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Table 1  Composition of NiCrAlFe precision resistance alloy 

and electronic structure of the elements 

Element Ni Cr Al Fe 

Content/at% 69.79 21.21 6.54 2.47 
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Fig.1  Structure models of Ni unit cell (a), RSS (b), Ni
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Al (c), Ni
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Cr (d), Ni
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(AlCrFe) (e), and Ni
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(CrAlFe) (f) superlattice
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Table 2  Cohesive energy and total energy of the superlattices 

Superlattice 

Cohesive energy, 

E

coh

/eV·atom

-1

 

Total energy, 

E

tot

/eV 

RSS 137.1501 –42 998.96 

Ni

3

Al –8.7256 –33 661.40 

Ni

3

Cr –9.9985 –51 969.08 

Ni

3

(AlCrFe) –9.8127 –48 114.80 

Ni

3

(CrAlFe) –9.8583 –48 113.19 

�óÊÁ�qrÈ�g�Ni

3

(AlCrFe)�q�<ª

Ni

3

(CrAlFe)¤��~
À��/�Ì+,;±2¤��

ÂÃ���Ì��õÄû��2ñò�ÊåD��Um

g�{ 2 	qrN�U<hi��Ååj�ÆÇ2

[22]

��àh�Ê Ni-Cr-Al��gùÊ L1

2

!nqr®_�

7g Cr� AlR8�:µrN´�sÈd4�KL[14]

�i�p!©õ Mn� RE� NiCrAlFe��g�!n

*ÒÊ#â@&'�(y���!hieÜn(É&

|}�Q�����	eÜ!ÊËÌ�:¶84d�

��Û5Ê�Íg`º¶8	��eÜH�iî�{

Ê�,m&jzª¶8!n$3g Cr � Al ���Î

Ï¶8!¥� 

Û$37<õU
¹h���g Cr$AleÜ�:

s4���!nqr$37<õI�ï1�,nq

r�6 Ni

3

(AlCrFe)� Ni

3

(CrAlFe)�7<õ²ì¤8�

®�{ 2	qr�+,;¤��Û5ùÊ Cr$AleÜ

R8�:µrN´4ds4�U<;�{ªÆÇ

[22]

2

Ô���q?�2�-öÀ�!nqr Ni

3

Al$Ni

3

Cr

�$37<õU
¹h�Ni

3

Cr�+,;#� Ni

3

Al�

ª���

[13]

2Ô��q?�2�{®�ì��Ö��

È��ÁÂ´���Y�� 

��������
� !"�

�j��¶8O3È�g Ni$Cr$Al$FeeÜÚ

�¤A���âYÁÂj7P�&oDOSp�â�P

�&oPDOSp�q?Fg 2~G�<õ*� 0X®G

<=<>����Û DOS gglUwÐÑ�<;Ò

opseudo gapp�ÓÔ�QÊ<=<>ÕÖâY! 2S

×Ø��<;�±)�¯aÙj�%'º
�RÚ;¾

Û��7ÎCV�RÚ
Î¾�aKÎÛ�P�&��

ÑRÜÒ�º
�ÝÞ�RÜÎ�ïº
Î¾

[23]

� 

g 2 ïGj�O3È��7P�&�â�P�

&�±g 2a �i�� NiCrAlFe ��X�,nV�º


�Ü
�âß�–5.72~1.47 eV$3.11~5.22 eV$

36.2~42.4 eV� 46.3~66.9 eV 4S*Ú�7 PDOSg®

�
�eªº
���eÜ� 3pà§� 

-g 2b � Ni

3

(AlCrFe)O3Ïº�º
�Ü
�

ágÊ–72.8~ –70.8 eV$–44.4~ –42.4 eV�–9.29~25.6 

eV 3S*Úó9: PDOSgâU
�ï¹hÊ<=<

>Xã�–5~0 eV*Ò!º
Ø�� Fe 3d$Al 3p$

Ni 3d� Cr 3dà§�{ 4ä¶8à§�û¸á2 DOS

gg<=<>ã�hij×å�RÜØ�®� Fe$Al$

Ni$CrÊ{æ¾çº
óÊ–72.8~

 

–70.8 eV�–44.4~

 

–42.4 eV 2S*ÚvâY�± Cr 4s� 3pà§èéº


�Ü� 

Ê Ni

3

(CrAlFe)O3gog 2cp�º
�Ü
�á 



¯4162¯                                          °5'9����                                            � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 2  ·¸¹º´XZ»\]^U<G\]^± 

