
� 48�    � 7�                               ��������	                                Vol.48,   No.7 

2019�      7�                      RARE METAL MATERIALS AND ENGINEERING                     July    2019 

 

�����2018-07-10 

���	����	
������������2682016CX072����������� !"#���18GJHZ0073� 


���$%&'('1990�)'*+)',-!./0'�� 12 610031'345028-87634673'E-mail: qiurongyang@my.swjtu.edu.cn  

 

�� Y(0.2%)��� Mg-Sn ���	
��� 

 

���

1

��  �

1

���	

1

�
��

1

���

1

����

1

����

1

��  �

2

 

(1. ,-!./0 6789�:;<=>?@AB'�� 12 610031) 

(2. >C/0 �DE�F67GH�:I�J'>C 400044) 

 

�� � ��KL MTS-CMT51053MNOPAQ'RSTU 250~400 �VWXYZ[\U 10

-4

~10

-1 

s

-1

']/Z^_U 40%

`abc'def Mg-2.5Sn(g_hi, %)j Mg-2.5Sn-0.2Y(g_hi, %)�F9klmZ^no�pYq-YZrsV

tuYqVvwxyV�z{HVDMM |G}'I~w_ Y�0.2%�de� Mg-Sn �F�Z^kU`��no�

��5w_ Y`�|'R��YZ[\�'�� Mg-Sn�F�lmtuYq�| 30%����R��YZ[\�'�

d����/n��Z�F��Z^Q�`��{�'������ZU��`� j¡ '�¢�£f¤o¥'�

¦�§\¨�©i'�/|Gª«¬n 

����w_ Y�Mg-Sn�F��Z^kU�Z^Q��|G} 

�������TG146.22        ������A        �����1002-185X(2019)07-2275-09 

 

��������	
����������

������	3C	������� �!"#$%

&'()*+,-. Mg-Zn/� Mg-Al/��012

/3456�78

[1-7]

9:; AZ31 � AZ91 -<=>

?@AB)CDEF9Liu�

[8]

GH9Mg-Sn/��I

Mg-Zn� Mg-Al/���JKL�MNO�PQ9K

R�ST�UV�WXYZ9K���O[\]�)

Cheng�

[9]

GH9Mg-Sn/��I Mg-Zn� Mg-Al/

���JK���^_�9`ab��cde]f;

�JKg��h�)�D9Mg-Sn /��ijklm

�Jno78pq�rs���) 

78tu9����;vwxyz{|Ce	Nd	

Y	Er	Sc�}~����:�O��O����

[10]

)

Zhao�

[11]

78� Y|0.0%	0.5%	1.2%9����}

�vw. AZ91D��������������9�

� Y�vw9~������������9���

����� ���¡�¢)Qi�

[12]

78� Y|0.0%	

0.7%	 2.0%	 3.0%	 6.0%9����}�vw.

Mg-Zn-Mn ��������������9�� Y

�vw9~£¤�O^_�f¥9��¦�O�9�

��§����� ���¡�¢)Li�

[13]

78� Y

|0.2%9����}�vw. Mg-Nd-Zn-Zr����

¨H�� ©<���9���� Y�vw9~£¤

Nd	Znª«¬f¥�®��r�9�§¯����

� ��)°b9Y�vw. Mg-Sn/������

'78�±²³´µ¶) 

·¶¸¹78º»9¼78¸µE]f½�|O

��<]c¢}eS¾� Mg-2.5Sn� Mg-2.5Sn-0.2Y

��±m78.¿)ÀÁ9ÂÃ 2 Ä���eS2Å

�Æ]ÇÈ9�¨µE��]f½�É9�� Y�v

w. Mg-Sn��Æ]<����Ê:Ë9Ì����

�9ÍÎ�� Y�vw. Mg-Sn��ÏÐÑÌ�1m

���ÊÑË9Ò·�OÓ�]f�¼ÔÕÅ978

�� Y�vw. Mg-Sn��]ft�Ö×����Ê

Ø¾9ÔÒ 2Ä����w�Ù9Ú8�� Y�vw

. Mg-Sn��Ûw�����)¸ÜmÝ�����

Mg-Sn-Y���ÞßÎàá�âã½ä) 

1  �����

WÐ Mg-2.5Sn|����9%}� Mg-2.5Sn-0.2Y

|����9%}b=�@å�|99.99 %}	åæ|99.90 

%}�;Q�� Mg-30Y|����9%}�çèéê

ë;ìí4¥)¤= CO

2

� SF

6

±mîïðñ)ò=

éóô��õ«ö÷�Aø(ICP)ùúWû� �¥

�üt 1ýþ)���Wû� 500 �É01 10 h��

� �ß9���w�	
�� 10 mm	� 15 mm

�feS��)ò= MTS-CMT5105 é«���ã�

���eS�ã9eSO���m 250~400 �9<] 

