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Table 1 Composition of Mg-xGd-1Er-0.5Zralloys (mass
fraction, %)

Alloy Gd Er Zr Mg
Mg-8.0Gd-1Er-0.5Zr 7.7 1.09 055 Bal
Mg-10.0Gd-1Er-0.5Zr 97 099 035 Bal
Mg-12.0Gd-1Er-0.5Zr 122 086 039 Bal

i Mg-Zn &4, Mg-Al 545%, Mg-Zn-Y-Zr &
&, Mg-Ca & 4B, MgzZnAl & 4P,
Mg-Gd-Y-Zn-Zr &4:P1%% . R A e U 2
% T Clyne-Davies 5 2 3 47 3 PE I, 2 45
Clyne-Davies F5 7 [ REPE X IZ AR RS [H] i 22 08 Xk
171k FE.

Clyne-Davies 574" 12 £ 7 ik [l b 2 v ff 59
X ot R BURYE R FER, ARy 4B AR AR
I EAE T 0.01~0.1 I 0T S RS2 s ] 7 B B, R
GiMEIX 8ty ZATBAHARFA > B4 T 0.1~0.6 Z [E]I,
RIS TR SRR T B (1) » 1A 1) LSRR E R %L
(crack susceptibility coefficient, CSC)%2#3K k=
e

t thoo —
CSC =2y 209 “09 (D)

Iy loo — o4

A too1s to1s tOb%%Uﬁ*H%%{F 0.01, 0.1,



31 B x W

i, 4. Mg-xGd-1Er-0.5Zr 44 A BURMERT 7T 3

0.6 IS JIT XoF V. PRy gk 2] I [

PR B % AU 52, Clyne-Davies 5
B —MEF IR, {(HEWIH Clyne-Davies fH 7
FEAEJR PRYE . 1 Je iz A4 R A — A [ e 1 07 R ke Ak
THARER, RS 2% IE A AR AR HIR PR 5
FLUk, AE A E O HE 55 DX S B, 1A 5 R I X
BR X IR e o BREG2% RE IR BE (52 e, mT DA
Clyne-Davies R[] 57— Fh Rk X
TV T _T
R

RQ) Ty BB AR HAE T 0.01~0.1 1%
IR FE X 8], — RN A B 7 AR R FE Y
Tr RANBAAF D EAE T 0.1~0.6 BT B2 R B X
H], —RBON RS, A5 R R R
Fls Tooon Too~ Toa 73l AEAHZ 409 0.99. 0.9,
0.4 B Jfrstof 7 F s ] it i

AR BURME R LIS AR “ A WA
WAL GV, & & 1R BUR P (Hot cracking
susceptibility, HCS)%r2 ik =i w1s31,

HCS = z(ﬁength x fiocati(m x Wcrack) (3)
ﬁqj: ﬁength y\j%&/‘?ﬁﬁ’ ﬁocation ﬁ%&{jﬁ%ﬁs
Werack yyﬁl\‘g‘%&%%}g%ﬁ’ ﬁﬁﬁi%ﬁﬁﬂﬂl@] 2 Fﬁ

Zi
WE PR, ZIHE T ARG BUR R B 2R

CSC' =

(a)
Rod length factor
X32
x16
J
xs C
|
X4 C
(&
(b) Crack location factor
X2 X3 X1
c————
© Crack degree factor
X1 X2 X3 X4
L . v \VA

B2 ARGURMERIURERE
Fig. 2

coefficient

Schematic view of hot cracking sensitivity

PR E U B DL S RS A R B - an P 2(a)
Flior, R, & &E N LRI gEE, M
T BN R G =, B AR B K 1R
g, KEEREORE 4 3G9 8. 164 32; AL
B R AE R SRR e, i 20)FT
N, WRESA 1, SREAL 2, ThIAIERY N 3 ML
FEZRE, WK 2c)fR, #i/LTFEekEA 4,
W N 3, INRLGON 2, HRECN 1.

