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Fig.1  Nanoindentation tests performed on a (100) Ir single 

crystal surface using Berkovich tip: (a) the first pop-in of 

load-displacement curve and Hertzian fitting curve for the 

elastic portion and (b) load-displacement curve 
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Fig.2  Cumulative probability as a function of the load (a) and 

the shear modulus (b) for (100) and (110) Ir single crystals 
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Fig.3  Variation of formation energy ∆G of dislocation loop with 

the loop radius r for the homogeneous nucleation 

mechanism under different stresses: (a) τ

max

=26 GPa and 

(b) τ

max

=38 GPa 
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Fig.4  Relationship between of ln[–(1–f)] versus τ for Ir (100) 

and (110) single crystals  

C

P A Cσ=

                            (12) 

2

C

24.5A h=

                           (13) 

Ts

12

t¨s

13

t
�

A

C

C

Berkovich

�µ¶·�¸

¹º��

C

C»¼���S� ½L���»¼��

¾¿C

2

À

3

[26]

�"�Á¾

C=3

Â

σ

CÃ�

h

C��

´%��Ã

σ

�bÄÅpÆ�D

σ=σ

friction

+σ

Taylor

�Ç

¦

σ

friction

CÈÅÉÊÃ��¦

Taylor

ÃABCD

T aylo r t

M G bσ α ρ=

�E


ρ

t

CË���%�

M

C

Taylor

����K¾¿

3

Â

α

CªN���Ì�¾Í�

��ÎÏ��K¾¿"

0.3~0.5

�b�ÐÑ3�µ�Ò

��ÃÓÔ�"�Á¾¿

0.5

�

b

CÕÖ×��

G

C

ØÙÃ�45+®%¯°�

ρ

t

=ρ

SSD

+ρ

GND

�E
�

ρ

SSD

C Ú = Û Ü � � � % s

statistically stored 

dislocation

t�CÝÞ
ßà����%�

ρ

GND

Cáâ

+ ,  � � � � % s

geometrically necessary 

dislocation

t�@�µ,ã@´%WA�

ρ

GND

ä'1(

)CD

2

GND

3

3 1 tan

2 F bh

θ

ρ =

Â

F

CZA���X+,

Óåæ@�µ¸¹åæ��¿�

θ

C(º@�µ~�

ç �S�

Berkovich

�µ�

tanθ=0.358

�

 

S�+,�����%�" TaylorèT@+®

%¯°
�éê23���%�Óq"�DTaylor è

TXëSìíî[+,VC��ïð3ñíòó�í

ôÔ�b�Û"õö÷�øù�ú¸�Â+®

%¯°ûXCüýÍñíõ%��õö÷�89�

:0�þ��ý�ü" � 100 nm´%&�õö÷

��

[26,27]

�C�!õö÷�`a��Á��°MN


 � 400 nm´%MN|����%� 

S��o±Y�î[+,�	��´% � 400 

nm�MN�UV P-hde�fg�	c 5)Â¾ù


´%��MNL5�fg=lÎ�i( 1 )��

3fgL5 ρ

SSD

é"
#YL��s~10

13

m

-2

t��

*�����!�+��(yüo��"+,
��

�%�+��QÂø� ρ

GND

�ZA�� Fé" 2���

S� ½L�����F>1

[25]

� 

1omn(100)ºC��=l�3S��´%�

� ρ

SSD

uρ

GND

uρ

t

"�Y��´%��L¿ic 6�b

c 6 '1w*���e�()Ú=ÛÜ���%��

�X�K��&����%�é" 10

13 

m

-2

L��Â

��e�()áâ ����%�Xb��µ�!"

���X+®%¯°�#�Æ�Åp�$��´%

�����%Â&�e�()Ë����%�'´%

( 2500 nm��Ë���%)*ó 1.1×10

14 

m

-2

�"+

,
�õö÷"+!���´%�,-j �&.

Î�@ Balk 67MNÎ��C��o�+,��� 

�� �� �� �� �� ��

�

	���


	���


15    18    21    24    27    30 

τ/GPa 

1

0

–1

–2

–3

l
n
[
–
l
n
(
1
�

f
)
]
 

(110) 

(100) 



� 1�                                 ������	
�������������                           �259� 

 

 

 

 

 

 

 

 

 

 

� 5  �����
�	� !��"# 

Fig.5  Fitting curve of elastic plastic deformation of Iridium 
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Fig.6  Three kinds of dislocation density of Ir(100) single crystal 

changed with the indentation depth  
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Abstract: The brittleness of Ir single crystal in nature has attracted more attention because it is a fcc metal. In this paper, nanoindentation 

experiments were performed on the (100) and (110) planes of Ir single crystal. The results show that the dislocation activation volumes of 

Ir single crystal are calculated to be 1.09>10

-3

 nm

3

 and 1.23>10

-3

 nm

3

 for the (100) and (110) planes, respectively, based on the first 

pop-in data from load-displacement curves. These results clearly demonstrate that the formation of dislocation is probably nucleated 

heterogeneously from point-like defects, while for the homogeneous nucleation, the activation energy should reach 60.57 eV, and the 

activation radius reaches 1.971 nm. In the plastic deformation of Ir single crystal, the deformation dislocation density is found to be the 

order of 10

14

 m

-2

, which agrees with the previously reported data, implying that the anomalously high dislocation density does not exist in 

this nanoindentation experiment. The brittle fracture of Ir in nature may be attributed to the extremely small dislocation activation volume, 

leading to a large number of dislocation sources and severe dislocation interaction. 

Key words: Ir single crystal; nano indentation; heterogeneous nucleation; dislocation density  
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