Fig.2  Partial and total electronic density of states of different superlattices: (a) RSS, (b) Ni
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(AlCrFe), and (c) Ni
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(CrAlFe) 
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Table 3  Lattice parameters and volume of the superlattices 

Superlattice a/nm b/nm c/nm V/nm
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Fig.3  HRTEM images (a, c) and FFT patterns (b, d) of as-solutioned (a, b) and as-aged (c, d) samples 

a 

200 

111 

111 

200 

111 

011 

100 

b 

c 

d 



¯4164¯                                          °5'9����                                            � 49� 

!�ïZc�À�{�!nqr�«¬ôdø)� 

MNO3È�V�-���eÜö45j�iü

XXY�ªåDºâùÊZc�56��g¶U��

ÌùÊ�õûÙ�{�á2$-d(�å°*ªÁÂ

*��©õ�Z�
�efo® 3p�±g 3b °�,

nRS%�$-d(� 0.726 nm�%�� 0.383 29 

nm

3

�Uí`º!nqrZ�$-d(./j 1.79%�

ªKL[14]�°çq?o1.6%p¤��Ååj�$-

./�!n¸®_�díiî

[26,27]

� 

ÁÂ®��NiCrAlFe ��g�L1

2

!nqr�h

i[wx��"\#�5#��"m�������

�
�;<K��~
�U@��RS�VWXYÏ

��!nqr
�� !#���ÑK-OPÒ���

����¥
:·�°ç�i�RSP�VWP�Í

���"âY� 1.214� 1.344 Ω·m�VWXYZ�L1

2

!nqr�`º÷��"è#j 10.7%���j��

��;<��o1.30 Ω·m
jp� 

��������

1) ×�;eYÁÂq?®��`º!nqrV�

��<õb1�56 Ni$Cr$Al$FeeÜ[¾çº
�

Û5è#+,;óHRTEM åæCå�RSP��T

VWXYZhij L1

2

!nqr� 

2) -ö,nRS%qrª L1

2

�!nqr<=<

>X�P�&*�i�F��á�<� ¾�5`º

L1

2

!nqrV��"[\#óåæq?v®��V

WXYZ������"�RSPè#j 10.7%� 

3) Ûq�<$P�&��âP�&ÁÂq?Ï

¹�L1

2

!nqrg�,\ Cr eÜl� Al eÜ��

µrN´4dsÈ�7+,;�º
ÎÏ²ì�2�

��_¸"�0z¤8�®�{ 2 	ÎÏIUÊ��

ghió8V�2 	 L1

2

!nqr�$-d(�$3

%��ÁÂ*Iªåæ°ç*²ì�2� 

 

����    References 

[1] Fang Chengqiu(HÃÄ), Sun Ding(Å Æ). Journal of Instru- 

ment Materials(/r��)[J], 1981(4): 42 

[2] Thomas H. Zeitschrift für Physik[J], 1951, 129(2): 219 

[3] Fang Chengqiu(HÃÄ). Journal of Instrument Materials(/

r��)[J], 1979(3): 19 

[4] Wang Yong(Ç È), Yang Xianjun(ÉÊË), Yu Wenxin(ÌÍ

Î) et al. Materials Reports(��§Ï)[J], 2019, 33(24): 4131 

[5] Starenchenko S V. Russian Physics Journal[J], 2012, 54(9): 

965 

[6] Yang Xianjun(ÉÊË), Wang Yong(Ç È), Xu Yonghong(Ð

ÑÒ) et al. Process Automation Instrumentation(012/

r)[J], 2018, 39(6): 54 

[7] Zhang Mingang(ÓÔÕ), Sun Na(Å Ö), Guo Yanping(×Ø

Ù) et al. Rare Metal Materials and Engineering(°5'9�

��� )[J], 2017, 46(3): 864 

[8] Zhou Zeyou(ÚÛÜ), Wu Bo(Ý G), Zheng Xiaoqing(Þßà) 

et al. Rare Metal Materials and Engineering(°5'9���

� )[J], 2019, 48(3): 879 

[9] Dudova N R, Kaibyshev R O. Journal of Physics: Conference 

Series[J], 2010, 240: 012 081 

[10] Dudova N R, Kaibyshev R O, Valitov V A. The Physics of 

Metals and Metallography[J], 2009, 108(6): 625 

[11] Wen Ping(Í E), Li Chunfu(áâã), Zhao Yi(ä å) et al. 

