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Table 1  Purity and particle size of experimental raw material 

powder 

Powder Fe C Si Cr Mn 

Purity, ω/% 99.5 99.9 99.9 99.9 99.9 

Particle size/µm 20 50 10~40 20 10~50 
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Table 2  Process parameters of ball milling 

Ball mill 

ratio 

Chemical 

formula 

Speed/ 

r·min

-1

 

Time/h Gas 

10:1 (Fe
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 1  �������������� SEM�� 

Fig.1  SEM morphologies of each powder after uniform mixing in proportion: (a) Fe
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Fig.2  XRD patterns of each powder after uniform mixing in 

proportion 
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Fig.3  SEM morphologies of powder after ball milling for 90 h: (a) (Fe
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Fig.4  XRD patterns of each powder after ball milling for 90 h 
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Fig.5  SEM morphologies of powder after pickling: (a) Fe
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 6  9:��, XRD� 

Fig.6  XRD patterns of each powder after pickling 

 

� 3  �������	
��� 

Table 3  Magnetic properties of the powder after ball milling 

with pickling 

Powder 

Fe

3

C 
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s

/A�m

2

�kg

-1
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74.489 89.453 
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Fig.7  Hysteresis loops of monophase cementite after pickling 
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Table 4  Cohesive energy (E

c

) and formation energy (E

f

) of  

(alloy) cementite 

Model 

Substitution 

site 

E

c

/eV·atom

-1

 

E
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/ 

eV·atom

-1
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8d -6.665 0.0110 

Fe

2

Mn

1

C 

4c+8d -6.643 0.0324 

4c -6.756 0.0257 

8d -6.752 0.0292 

Fe

2

Cr

1

C 

4c+8d -6.745 0.0363 

4c - 1.4363 

(Fe

11

Si

1

)C

4

[9]

 

8d - 1.2815 

 

9����Cr-C�Mn-C�Fe-C��(Fe

0.95

Cr

0.05

)

3

C�

(Fe

0.95

Mn

0.05

)

3

C�Fe

3

C 	���V����F�Cr "

Mn�����9	 Feghd�}ÌK���	�V

�7�Qv<�Cr�Mn �mÌ�d�
����

���F�g�
���	�����m SiÌ��


������Y�H}Ì�Si�����9	 Fe

ghKLi®
���	��

[9]

7 

�������

1ÁÑQ&©ª
�$���_ Fe-C jk��

�«¬rx�$®¯Ú���À���3XÎß$

�l =���À�7 

2ÁSi 	Ì���i®K���	(���Ì�

Mn�CrdG���(��g�h&7 

3ÁCr�Mn
�	���ÀÐz"#�<HD

lm°JEÂ Fe

3

C�É�F�/ Cr�m	MNeY7 

4) ôõ�g�óö�pRS�
���9� 

�<H Cr-C�Mn-C�Fe-C�Cr/Mn
�����

��F�� Fe

3

C�(Fe

0.95

Mn

0.05

)

3

C�(Fe

0.95

Cr

0.05

)

3

C 	

���V���^_�Cr/Mn 
��������

F�g�
���	��7 

 

����    References  

[1] Li Zhongfang(>?@). Study on Preparation and Properties 

of Carburized Magnetic Powder(*+,-.�,�/0�

.2AB)[D]. Jinan: Shandong University, 2012 

[2] Gavriljuk V G. Materials Science & Engineering A[J], 2003, 

345(1): 81 

[3] Sasaki T, Yakou T. Wear[J], 2006, 260(9): 1090 

[4] Zhang Xiaodan(CDE), Andrew G , Liu Wei(F G) et al. 

40 50

• Fe

3

C

Fe

3

C

(Fe

0. 95

Mn

0.05

)

3

C

(Fe

0. 95

Cr

0. 05

)

3

C

(Fe

0. 95

Si

0.05

)

3

C

•

•

•

•

• •

•

•

•

•

�

•

� Fe

�

�

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

2θ  /(

o

)

-15000 -10000 -5000 0 5000 10000 15000

-100

-50

0

50

100

-400 -200 0 200 400

-9

-6

-3

0

3

6

9

 

 

M
a
g

n
e
t
i
z
a
t
i
o

n
 
I
n

t
e
n

s
i
t
y

,
 
M

/
A
·
m

2

·
k

g

-
1

Magnetic Field, H/�10

-4

 T

 Fe

3

C

 (Fe

0.95

Mn

0.05

)

3

C

 (Fe

0.95

Cr

0.05

)

3

C

� �

�



� 1�                                  !"#$��%&'()*+,-.�,/01.2�34                    �171� 

Metal Heat Treatment(��HIJ)[J], 2009, 34(9): 1 

[5] Maruyama N, Tarui T, Tashiro H. Scripta Materialia[J], 2002, 

46(8): 599 

[6] Toshimi Tarui, Naoki Maruyama. Tetsu-to-Hagane[J], 2004, 90: 

1031 

[7] Umemoto M, Liu Z G, Masuyama K et al. Scripta 

Materialia[J], 2001, 45(4): 391 

[8] Chaira D, Mishra B K, Sangal S. Journal of Alloys & 

Compounds[J], 2009, 474(1): 396 

[9] Jang J H, Kim I G, Bhadeshia H K D H. Computational 

Materials Science[J], 2009, 44(4): 1326 

[10] Lv Z Q, Fu W T, Sun S H et al. Journal of Magnetism and 

Magnetic Materials[J], 2011, 323: 915 

 

 

 

Effect of Alloying Elements on Single-Phase Cementite Prepared  

by Mechanical Alloying 
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Abstract: Single-phase cementite powders were prepared by mechanical alloying and vacuum annealing heat treatment methods. 

Combined with first-principles calculations, the effects of the addition of Mn, Cr, and Si on the phase formation ability and magnetic 

properties of cementite were analyzed. Results show that single-phase cementite can be obtained by mechanical alloying+600 °C vacuum 

heat treatment. The addition of Si completely inhibits the formation of cementite, while the addition of Mn and Cr promotes the formation 

of cementite. The saturation magnetization and coercive force of Cr and Mn alloyed cementite are lower than those of pure and unalloyed 

Fe

3

C, and the effect of the reduction range caused by the Cr element is greater. The chemical bonding strength of Cr-C, Mn-C and Fe-C in 

cementite decreases in turn, and the structural stability of Cr-and Mn alloyed cementite is better than that of the pure Fe

3

C. 

Key words: mechanical alloying; cementite; magnetic properties; first principles  
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