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Microstructure and Mechanical Properties of GE61K Alloy Sheets Produced

by Rapid Rolling Process
Hu Dalong', Liu Ke', Guo Chenglong®, Lou Feng', Du Wenbo®
(1.Faculty of Materials and Manufacturing, Beijing University of Technology;
2.Beijing Xinghang Electro-mechanical Equipment Co., Ltd.)

Abstract: Mg-6Gd-1Er-0.5Zr (GE61K) alloy with low rare earth content was designed. The alloy sheet was pre-
pared by rapid rolling. The yield strength, tensile strength and elongation of the alloy sheet reach up to 201 MPa,
248 MPa and 17.4% , respectively. After annealing tretament, the strength of the sheet is decreased slightly,
however the elongation can be increased to 20.7%. Solution strengthening and texture strengthening are the main
factors affecting the mechanical properties of the alloy sheet.
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Fig.1 Dimension of tensile specimens
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Fig.2 Microstructure of as-cast and solid-solution GE61K alloys
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Fig.3 Microstruction of as-rolled GE61K alloy

with a total deformation rate of 40%
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Fig.5 Pole map analysis of the as-rolled deformed GE61K alloy
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Fig.6 TEM images of as-rolled deformed GE61K alloy
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Fig.8 EBSD analysis of as-annealed GE61K alloy

Sl SR AL ZL R IR A D I RS R/IN SRX R,
PRI SRX 5 250 R0 09 B ) B 4 k. 28 ad iR koAb
BG4 25 G 2 L AUAE B D R (1012 A28
{1011} FRAE2E & {1011 )-{1012 ) XUAE i 25, 2 W i 2L 4L
AR EAE A SRX K AE WA A S W FE. A 8c
FE 8d v DL & B, 3R K5 /N BE I B (<< 15°) 1) LL il e
T 18% A KA ok 2 AU 25 L A T M 2 A0 11
Ry TR E A

Kl 9 AR k3 GE61K M #F il & (IP) . 7T LA &
B AR AT A T T A SRR AE L (SR A A e L
BRI T 0 43 B B0 7 B 1 RD 7 1) U 54 A R
IN BRI PR AR 2 7,66, SRX 2374 #E K 28 i, IF
Tl SRX ks, Bl % IB k R fE] i — 45 fE K, SRX f R

548

Ry A RO % A W1 A8 A SRX b KL 4 B i)
T BEAIL e T 2R AR

D S@
R L

Max=7.66
(a) (0001) (b) (1010) (o) (1120)
B9 iBXKA GEGIK &4 E 5

Fig.9 Pole map analysis of as-annealed GE61K alloys

= 00 O & b

0

2.4 GEGIK A&HI=EBENF14RE
L1 NEEDS HLH SR AES GEIK 541
EPERE . SRR LA S S 4 0 5R B RAK JE Ik



PR ELH GE61K & G bt i 212U Ty 2 1L BE

R

BN 95 MPas SLAIIN T )5+ 4 4 00 56 5 AN PR 42 T, O
HoA 4 0 i e 5 BE R BT B SR B2 (B 43 31 201 MPa
1 248 MPa, ffi K 3Ky 17.4% 5 iR KALBRIS , £ 4 1 5
WA R AR KOR AR = & 20.7% . 45 AR Bl
HAELH AR A B R S S SRS T e e RE AR
Bap ARG A 77 A o o AT 88 1 5 i OB B A 7 0%
R1 AERE GECIK S &M 1ERE
Tab.1 Mechanical properties of GE61K alloys at different states

RE PUHIiRE/MPa  JERSRE/MPa K%/ %
EE A (S 162 95 16.1
Hd® 248 201 17.4
LR RS (A 238 183 20.7

3 itk A

I o A B A B AL FL A R ORL R kA
GE61K & 4 AL 8L fE , % 3P 5L 1 o7 A 2 ol AR
BE WAL SR L5 A 1 TR, S iE— b g
A A R AL AL 5 R [ 5 Ak R 2R A s R
WA AW E BN R KI5,

e AT LGE BN G Er g0 K 58 4 K T 24k
o, B e A IR D RS e S &b (S
SLI O AETE L I RLIA R 55— AH 9 5 Ak SR N SO A
P, AT Al 2 adk 5L AR T2 I TR & 4 1 2 P g 1 42
R HIE A (ow) B (o) KA (o) S5 VE T
i 3K = RIS A IR 5 3 3 5 29 R 106 MPa,

540 R ¥E Hall-Petch A3 (6, =0, +Kd ve Ao
o R AN AR AL T IR B Y SR A . MPas o, R BE 3k
A B IR FE  MPa. 2928 11 MPas K N 5%t i JiE
S 1 22 K0, 3 L 135~188 MPa » pm!'/? 22 )27
d NFORL ) B AR pm) o AT A (4213

(a) LA EH 5464 DRX 5 A B

S Yy AW (G NI
o R A" 7
:

(b) 8K &44 SRX A B

mm) 2 5LH1 2 (17,34 mm) &k 40 1 % i R 58 3 /Y 5T
Bk, 2 Hall-Petch 24 203H50, T 15 Ji iz 5 B2 3 013 &
Aoy A 11.65~16.22 MPa, [, L& & 4 I 4
(o) B (o) T AR 1Y 3R AL 1S 5 8 89.78 ~94.35 MPa
(Bl 106 MPa—Ac ) .

