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Abstract The phase diagram of a new aluminium-bearing Fe-Cr alloy (/% : 1. 60C, 26. 00Cr, 5. 50Al, 0. 50Ni,
0.12Y) is calculated by using thermodynamics software Thermal calc, and combined with X-ray diffraction analysis the
phase composition of the new alloy is defined. On this basis, the valence electron structure, covalent bond energy and lat-
tice electrons of conventional high chromium cast iron and aluminum-bearing Fe-Cr alloys are analyzed by using solid and
molecule empirical electron theory (EET) to reveal the mechanism for impact toughness decreasing of aluminum-bearing
Fe-Cr alloy at electronic level. Results show that with adding 5. 50% Al, the aluminum-bearing structure units occur in Fe-
Cr alloy, the strongest bond covalent electron pairs in the units decrease from 0.486 40 to 0.450 31, second strong bond
covalent electron pairs also decrease from 0.199 83 to 0. 118 88, while the number of lattice electrons decreases led to the

impact toughness lowing. The EET predicting results for impact toughness of Fe-Cr alloy containing 5. 50% Al nicely coin-

cide with the test measured results.
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Table 1 Chemical composition of test alloys / %
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Fig.1 Phase diagram (a) and X-ray diffraction analysis (b) of test alloys
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Fig.2 Calculation unit model; (a) a-Fe-Al-Cr; (b)a-Fe-Cr

AD, =D =D“>"| <0.005 nm MW Fr i B FIR S
A SLAFE ITRESEMGRNE 2 B,

%2 HEIZEMI N a-Fe-Al-Cr i F454 , 00K
a-Fe-Cr fir i 74514, FEGHE 4> 30 T8 1 B
I R FAM M N B8 o .C,, \n, .0, g, R(1) %,
H o MEFHIZRRE, C, MR FIE o B3R
BETE ¢ OIS 0, ny g, AR FE o Z2Hraodt
M FEL A FRAM BN FROE, WEE
HHE,

B2 AT LAE A Al STTE ) a-Fe-Cr Z5Hg#s
Fich g bk DA (5268175.011 27 kJ/mol) , 3
Hrigh 16 5%, F4H Lo E0.450 31 x4 et i 15
WaRgE N DS N 2 £, BB ELAE
0. 118 88X LA L T T K DL, A 12 4%, B 44
L4340 001 80XT M HLF

HidRBEANATLEWo-Fe-Cofr B F M T

#&2 o-Fe-Al-Cr #1 o-Fe-Cr i B F 4283
Table 2 Valence electron structure of a-Fe-Al-Cr and o-Fe-Cr

a-Fe-Al-Cr a-Fe-Cr
L o C n, n, Ny R()/nm & C, n, n, Ny R(I)/am
Fe all 0.4789 42075 0.8730 5.5635 0.10751 all 0.4789 4.2075 0.8730  5.5635  0.107 51
Cr all 0.7086 3.2932  0.5865  3.8797 0.11848 q4ll 0.7086  3.2932  0.5865 3.8797 0.11848
Al 4 0.7648  2.5296  0.4704 3 0.1190
ez I D,./nm D_/nm n AD,/nm B/ g I D _/nm D /nm n AD /nm  Eal
C" " i " (kJ - mol ") L " : M (el )
DMNT 16 0.24975 0.251 11 0.45031 0.0014 175.01127 DS™ 16 0.248 24 0.248 21 0.486 40 0.000 03 237.197 44
DS 12 0.28752 0.28889 0.118 88 0.0014  72.093 95 DS 12 0.286 64 0.286 61 0.199 83 0.000 03 95.376 32
Dfsfe 6 0.288 39 0.28975 0.088 61 0.0014  30.867 61 Dfefe 6 0.286 64 0.286 61 0.098 10 0.000 03 34.382 14
D¥s™ 12 0.407 85 0.409 21 0.001 80 0.001 4 0.480 82 DFsFe 12 0.40537 0.40534 0.00209 0.00003 0.550 14
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