1.3 MBLNE S8 24

ff H  AxioimagerA2M 4 # & il 5 (OM) -
S-3400N 74413 1 5% (SEM) LA % g 5 A (EDS) %t &
G A SR F R W 1 AT W R A By, FH
D/max 111 C e #% BHAR X SR AT 5 (XRD)HEAT &
S HT o

2 FERRESH

2.1 FASEURRMETIIN

FEBEE FLE, A AR, (HREBAE T
DARD Fe A% A 1R 1 B [ Wi i, B ) DRI R AR B A s, X
— B B N R R B ESCRTR, 1B B
NGy P EIREL, R RERARER 408 0.1~0.6 1)
LXK B (TR) - fH Bl BRI N R, 27 &
A, FRARBAHEEED, A2 DA 78R il R vt
WA, LG 2= AR R, IX— [ BUBORR s A]
ST B ESCHTR, BB 5 e A R AL,
Xt SRR R H0N 0.01~0.1 FIHRLEIX E(Ty). A
W, CSCHEAE RN 5 7= R SR EE X 0] 548 5 7= AR
MARGORFEIX A2 L, v DR & 4 AR R AL
TLRE DX TR] R AFDT RIS, 32 15 CSCHE RT EAE A
&SRR RS, CSCR, RREEHHA
ZAGRRR R, (H HL 5 B [ ik R ) [ RAH (1) AH 5%
RO Be AT B I0 .

A RIRET THREMEZE £ 77 H 4
FekEPUmR s, T

GG
- . 4)
RGN

K co NAHIMZ; bl AEL; T, Ts 50 AM
FHER IR RN [E AR IR .




4 hEA O RYR

2021 4F x A

ASCR S HLG BIA E i 28 5 BT (CA-CCA)
AT TAF Gd 5 51 At ] o 2 A 1 [ A % AN
HEZ KR f-T #iZk, WK 3 i,

PRI B 3 B & Gt it 26 1 25 T RQ) i
B3 Mg-xGd-1Er-0.5Zr &4 A URME(CSC)
TR SE R 4 Frs. 45 RERAR Gd &&I1

100k Cooling rate: 10 K/min

80

60

i 540 560 380 600
40 Temperature/ 'C
— Mg-8.0Gd-Er-Zr
20F Mg-10.0Gd-Er-Zr

______ Mg-12.0Gd-Er-Zr

Solid fraciton/%

5;10 5(‘)0 5;50 6(I)O 650
Temperature/'C

B 3 Mg-xGd-1Er-0.5Zr &4 (1 [ AH 2 () Ak R (7)

KA

Fig. 3 Curves between solid fraction (f;) and solidification

temperature (7) of Mg-xGd-1Er-0.5Zr alloys

5 Mg-xGd-1Er-0.5Zr & 4 AR SL 6 45

e R URE KN N Mg-8.0Gd-1Er-0.5Zr >
Mg-10.0Gd-1Er-0.5Zr>Mg-12.0Gd-1Er-0.5Zr, M
Mg-8.0Gd-1Er-0.5Zr £ 4 1] #4 2¢ BUR M & &
Mg-12.0Gd-1Er-0.5Zr & 4 [ G BB MK

5 MR La)Fin “AAT” Seiasl RIf
g4 RG)IHHEFAEN Mg-xGd-1Er-0.5Zr &4
HCS 18 . 4 REPRRA T ZEBIERKE, B1

o — [ —_
o o —_ [}
T T T T

=
co
T

Cracking susceptibility coefficient

<
N

8.0 10I.0 12.0
w(Gd)/%

4 Mg-xGd-1Er-0.5Zr £ P [ 50

Fig. 4 Hot cracking susceptibility of Mg-xGd-1Er-0.5Zr

alloys

[N ) [ele] e
(==} S S (=}
T T T T

W
(=]
T

Hot cracking susceptibility

N
(=]

8.0 10.0 12.0
w(Gd)/%

Fig. 5 Hot cracking susceptibility test of Mg-xGd-1Er-0.5Zr alloy: (a) x=8.0%; (b) x=10.0%; (c) x=12.0%; (d) Calculated

HCS



315 x M

fHidihl, 4 Mg-xGd-1Er-0.5Zr & 4 I EURTERT 7T

KD, HILMARREERR, H Gd & &,
PR B D, ROEERT, 5481
HCS {5 FiEE. RSLBHRMAR HCS 4R 5
CSC 15 B il ) &5 5 () A2 Ak 3 — 8, R 9
Clyne-Davies 1 %3& H T Mg-xGd-1Er-0.5Zr & 4 #4
SRR B T .

