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Explanation based on electron theory for
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Abstract: Based on the empirical electron theory in solids and molecules, the calculation models and methods of valence
electron structure of the phase in Cu-Cr alloy were established. The valence electron structures of phase were calculated,
and the alloying behavior of alloying elements and the solid solution strengthening behavior were explored from the
valence electron structures of phase. The concept and calculation methods of solid solution strengthening factors were
advanced. The results show that the solid solution strengthening factors can express the solid solution strengthening of
alloying elements to matrix, which accords with the experiment.
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Fig.1 Structure model of Cu cell
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Table 1  Valence electron structure of Cu cell (6=9, n.=4.550 4, nj=1)

Bond name 1, D(ng) /mm D (ny)/nm AD(n,)/nm g Ey/(kI'mol ™"
D(ny) 12 0.255 619 0.255 150 0.000 469 0.375 402 77.018 110
D(np) 6 0.361 500 0.361 031 0.000 469 0.006 454 0.935 774
D(nc) 24 0.442 745 0.442 267 0.000 478 0.000 286 0.0338 130

2 Cu-Cr

Table 2 Valence electron structure of Cu-Cr cell (o: Cu® 13, Cu' 10, Cr9; Yn.=18.216 2; ¥ n=4.794 5)

Bond name Iy D(n,)/nm D (ny)/nm AD(ny)/nm g E/(kJ-mol™)
D(Cu’-Cu’)(n,y) 16 0.255 619 0.255 634 0.000 014 0.358 047 73.992 800
D(Cu®-Cr)(np) 8 0.255 619 0.255 634 0.000 014 0.386314 122.281 000
D(Cu™-Cr)(n¢) 16 0.255 619 0.255 634 0.000 014 0.396 376 124.520 400
D(Cu"-Cu)(np) 8 0.255 619 0.255 634 0.000 014 0.367 373 75.331 830

D(Cr-Cr)(ng) 4 0.361 500 0.361514 0.000 014 0.007 352 2.500 250
D(Cu"-Cu)(np) 8 0.361 500 0361514 0.000 014 0.006 316 0915776
D(Cu®-Cu®)(ng) 6 0.361 500 0361514 0.000 014 0.005 999 0.883 456
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Table 3 Phase structure factors of cell
Cell >n. ny ng ne np ng ng ng
Cu 4.550 4 0.375 40 0.006 45
Cu-Cr 18.216 2 0.396 37 0.386 31 0.367 37 0.358 047 0.007 35 0.006 31 0.005 99
4 9(4): 723-727.
Table 4 Solid solution strengthening factors and strength of [2] , , , ,
solution alloy [J]. ,2001, 21(6): 609-611.
alloy ZHAO Dong-mei, DONG Qi-ming, LIU Ping, JIN Zhi-hao,
Alloy ch oy/MPa /% HUANG Jin-liang. Exploring for optimum chemical
Cu 4.550 4 171 55.0 composition of copper alloy with high strength and electrical
Cu-0.2Cr 4.683 9 223 375 conductivity[J]. Journal of Functional Materials, 2001, 21(6):
Cu-0.4Cr 4.8174 246 33.0 609-611.
Cu-0.6Cr 49507 265 30.0 131 ’ ’ ’
[J]. , 2007, 32(1): 12-20.
XIE Chun-sheng, ZHAI Qi-ming, XU Wen-qing, WANG lJi-heng.
Cr Cu-Cr Study and application development of strengthening theory of
copper alloy with high strength and high conductivity[J]. Heat
> 2ty Treatment of Metals, 2007, 32(1): 12-20.
[4] HOLZWARTH U, STAMM H. The precipitation behavior of
Cu ITER-grade Cu-Cr-Zr alloy after simulating the thermal cycle of
hot isostatic pressing[J]. J Nucl Mater, 2000, 279: 31—45.
[5] KENDIG K L, MIRACLE D B. Strengthening mechanisms of an
Al-Mg-Sc-Zr alloy[J]. Acta Mater, 2002, 50: 4165—4175.
3 [6] s R R Cu-Ag-Cr
[J]. ,2004, 14(7): 1144—-1148.
JIA Shu-guo, LIU Ping, TIAN Bao-hong, ZHENG Mao-sheng.
1) Cu-Cr Strengthening mechanism in high-strength high-conductivity
Cu-Ag-Cr alloy[J]. The Chinese Journal of Nonferrous Metal,
2004, 14(7): 1144-1148.
2)Cr [71 FUJII T, OGAWA M, ONAKA S. Preferential precipitation of
Cr particles on dislocations in a Cu-0.32mass%Cr alloy[J]. Japan
Inst Metals, 1998, 62(4): 301-309.
3) [8] JIA'S G ZHENG M S, LIU P, TIAN B H. Aging properties
— studies in a Cu-Ag-Cr alloy[J]. Mater Sci Eng A, 2006, 419(1/2):
Cr 8—-11.
] ) , , ; . Cu-3.2Ni-0.75Si
[71. ,
REFERENCES 2002, 12(6): 1167-1170.
ZHAO Dong-mei, DONG Qi-ming, LIU Ping, JIN Zhi-hao,
HUANG lJin-liang. Transformation and strengthening of early
1] ’ ’ ’ ’ ’ - CoNSE stage of aging in Cu-3.2Ni-0.75Si alloy[J]. The Chinese Journal
L1 - 1999, of Nonferrous Metal, 2002, 12(6): 1167-1170.
o(4): 723-727. [10] BERGE P M, KIM S T, GIBSON J, Verhoeven D. An air melting

