism was analyzed and discussed. The
results show that the grain size of the alloy can be obviously refined by adding 0.10wt% Er and 0.10wt% Zr, the average grain size is
reduced from 74.28 um to 60.01 pm, and the grains of a-Al are changed into fine equiaxed grains. The addition of rare earth elements Er
and Zr can form fine particles of Al3(Er, Zr) in the alloy and pin dislocations to improve the mechanical properties of the alloy. After
adding Er and Zr, the tensile strength of as-cast alloy increases from 323.01 MPa to 358.29 MPa, which increases by 10.93%; the yield
strength increases from 309.33 MPa to 315.00 MPa, which increases by 1.83%; the elongation barely changes. The tensile strength and
yield strength of the alloy strengthened by solution-aging heat treatment are 449.48 and 408.51 MPa, which are 25.45% and 29.68% higher
than those of the as-cast alloy, respectively. The coarse second phase exists at the grain boundary, which results in the poor elongation of
the alloy.

Key words: high zinc aluminum alloy; rare earth elements; heat treatment; microstructure; mechanical properties
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