2.2 {HATK

N TR A Mg-xGd-1Er-0.5Zr & 4 #4
LLBURMERZ A LR, RSO T A S RIAT AR
BRANSRAPUREZ R XR. B 6 Finh
Mg-xGd-1Er-0.5Zr &4 XRD i, Z5RKRWZAE
& FEH a-Mg Il Mgs(Gd,Er) 4Lk -

B A B I iy e K s I v () A B
ITHLNEE, B T Fis RS Mg-xGd-1Er-0.5Zr &
S MMALR vULEH, AR EEH o-Mg

® *— a-Mg
v — Mgs(Gd,Er)

© b1 1. .

(b) L

(a) L A A h M

10 210 3I0 4I0 5I0 610 7I0 80
20/(°)

Bl 6 Mg-xGd-1Er-0.5Zr &4 XRD

Fig. 6 XRD patterns of Mg-xGd-1Er-0.5Zr alloy:
(a) Mg-8.0Gd-1Er-0.5Zr; (b) Mg-10.0Gd-1Er-0.5Zr; (c)
Mg-12.0Gd-1Er-0.5Zr

ME(Gd, B~

“ \ ’-" ? ) : o
~e A - g
T e Mgs(Gd, Er)

.

v2

;
(e)Mg Point 4 (Mg Point B () Mg Point C
Element w/%  x/% Element w/%  x/% Element w/%  x/%
Mg 55.13 88.95 Mg 58.65 90.26 Mg 50.25 86.85
Gd 3577 892 Gd 3477 827 ah Gd 4030 10.77
Er 9.10 2.13 Er 6.58 1.47 Er 947 2.38
T
Gd A Gd Br g g ||Gd HF Gd Ergr Er Gd»“ S B B
0 5 10 0 5 10 0 5 10
Energy/keV Energy/keV Energy/keV

Bl 7 Mg-xGd-1Er-0.5Zr &4 5H 41K & EDS 68

Fig. 7 Microstructures of casting Mg-xGd-1Er-0.5Zr alloys and EDS: (a), (d) x=8.0%; (b), (¢) x=10.0%; (c), (f) x=12.0%; (a),
(b), (c) Optical microstructure; (d), (e), (f) SEM images; (g), (h), (i) EDS spectra



6 hEA O RYR

2021 E x A

AR K Mgs(Gd,Er)AHZH L, Mgs(Gd,Er) 3t AR &
on T AN LT A D E AT . BEE Gd SR
o, JLEAZEEIN L Bk, K8 SRR
TR FR > 2 Gd & 2= 18 4 Gd &2 8.0%
FETHE) 10.0%M1 12.0%00), e ARARF > 50059 N
1.07%-~ 2.11%- 3.41%. &&HZHILRHENIE 2
P 1L AR IR R R RE, AT A R 0 #AR
SUBEAT AN, S INAGREG AR R RIRERE, D
HE M RRBURE . 2558 3 1) f-T KR ML T LA
FEH| Mg-12.0Gd-1Er-0.5Zr A 4 EUEE Jim 1 1 [ A1
Ha Ak, BPEEME G AR R B BAAHEZ, 0
Mg-8.0Gd-1Er-0.5Zr % 4 7F %k [l J5 1A 1) [8 A7 % 5
s BRI A 2D, B Mg-8.0Gd-1Er-0.5Zr
G Gt 5 BE B R EUR e R BRI B A
IR R EROR. HEE, LA
RO B3 et o538 & S AU MR A 25 10

4+
%
ERl
E
3=
£ 2r
=
=
It
O 1 1 1
8.0 10.0 12.0
w(Gd)/%

El8 Mg-xGd-1Er-0.5Zr &L f A7 85 Gd & &1
KA
Fig. 8 Eutectic volume fraction of Mg-xGd-1Er-0.5Zr

alloys as a function of Gd content

2.3 ERETTE

it — 2553 Mg-xGd-1Er-0.5Zr & 4 F B by
HO B S AR IS AL, AR SO S
BAT AT T TC. B9 B ARG i A A
KA Mg-xGd-1Er-0.5Zr &4 5 ih 4. BhiE e
NAHILR, AENA AL —I S5, AR
HE R, B9 4. B AR BT
FEAT Hh B 58 [ 5 A () R s 5 B0 R R R A AR Ak
WAL A s%of JS2 PRI P B R AR BT R P . S5 6 &
&I XRD SRR, B 9(a)H 4 VXTI