H T HE— 2B M AR (o) V28U (o ) SR AL AL X A
LW R AR IS FL S A 4 AE 375 C LRI 20 min (1)
ZAF T AT IR A F, DL R OB A8 SR A X A 4 1 52
M, [ 10 S 5L AS A 4R KRS I 2 A 8L 43 A I
. M 10a A] DL A& L, FLIZS & S A LULF 4 A2
TE 20 A8 B OB 8 X380 o A 5 A /0 it 19 30 245 48 (2
X3 5B kAL FL S (] 10b) & 4 A 20K 4 SRX
fl L R X 3O A1 . AN ED 10 B 60 1545 & 41 22 MR
KATHY 2.3 % 38 5] 68.5% o KA AT ok LA T 2
1A D5 5 F AR T LU e . 454 18 6, mT LT
PUAHIZ A & & T i se 2 SRX, Mt al %1, i
KA S GE61K b4 5 FE (Y i 2% = 25 fh A8 P 41 2 &
AT T A 1Y 5 AL SRR, BB R H 2 Ry 18
MPa, #XT1ii, B & J5 GE61K & 4 1Y f ki R ~f (13.78
pm) A AR, iR 4 Hall-Petch A3, & As,\ M 3.96~
5.51 MPa, FWIFEMALAHILAE I T iR K3 GE61K &
4 1Y JE IR BEAT SR BEAR T 18 MPa, 5% J& fib ki 40 4k %t
B 4 B ok 0 R A S 00T AR R R A 1 A el AR 5
TS 0 R IR R B4 2k Sl 21.96 ~23.51 MPa(Bl 18 MPa+
Aogn) e AN N 4 5 S T, AR AR KOET S
GE61K & 4 (28U A Fr 28 4k (H B 28 A K Al B
IR I X SR 1) 52 e /N SR 20 PRt R fBLA
A wE AL XL A GE61K 4 4 (4 STk 21.96 ~
23.51 MPa,

001 s

iR
80

60 1

& B

40 1

201

B WL k7

() A EHEPBRKESGETFRA LB MBG LG A

B 10 A EH S8R KE GE61K &4 EBSD 447
Fig.10 EBSD of as-rolled and as-annealed GE61K alloys

[ 75 8 b 2 3 O D T 5 iR A SRR R I TR
A ) AR AR A BRI D 5 1R 1 A R A
Az (1 IR AR BE 5 1R 1 o % D S [ 5 R 1 i Ak sk SRt S
[l e GE61IK &4 h Gd /& R E Ml +7c
L[ AL 5 IR A B A 2 R T DR R

3.1eGC>
700

Ao, hal Mg 98 I, 298 21 MPase M50 H
G RIEHET I E , 2 1.66 X 10" MPa; C h 3k
A Hp i R T IR

o, =0, + (D

549



Fidh o5 MR 5 &

2022 4EHE 42 B 5 B

ROKHLIN L L 2273 Mg-Gd o841 Gd
RS R Z R R REAT T RE MR, R
T 3E o R B S (BEJR B0 Z B R LR
FHLRPEILG T A MegGd It A4 e HAN
0.74, MEMFH GE6IK & & Gd W B /K 43 BE
0.99% » % 450 °C X 10 h ¥ 5 ,Gd J&F & 2B E % T
FLpR Y rp o A AR A SR (1) ] A5 [ 5 5 AR Y BT ek
297 75 MPa, H it LA HsR AE &R X 3 Rk 28 1)
GE61K & & A, ur L B s Ak X 5L S GE61K & 4
e B 58 5 B BTER(E A 75 MPa,

I AR ooy w0 0 FHRREXTELHIAS GE61K &
S TTEk, X AL A GE6IK & 4T & - 8 v i Ak F1 21
Fa o AT 6 4 Tt IR i B 1Y BT AR (B 1

4 % #®

(DGE6IK & 4 fEFLHNREE Jy 400 °C FLHIE N
10 m/min, B2 R 40 % BS54 F . AT IRA3 P o
JE i R 5 B K 2 43 i Dy 248 MPa, 201 MPa J¢
17.4% & &l

(OFLHIZA GE61K & 4 s Ak P 3 = 28 fhy [ i
i SR BOR AR S AR B, I b [ R AR SO R AL
F2 b AT X G A R B A S e A K 5 A o 5 AR R AR
X B 4 o IR R B ) R I DN

(3)FE 375 C AR 20 min &0 F, 5L &
GE6IK e okt B EEMFHSHE M, xR
THAEZE A LB A5 B A 2 20, 08 I A T 25 A ok L OF R
Jre 1005 Bk A BTN B s A AT /N AR RE A S L 1) B 2R
& ETA S Y A A TN | B 1 - T EAR S i A
K. $&H GE61K & & a5 J1 2=k fig Kyt hiom B2 s
IR i B K K 43 5l 238 MPa, 183 MPa [20.7%.,

5 % X W

AEMR L BRS TB A T  RA TTRE R R UE HR 5 0 LT .
FEPUMR TR, 2020, 31(22): 2 753-2 762, 2 771.

