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Table 1  Chemical composition of electroplating nickel 

plate (ω/%) 

C Si Mn P S Co Ni 

0.0063 0.0473 0.027 <0.010 0.0010 <0.010 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

» 1  ¼�½�7��» 

Fig.1  Original plate and sample 
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��tw	xyº»´¹�I{¼½ 1 mm/min5¾�

���¿ÀÁÂÃ�Y"��SÄÅ� �� Æw

Ç 2 mm��Â¼½ 0.2~0.6 m/s�"ÈÉÊËÌ¢54

FEG-450 ÍÎ_ÏÐÑ�O��Ò(SEM)�Óº»´

�ÔÕXÖ×q4D8ADVANCE«XÏØÙÏÚ(XRD)

U������Jcb�­y9Û��×4 FEI Nova 

Nano SEM 430 Î_ÏÐÑ�Ò�Ó��´�	ÁÅ

�OÜc�OÝÞÏÜßEBSDà�I¼�Æ� 15 kV×

4 JEM-2010 «Î_ÏáÏ�O��ÒUâ¹´�	

�������Ó��OI¼�Æ� 200 kV5 
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µ 2 n����ãäÐÑ�O��Òw	åæX

Ö5SEMçè"�¨"È��éè�ê½� 1 mm�

ëì���d���d2�éè�íîï�ðñ5 

µ 3 §¨�����	 XRD µò5�" A ��

��G	óæ�B�C �����	ìæ5XRD �� 

 

 

 

 

 

 

 

 

 

 

 

» 2  �?@ABÀÁ± SEMZ� 

Fig.2  SEM image of a cross-section of the electrolytic 

nickel plate 

 

 

 

 

 

 

 

 

 

 

 

» 3  �?@A> XRD»Â 

Fig.3  XRD patterns of the electrolytic nickel 
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» 4  �?@AqÃÄÅ»7q�rsÆÇ» 

Fig.4  Grain boundary contour map (a) and the grain size 

distribution (b) of the electrolytic nickel 
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Û�^µ 5a§¨5���Ó*�oÇ��ab��½

200~ 400 nm5��­yKð	ab�L·��ðñM

NXJKu;5oÇ­yBO	abKu�LPeJ

V Q«����R 2 Ibk	mS� 70.35°5�*X

J	abh·C�TU�V���	b�Ku"��

��Ç	&e5�í EBSD bh���_`abh"

W3 bhXÇ�s
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5YùUÙÏZ�	bæÈ[�

�\��)*ß111à�ß200à�ß220à2 3I]%bæ�

øô��� !	���^�æ_`}���^µ 5b

§¨5 
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�É�éècaX�éè 2 bcd��efg·

ßµ 1Xyàc¶C}yßµ 1Yyà­�U����

��º»´¹�´�\h�g·X��éèßX1à�

g·É�éèßX2à�¶CX��éèßY1àc¶C

É�éèßY2à�ibcd�� 3 Å´¹5µ 6 ��

���/�b�	3
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½lB�O�ö½mç X1�X2�Y1�Y2	no¤Å

pã�4 bcdw����	kºö½pq��r
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» 5  �?@A> TEMmÊË 

Fig.5  TEM bright field image of the electrolytic nickel: (a) twins; 

(b) twin boundary and SAED pattern 

 

 

 

 

 

 

 

 

 

 

» 6  �?@A>ÌJ-ÌYÍÎ 

Fig.6  Stress-strain curves of the electrolytic nickel 
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Table 2  Tensile properties of the electrolytic nickel 

Sample R

m

/MPa 

m

R

/MPa δ/% δ /% 

 461  17.2  

X1 440 445 17.6 17.4 

 435  17.4  

 428  20.3  

X2 420 423 19.8 20.3 

 422  20.8  

 415  14.7  

Y1 410 412 16.1 15.3 

 412  15.2  

 395  18.4  

Y2 400 393 18.3 18.4 

 385  18.5  

 

Y2}y·îkºö½� 393 MPa��ã� 385 MPa×

X1}y·îkºö½� 445 MPa��sz* 461 MPa×

X2}y	Ô{»�|·î� 20.3%�n 4I}y"»