Acta Physica Sinica(æB�Ï)[J], 2014, 63(19): 280 

[12] Niu Xuelian(çèé), Wang Lijiu(Çêë), Sun Dan(Å ì) 

et al. Acta Physica Sinca(æB�Ï)[J], 2013, 62(3): 318 

[13] Zhang Caili(Óíî), Li Jinmin(áïÔ), Han Peide(ðñò) 

et al. Rare Metal Materials and Engineering(°5'9��

�� )[J], 2008, 37(10): 1705 

[14] Wang Y, Jiang D C, Yu W X et al. Materials and Design[J], 

2019, 181: 107 981 

[15] Gross E K U, Kreibich T, Lein M et al. Electron Correlations 

and Materials Properties[M]. Boston: Springer, 1999: 393 

[16] Perdew J P, Burke K, Ernzerhof M. Physical Review Letters 

[J], 1996, 77(18): 3865 

[17] Shang Jiaxiang(ó�ô), Yu Xianyang(Ìlõ). Acta Physica 

Sinica(æB�Ï)[J], 2008, 57(4): 2380 

[18] Monkhorst H J, Pack J D. Physical Review B: Condensed 

Matter[J], 1976, 13(12): 5188 

[19] Tan J, Han H, Wickramaratne D et al. Journal of Physics D: 

Applied Physics[J], 2014, 47(21): 215 301 

[20] Feng J, Xiao B, Chen J C et al. Solid State Sciences[J], 2009, 

11(1): 259 

[21] Verma A, Singh J B, Sundararaman M et al. Metallurgical 

and Materials Transactions A[J], 2012, 43(9): 3078 

[22] Chu Zhong(ö ÷), Chen Zheng(ø ù), Shi Yunxia(úûü) 

et al. Journal of Central South University of Technology(�

ý�þ���Ï)[J], 2008, 15(5): 588 

[23] Saikia N, Pati S K, Deka R C. Applied Nanoscience[J], 2012, 

2(3): 389 

[24] Huang Zhiwei(���), Zhao Yuhong(ä��), Hou Hua(� 

�) et al. Rare Metal Materials and Engineering(°5'9�

��� )[J], 2011, 40(12): 2136 

[25] Arioka K, Miyamoto T, Yamada T et al. 15

th

 International 

Conference on Environmental Degradation of Materials in 



� 12�                            ���cµNiCrAlFe®]jx&'�Z L1

2

X5OST
¶                       ¯4165  ̄

Nuclear Power Systems-Water Reactors[C]. Tokyo: 

Zairyo-to-Kankyo, 2012: 55 

[26] Kim Y S, Maeng W Y, Kim S S. Acta Materialia[J], 2015, 83: 

507 

[27] Gwalani B, Alam T, Miller C et al. Acta Materialia[J], 2016, 

115: 372 

 

 

L1

2

-Type Ordered Structures in NiCrAlFe Precision Resistance Alloy 

 

Huang Shudong

1

, Wang Yong

1

, Yang Xianjun

2

, Xu Yonghong

2

 

(1. College of Materials Science & Engineering, International Joint Laboratory for Light Alloys, 

Ministry of Education, Chongqing University, Chongqing 400044, China) 

(2. Chongqing Chuanyi Metallic Functional Materials Co., Ltd, Chongqing 400702, China) 

 

Abstract: Using the first-principles pseudopotential plane-wave method, the binding energies, density of states and lattice constants of a 

NiCrAlFe precision resistance alloy were calculated based on the disordered solid solution and L1

2

-type ordered structures. The 

microstructure of the alloy was analyzed by high-resolution transmission electron microscope (HRTEM). Also, the electrical resistance of 

the alloy was measured after solid-solution and aging treatment. From the binding energy point of view, the L1

2

-type ordered structure is 

more stable than the disordered solid solution structure. The calculation results of density of states and partial density of states show that in 

the L1

2

-type ordered structure, Ni, Cr, Al and Fe atoms bond with each other more strongly than they do in the disordered solid solution 

structure. Thus the stability of the alloy is improved. In fact, L1

2

-type ordered structure is revealed by HRTEM in the as-aged alloy, and its 

lattice parameters are close to the calculated results. According to the comparison of density of states at the Fermi level of different 

structures, the electrical conductivity of the alloy decreases due to the formation of L1

2

-type ordered structure compared with that of the 

disordered solid solution structure, which is consistent with the experimental results. 

Key words: precision resistance alloy; first-principles; HRTEM; L1

2

 ordered structure; disordered solid solution 
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