7& Mg-8.0Gd-1Er-0.5Zr &4 o-Mg HIHT i, #rih
IEH 622.5 C; B U152 Mgs(Gd,Er)3& i AH
ORT Y, AT HURE N 5402 °C, RARISL NN
L—a-Mg+Mgs(Gd,Er). I 9(b)F(c) 1] 4 U B I AH
X REIHT AR S B 9(a)— L, ASFIRAH BT H iR
FE, RFE Gd & &) Mg-xGd-1Er-0.5Zr & 4t 6 =
ik 2 s,

HE 2 AT LAEH, g Gd SERIN, &b
I X [A(AT=T~Ts)iZ ¥ 34, Rl Mg-8.0Gd-1Er-
750
@) ~4 — Cooling cqrve g5
— st derivative
650
S ~
g =10
g 550 %
<)
e )
450 fr
10
350 1 1 1 1
0 10 20 30 40 50
Time/s
750 -20
(b) .
-~/ — Cooling curve
— 1st derivative
650 -15
I =
2 e
E 9]
] =, ~
g 550 10 s
£ -
= L
450} >
350 1 1 1 1 ] 0
0 10 20 30 40 50
Time/s
750 -20
(© - :
Cooling curve
— Ist derivative
650 15
o 2
3 .
= (@]
g -10C
£ 550 =
o, 3
g =
e -5 2
450
0

350 L L 1 1
0 10 20 30 40 50
Time/s
9  Mg-xGd-1Er-0.5Zr [k i i 2%
Fig. 9 Solidification curves of Mg-xGd-1Er-0.5Zralloys:

(a) x=8.0%; (b) x=10.0%; (c) x=12.0%



31 B x W

i, 4. Mg-xGd-1Er-0.5Zr 44 A BURMERT 7T 7

K 2 Mg-xGd-1Er-0.5Zr &4 5 AHMT H I K it [ UL 7
[X 18]

Table 2
temperature range of Mg-xGd-1Er-0.5Zr alloys

a-Mg/C Mgs(Gd,Er)/'C AT/C

Precipitation temperature and solidification

Mg-8.0Gd-1Er-0.5Zr  622.5 540.1 824
Mg-10.0Gd-1Er-0.5Zr  618.1 540.1 78
Mg-12.0Gd-1Er-0.5Zr  613.3 540.2 73.1
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Table 3 Hot cracking parameters of Mg-xGd-1Er-0.5Zr alloys
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Fig. 11 Hot crack morphology of Mg-xGd-1Er-0.5Zr alloy: (a), (b) x=8.0%; (c¢), (d) x=10.0%; (e), (f) x=12.0%
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Investigations on hot cracking susceptibility of
Mg-xGd-1Er-0.5Zr alloys

WU Di-can', WANG Yun-feng', DU Wen-bo', DING Ning', LI Shu-bo', ZHU Xun-ming’, WANG Zhao-hui'

(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China;
2. Weihai Wanfeng Auto Holding Group Co., Ltd., Weihai 264209, China)

Abstract: Hot tearing is a potential problem that deteriorates the ductility of Mg castings. In the present paper, the
effects of Gd content on the hot cracking susceptibility (HCS) of Mg-xGd-1Er-0.5Zr (x=8.0, 10.0, 12.0, mass
fraction, %) were predicted based on the Clyne-Davies model, and verified by using the “constraint rod” permanent
mold test. The results show that the variation of HCS of the Mg-xGd-1Er-0.5Zr alloys can be effectively predicted
by the Clyne-Davies model and the theory values are in consistent with the experimental ones. The microstructure
and the precipitates in the as-cast Mg alloys were analyzed by scanning electron microscope (SEM) and X-ray
diffractometer (XRD). It is demonstrated that the HCS decreased with increase in Gd content. A higher Gd content
led to the increase in the volume fraction of Mgs(Gd, Er) eutectic phase, which was facilitated to feed the
micro-cracks between the dendrite arms during the terminal solidification stage, so as to decrease the HCS. In
addition, the eutectic phase also inhibited the nucleation and growth of a-Mg dendrites and thus reduced the
solidification temperature range of the alloy. Combined with the fracture surface observation, it is suggested that
the liquid film and bridge between grains during solidification improved the grain-binding force, which is also
considered as another important reason responsible for reducing the HCS.

Keywords: Mg-Gd-Er-Zr alloy; solidification; microstructure; hot tearing model; hot cracking sensitivity
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