BN RS VRS S N R LT ] {5 B, 2016(2): 26-
29.

A TR ML BE AR IR Tolk i i BRI ] P EA B 48 . 2019
(6): 40-41.

FRaRAE B4 & LML AL ST b2 Tolk i piet . 2004,

EXPE L NI R A TR s AT s R () )R (AR
T, 2015, 5(2): 23-27.

e 21 120 R T4 A R — B R BE A 4 R L] Bib R
Pk, 2007(12) ; 22-26.,

BEYR PG BRZEM L BE B . BE A MRk S R RS [T]. %
. 2020, 69(10): 1 016-1 029.

WA BES GNP SR ah3R [T ). MR Ty % 2% 3], 2019, 40
(4): 287-325.

(9] RATIL B AT, 5. B sk AR A & LB A & BT o

550

(1]

(2]

[3]

[4]
[5]

(6]

[7]

(8]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

[27]

[28]

(1. wE bR . 2020, 39(1): 31-38.

EOE, AR, 21 e b A 6 I8 Tl AT 5 28 & R A [ M.
LA 4 Tl Rt 2001,

FESCHE BUMRI, E M AF SR LA ST R, ta T
K224, 2020, 46(6): 710-718.

E#f. A OEEME T MM Jbat. b EbRfE R, 2007,
T BB R AE. KR T RITAL T AZ31 BEA SR 1Y
PAT Ry B AR LRI . HLAR TR 24, 2021, 57(8): 146-153.
WANG Z H, DU W B, WANG X D, et al. Microstructure evolu-
tion of Mg-9Gd-2Er-0.4Zr alloy during solid solution treatment
[J]. Transactions of Nonferrous Metals Society of China, 2013,
23(3): 593-598.

KIM S H, LEE S W, MOON B G, et al. Influence of extrusion
temperature on dynamic deformation behaviors and mechanical
properties of Mg-8A1-0.5Zn-0.2Mn-0.3Ca-0.2Y alloy[J]. Journal
of Materials Research and Technology, 2019, 8(6): 5 254-5 270.
JIANG M G, XU C, YAN H, et al. Unveiling the formation of
basal texture variations based ontwinning anddynamic recrystalli-
zation in AZ31 magnesium alloy during extrusion[J]. Acta Mate-
rialia, 2018, 157 53-71.

ZENG Z R, BIANM Z, XU S W, et al. Texture evolution during
cold rolling of dilute Mg alloys[]]. Scripta Materialia, 2015, 108
6-10.

XU S W, MATSUMOTO N, KAMADO S, et al. Dynamic mi-
crostructural changes in Mg-9Al-1Zn alloy during hot compression
[J]. Scripta Materialia, 2009, 61(1); 249-252.

XUEED], XFIR, KRR, E. BERBEE Sl ML RO Tt R
(1], i EA @484, 2006, 16: 1-12.

L. Mg-Gd-Er-Zr & 45 MY L K 2400 R & F 25 1 1
TMAERIZRLD]. LR bR Tl K%, 2018,

ZRAr. ZK60 B A A LT T AM D] &I &0 Tk K2,
2017.

HE S M, ZENG X Q. PENG L M. Microstructure and strengthe-
ning mechanism of high strength Mg-10Gd-2Y-0. 5Zr alloy[]].
Journal of Alloys and Compounds, 2007, A427(1/2): 316-323.
GAO L, CHEN R S, HAN E H. Effects of rare-earth elements
Gd and Y on the solid solution strengthening of Mg alloys[J].
Journal of Alloys and Compounds, 2009, A481(1/2): 379-384.
JAIN V, MISHRA R S, GUPTA A K, et al. Study of 3-precipi-
tates and their effect on the directional yield asymmetry of friction
stir processed and aged AZ91C alloy[]J]. Materials Science and En-
gineering, 2013, A560: 500-509.

LIJ Y, XIEJ X, JIN J B, et al. Microstructural evolution of
AZ91 magnesium alloy during extrusion and heattreatment[ ] ].
Transactions of Nonferrous Metals Society of China, 2012, 22
(5): 10281 034.

HERTZBERG W R. Deformation and fracture mechanics of engi-
neering materials[ M. 3rd edition. UK: Wiley Publisher, 1989.
ROKHLIN L L. Magnesium Alloys Containing Rare Earth Metals
[M]. London: Taylor and Francis, 2003.

ol 58 Mg-Gd-Y-Zn-Zr & 4 1 5L A2 T8 B i %058 e 47 [D].
WA IR MG IR IR Tl K2, 2012,

(445 5KIES)