 



2276                                       ®¯F°67 GH                                              � 48� 

� 1  �� !"#� 

Table 1  Chemical composition of the alloys (ω/%) 

Alloy Sn Y 

Mg-2.5Sn 2.45 - 

Mg-2.5Sn-0.2Y 2.33 0.18 
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Fig.1  Microstructures of test alloys before hot compression: (a) Mg-2.5Sn and (b) Mg-2.5Sn-0.2Y 
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Fig.2  True stress-strain curves of test alloys obtained from hot compression under different conditions: (a) Mg-2.5Sn, 10
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Fig.3  Peak stress of test alloys obtained from hot compression under different conditions: (a) 10
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Fig.4  Microstructures of test alloys obtained from hot compression under different conditions: (a) Mg-2.5Sn, 250 �/10
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Fig.5  SEM images of test alloys obtained from hot compression: (a) Mg-2.5Sn 400 �/10
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Fig.6  XRD patterns of test alloys obtained from hot compression: (a) Mg-2.5Sn, 400 �/10
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p

ln - lnσ ε

�

, (b)

p

- lnσ ε

�

, (c)

( )

[ ]

p

ln sinh - lnασ ε

� , (d)

( )

1

p

ln sinh -Tασ

−

 

 

,

 

and (e)

( )

p

ln - ln sinhZ ασ

 

 

  

20 30 40 50 60 70 80

 

�

�

�

�

�

�

�

�

�

�

�

•

•

•

•

�

I
n
t
e
n
s
i
t
y
/
a
.
u
.

2θ /(

o

)

  

 

� a-Mg

• Mg

2

Sn

a

20 30 40 50 60 70 80

�

�

�

�

�

�

�

�

�

�

•

•

•

♦

♦

 

 

 

� a-Mg

• Mg

2

Sn

♦ Sn

3

Y

5

2θ /(

o

)

b

-12 -10 -8 -6 -4 -2

2

3

4

5

Slope=0.3325

Slope=0.3234

Slope=0.2178

Slope=0.1356

 

 

l
n
(
σ

P

/
M
P
a
)

 250�

 300�

 350�

 400�

-10 -8 -6 -4 -2 0

0

35

70

105

140

σ

P

/
M
P
a

ε

-1

Slope=7.9875

Slope=10.6706

Slope=11.8219

 

 

 250�

 300�

 350�

 400�

Slope=11.0367

-10 -8 -6 -4 -2

-2

-1

0

1

2

3

4

ln(ε/s

-1

)

Average slope=0.4011

 

 

 

l
n
[
s
i
n
h
(
α
σ

P

)
]

 250�

 300�

 350�

 400�

0.0015 0.0016 0.0017 0.0018 0.0019

-2

-1

0

1

2

3

 

 

T

 -1

/K

-1

l
n
[
s
i
n
h
(
α
σ

P

)
]

 10

-1

 10

-2

 10

-3

 10

-4

Average slope=4927

-2 -1 0 1 2 3

12

14

16

18

20

22

24

26

28

 

 

Intercept=lnA=18.6265;A=1.228E8

l
n
Z

ln[sinh(ασ

P

)]

d 

c 

e 

b 

a 

ln(ε/s

-1

) 

· ln(ε/s

-1

) 

· 

250 � 

300 � 

350 � 

400 � 

 

250 � 

300 � 

350 � 

400 � 

 

250 � 

300 � 

350 � 

400 � 

ε=10

-1

 

ε=10

-2

 

ε=10

-3

 

ε=10

-4

 

· 

· 

· 

· 

Intercept=lnA=18.6265; A=1.228�10

8

 

α-Mg 

Mg

2

Sn 

Sn

3

Y

5

 

 

α-Mg 

Mg

2

Sn 



� 7 �                                 ������	 Y(0.2%)
�� Mg-Sn ��������                   �2281� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  Mg-2.5Sn-0.2Y ������� 

Fig.8  Constitutive equation fitting process of Mg-2.5Sn-0.2Y alloy: (a)
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Fig.9  Processing maps at true strain of 0.3: (a) Mg-2.5Sn and (b) Mg-2.5Sn-0.2Y 

 

���a�b�c�d����	
 

( )

( )

( )

( )

( )

2

ln lg

2 lg 3 lg

ln lg

m b c d

σ σ

ε ε

ε ε

∂ ∂

= = = + +

∂ ∂

� �

� �

   �11� 

( )

( )

[ ]{ }

( )