CAO Yu-wen, MA Ju-sheng, TANG Xiang-yun, WANG Bi-wen,
WANG Shi-min, LI Hong. Design of Cu-Ni-Si copper alloy for

lead frame[J]. The Chinese Journal of Nonferrous Metal, 1999, (1]

technique for preparing Cu-Cr alloys[J]. JOM, 1998, 50(7):
422-431.
1. ,



1529

8

[12]

[13]

[14]

[15]

2005(9): 925-925.
WANG Xian-tao. An Useful Attempt to Smelting Process of
Phosphor-Copper Master Alloy[J]. Foundry, 2005(9): 925-925.
SATYA P V V, RAMAKRISHNA V, MISRA R D K, KRISHNA
R P, GUPT K M. Electroslag crucible melting of age hardening
copper-chromium alloy[J]. Materials Science and Technology,
1995, 11: 1305-1309.
, , . Ce  Al-Cud.5%

[J]. ,2006, 16(4): 606—611.
SI Nai-chao, GUO Yi, LI Guo-giang. Effect of RE cerium on
thermal fatigue property of Al-4.5%Cu alloy[J]. The Chinese
Journal of Nonferrous Metal, 2006, 16(4): 606—611.

1. , 2004, 24(6): 713-715.
ZHU Da-chuan, SONG Ming-zhao, YANG Ding-ming, TU
Ming-jing. Study on the oxidation resistance of Cu-Te alloys
with high electrical conductivity[J]. Journal of Functional
Materials, 2004, 24(6): 713-715.
CAREW J A, LSLAM M. Erosion corrosion of copper and

[16]

[17]

(18]

nickel based alloys in polluted seawater[J]. Materials Selection
& Design, 1995, 4: 54-57.
[M].

, 1993: 225-427.
ZHANG Run-lin. Empirical electron theory in solids and
molecules[M]. Changchun: Jilin Science & Technology Press,
1993: 225-427.

M].
,2002: 124-130.

LIU Zhi-lin. Valence electron structure of alloy and composition
design[M]. Changchun: Jilin Science & Technology Publishing
Company, 2002: 124—130.

> , [M].

,2002: 36-99.

LIU Zhi-lin, LI Zhi-lin, LIU Wei-dong. Interface valence
electron structure and property[M]. Beijing: Science Press, 2002:
36-99.