�|�o	×Y1}y	Ô{»�|·î� 15.3%�n
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�J	
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» 7  �?@A>yÏ��Z� 

Fig.7  Fracture morphologies of the electrolytic nickel: 

(a) Y2 and (b) X1 
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U� 6 �´����½�´�^¦ 35����

�WXú½�I��½q���	G 73 HRB "#�

o* 97 HRB ���øô�� ùú"_�+ô�	

I>��`²5�WXÇz* 85%�&��E´�   

� �G 0.8 mm��½´¹õ`¡���½q� !
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µ 8������BO� WXÇw	 XÏØÙ
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æ	��§p TC(texture coefficient) ~¦Û���� 

� .��/012345$6789:�

Table 3  Rockwell hardness value of the different deformed 

electrolytic nickel 

ξ/% HRB ξ/% HRB ξ/% HRB 

 71.6  90.0  78.1 

0 72.2 50 90.2 85 80.7 

 75.3  90.4  82.3 

 80.6  97.3  62.0 

30 81.4 70 97.5 90 62.8 

 83.1  97.7  63.0 

 

 

 

 

 

 

 

 

 

 

 

 

» 8  ^N`aYZu��> XRD»Â 

Fig.8  XRD patterns of different deformed electrolytic nickel 
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Table 4  Diffraction intensity and coefficient of preferred 

orientation of the different deformed electrolytic 

nickel 

Diffracted intensity/cps  TC/% 

ξ/% 

(111) (200) (220)  (111) (200) (220) 

Ni(PDF#04) 100 42 21  — — — 

0 2767 11600 333  8.7 86.3 5.0 

30 923 1560 307  15.1 60.9 24 

50 610 1415 305  11.2 62.1 26.7 

70 985 1585 855  11.15 42.74 46.1 

85 1115 1100 1470  10 24.4 65.6 

90 715 1095 1040  8 31 59.8 

98 870 880 2070  6.7 16 76.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

» 9  �?@A EBSD» 

Fig.9  EBSD images for electrolytic nickel (a) and the sample 

with rolling degree of 90% (b) 
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» 10  a\YZ 90%O��q�rsÆÇ» 

Fig.10  Grain size distribution of the rolled electrolytic nickel 

with rolling degree of 90% 
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» 11  a\YZ�_ 90%>�?@AqÃÐ_ÆÇ» 

Fig.11  Angle of grain boundary distribution of rolled electrolytic 

nickel with rolling degree of 90% 
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Microstructures Characterization of Micro/Nanocrystalline Electrolytic 

Nickel Plates by Cold Rolling Deformation 

 

Xia Tiandong, Guo Longbang, Zhang Han, Qiao Jisen 

(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals Materials, Key Laboratory of Non-ferrous Metal 

Alloys and Processing of Ministry of Education, Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The mechanical performances and microstructures of the commercial electrolytic nickel plates were studied. In order to explore 

the mechanical behavior of metal in the plastic deformation, in particular, several cold rolling with different deformations were imposed on 

the electrolytic nickel plates. The results show that the micro/nanocrystallines with sizes of 0.5~1.5 µm exist in the electrolytic nickel. At 

the same time, there are growth twins in the microstructures. The tensile strength of the nickel is from 385 MPa to 461 MPa, and in the 

vertical direction of the beginning-less product it reaches the lowest (385 MPa), and in parallel direction of the beginning product reaches 

the highest (461 MPa) and the fracture has a typical plastic dimple fracture morphology, which shows the electrolytic nickel has good 

plasticity and toughness. For the nickel by cold rolling with 90% deformation, the grain size decreases obviously. The hardness of the metal 

increases gradually with the increase of deformation, and the work hardening phenomenon exists in nickel metal. The cold rolling process 

causes the random original grain orientation to prefer to some selected orientations. When the cold rolling deformation reaches 98%, the 

texture coefficient of crystal face TC

(220)

 is equal to 76.4%, and a deformation texture appears in the (220). 

Key words: micro/nano nickel; mechanical behavior; cold rolling; work hardening; texture 
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