( )

( )

ln 1

2 6 lg

ln 1 ln10

m m

c d

m m

m m

ε

ε

ξ ε

∂ +

+

∂ +

= + = +

�

�

�

  �12� 

��������������������

��������� !"#$#%��&� 9'(	

��)*�������η�+,*�-./01

��23 ξ(ε

�

)40�56�7�� 9a�� 9b��

Mg-2.5Sn � Mg-2.5Sn-0.2Y 89:;<=� 0.3 >�

#%�	 

2 ?89�������@ABCD�EFG=

HIJ�KLMNOP��QRSTU	VW�,XY

:Z[�E\#]^ Y_`Mg-Sn89������Q

Ra 50%bc	de1f:g=H> Yhi_jk89

lmn^op]qrst=�uSvw89xyz{|

}~��� 2��=)*�� 4�]qrs����	

�� 2?89���56��U=���� 9���]

^ Y�\#_`Mg-Sn89��5T#���@:R

I�L<=P�56	��� 3�56 I: T=250~270 ��

ε

�

=0.004~0.1 s

-1

�II: T=265~320 �� ε

�

=0.0001~0.0003 

s

-1

�III: T= 350~400 �� ε

�

=0.01~0.1 s

-1

	 

Mg-Y 89:L<=P�=H����/�5�

��yL��<��oSH$����S�:���

 ¡��a¢<=£¤SH$¥¦

[23]

	:§¨©��

]^ Y�\#ª�« Mg-Sn89z{|}~	¬�

��® Mg-2.5Sn89�Mg-2.5Sn-0.2Y89:=H�

���y�L��<�¯n°�z{|}~±¢�>

²³�uSH$����]¥¦	:� 4b�q´¢�

����� 4d�q´¢�¥¦��¨d?µ¶	FG

NO>·�=H^�¯¸T#�]¥¦¹º»U¼½

¾¿ÀÁ¸¥��§À©� Mg-2.5Sn-0.2Y89: 250 

�NO>xy¸¥����	}8Â��ÃÄn�]

qrsÅAB���Mg-2.5Sn-0.2Y 89:�RI

J�L<=P�Æ�xy¸¥M�µ���+��µ

¶ � # % � � Ç 	 5 6 IV: T=290~340 � �

ε

�

=0.008~0.1 s

-1

� 5 6 V: T=345~400 � �

ε

�

=0.0001~0.003 s

-1

��#%ÈÉ5�VW56 IV�

������R�0.08~0.16��¯ÊËÌÍ=H#%	


 Mg-2.5Sn-0.2Y 89¼Îg#%��<Ï^:56

V: T=345~400 �� ε

�

=0.0001~0.003 s

-1

ËÐ	 

3  �  � 

1�:gNO����]^ Y\#�Mg-2.5Sn89

;<�-<=)*Ñ,<�.Ò1µ�Ó:<=P��

10

-2

�10

-3

�10

-4 

s

-1

>�]^ Y�\#_`Mg-Sn89g

NOÑ,<�T# 30%ÔXÕ:<=P�� 10

-1 

s

-1

>�

]^ Y�\#�89gNOÑ,<�.Ò¯U	 

2�]^ Y�\#_ª� Mg-2.5Sn89xyz{

|}~�S�:�RIJ��L<=P��gNO=

H>�`89�y����#PÖ×¸¥�Ø	 

3�2?89�<�Ù��� 2.493� 5.602Õ=H

1qÚÛn�� 102� 197 kJ/mol	]^ Y�\#_Ü

LMg-2.5Sn89<�Ù��=H1qÚÛn�`89Ý

Ä=HÞ��ß�à�=�áâ�ãä�åäà�	 

4�]^Y�\#_`Mg-2.5Sn89������

QR50%bc�T#g=H��5	Mg-2.5Sn-0.2Y89

¼Îg#%��<:56 T =345~400 �� ε

�

=0.0001 

~0.003 s

-1

ËÐ	 

0.13

0.16

0.18

0.10

0.21

0.23

0.26

0.079

0.29

0.13

260 280 300 320 340 360 380 400

-10

-9

-8

-7

-6

-5

-4

-3

-2

Temperature/�

 

 

�

�

�

�

�

0.35

0.30

0.25

0.40 0.45

0.50

0.20

0.55

0.60

260 280 300 320 340 360 380 400

-10

-9

-8

-7

-6

-5

-4

-3

-2

 

Temperature/�

a 

b 

l
n

(
ε
/
s

-
1

)
 

· 

Temperature/� 



� 7�                                 �����	
 Y(0.2%)��Mg-Sn���������                   �2283� 

������

��

���

����

��References 

[1] Zhou Mingyang(���), Su Xinxin(���), Ren Lingbao(�

��) et al. Rare Metal Materials and Engineering ( !�"

#$%&') [J], 2017, 46(8): 2149 

[2] Zhao Dongqing(()*), Zou Jixue(�+,), Liu Yunteng(-

./) et al. Acta Metallurgica Sinica(�",0)[J], 2014, 

50(1): 41  

[3] He Junjie, Jiang Bin, Yang Qin et al. Journal of Alloys and 

Compounds[J], 2016, 676: 64 

[4] Xu S W, Matsumoto N, Kamado S et al. Scripta Materialia[J], 

2009, 61(3): 249 

[5] Zhang Xiaohua(123), Jiang Jufu(456), Luo Shoujin(7

89). The Chinese Journal of Nonferrous Metals(:;!<

�",0)[J], 2009(10): 1720 

[6] Shen Liquan(=>?), Yang Qi(� @), Jin Li(A B) et al. 

The Chinese Journal of Nonferrous Metals(:;!<�",

0)[J], 2014, 24(9): 2195 

[7] Lu L, Huang J W, Fan D et al. Acta Materialia[J], 2016, 120: 86 

[8] Liu Hongmei, Chen Yungui, Tang Yongbai et al. Journal of 

Alloys and Compounds[J], 2007, 440(1-2): 122  

[9] Cheng W L, Park S S, You B S et al. Materials Science and 

Engineering A[J], 2010, 527(18-19): 4650 

[10] Zhang Lina, Jia Ruiling, Li Dan et al. Journal of Materials 

Science and Technology[J], 2015, 31(5): 504 

[11] Zhao Zude, Chen Qiang, Wang Yanbin et al. Materials 

Science and Engineering A[J], 2009, 515(1-2): 152 

[12] Qi Fugang, Zhang Dingfei, Zhang Xiaohua et al. 

Transactions of Nonferrous Metals Society of China[J], 2014, 

24(5): 1352 

[13] Li J H, Sha G, Jie W Q et al. Materials Science and 

Engineering A[J], 2012, 538: 272 

[14] Hakamada M, Watazu A, Saito N et al. Materials Science and 

Engineering A[J], 2010, 527(26): 7143 

[15] Xiao H C, Jiang S N, Tang B et al. Materials Science and 

Engineering A[J], 2015, 628: 311  

[16] Sellars C M, Mctegart W J. Acta Metallurgica[J], 1966, 9(14): 1136 

[17] Mcqueen H J, Ryan N D. Materials Science and Engineering 

A-Structural Materials Properties Microstructure and 

Processing[J], 2002, 322(1-2SI): 43 

[18] Zhao Hongda, Qin Gaowu, Ren Yuping et al. Transactions of 

Nonferrous Metals Society of China[J], 2010, 202: S493 

[19] Galiyev A, Sitdikov O, Kaibyshev R. Materials Transactions 

[J], 2003, 44(4): 426 

[20] Ren LB, Wu J, Quan G F. Materials Science and Engineering 

A-Structural Materials Properties Microstructure and 

Processing[J], 2014, 612: 278C

[21] Lu J W, Yin D D, Ren L B et al. Journal of Materials 

Science[J], 2016, 51(23): 10 464 

[22] Prasad Y V R K, Gegel H L, Doraivelu S M et al. 

Metallurgical Transactions A[J], 1984, 15(10): 1883 

[23] Sandloebes S, Zaefferer S, Schestakow I et al. Acta 

Materialia[J], 2011, 59(2): 429 

 

 

Effect of Yttrium Addition (0.2%) on the Hot Compression Behavior of the As-cast  
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Abstract: The uniaxial hot compression tests of cast Mg-2.5Sn (wt/%) and Mg-2.5Sn-0.2Y (wt/%) alloys were conducted on an 

MTS-CMT5I05 universal testing machine at 250~400 °C and the strain rate of 10

-4

~10

-1

 s

-1

 with strain of 40%. The effect of yttrium (Y) 

addition content (0.2 %) on the hot compression behavior of the cast Mg-Sn alloy was investigated by true stress-strain curves, peak stress, 

microstructures, constitutive equation, and DMM processing maps. The results show that the Y addition increases the peak stress of Mg-Sn 

alloy by more than 30% at low strain rate, but it has little effect on it at high strain rate. Deformation mechanism is changed from the lattice 

diffusion to dislocation slip and climb. In addition, Y retards the dynamic recrystallization, reduces the efficiency of power dissipation and 

expands the flow instability area. 

Key words: Y content; Mg-Sn alloy; thermal deformation behavior; deformation mechanisms; processing map 
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