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F 1 Cu(010) F-Fe(010) FHEN SIS
Table 1.  Convergence of Cu(010) and 7-Fe(010)

surface energy.

Number of pils N ES /(Jm?) EFe. /(J-m?)

sur

5 1.41 3.79
7 1.44 3.75
9 1.43 3.76
11 1.44 3.75
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Fig. 1.

a) Schematic structure for Cu(010)/7-Fe(010) inter-
face; (b) si

side view for Cu(010)/7-Fe(010) interface.
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Fig. 2. (a) Schematic structure of Cr replacing Cu for
Cu(010)/7-Fe(010) interface; (b) side view of Cr replacing
Cu for Cu(010)/7-Fe(010) interface.
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Fig. 3. (a) Work of adhesion and interfacial energy for Cu(010)/7-Fe(010) after replacing Cu atom; (b) work of adhesion and inter-

facial energy for Cu(010)/7-Fe(010) after replacing Fe atom.
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Fig. 4. (a) Partial density of states on the interface for Cu(010)/7-Fe(010) before doping; (b)—(h) partial density of states on the in-
terface for Cu(010)/7-Fe(010) after replacing Cu by Cr, Al, Mo, W, Ni, Co, and Mn, respectively.
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Fig. 5. (a) Partial density of states on the interface for Cu(010)/7-Fe(010) before doping; (b)—(h) partial density of states on the in-
terface for Cu(010)/7-Fe(010) after replacing Fe by by Cr, Al, Mo, W, Ni, Co, and Mn, respectively.
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4.2.2  MESMHBRAEEK

2% B M M A R T R A I oL T
Mulliken A Ji& 558 521158 )5 [8] B9 B far 5 88 7] LA
2 A AR S TR A B S I B — ek, A
JEREBERA, B TR, F A 5[] A4 28 BLAE FH R
S SHH [ R A R AR R B S, R
TR R, R M.

LA R L X R, BT A B R
TR, TR S R sE. Br i Cu I TR
() L faf A FR RS R A T4 2, AT LA, Bhimiik R
Rl 7% & A i 2 R 1k, Cr, Mo, Ni, Co, Mn
KL FHAL I BT A S PR S TR
Ba=ut i A, g e TR E IR, i
TR R MG GR. AL W LR o T B
THB240, (HNFE 3 v LIE H, B85 K I 5
G, MBI Fe—Cu K Fy 242 A, B)5
Al—Cu K7 239 A, W—Cu K F 2.28 A, H
W Cu B KK T Fe—Cu f#, NILE 3HE
RN, B2 W TR E M K. Cr mAREL
R LA Ry 0.24, RIE LAY HER: Ry 2.06 A, ik T
HAth A 4 F RS, I Cr 8440 Fm e ik
FE.

%2 AAILE X CuFiE BT
Table 2. Mulliken population analysis on the interface

for Cu(010)/7-Fe(010) before and after replacement of Cu
by alloying element X.

Atom Total Transfer Total Transfer
electron/e  charge/e electron/e  charge/e
Cu 11.14 0.14 Fe 7.90 0.10
Cr 13.76 0.24 Fe 7.97 0.03
Al 2.89 0.11 Fe 8.04 —-0.04
Mo 13.73 0.27 Fe 8.03 -0.03
W 8.01 -0.01 Fe 13.92 0.08
Ni 9.83 0.17 Fe 7.98 0.02
Co 8.74 0.26 Fe 7.96 0.04
Mn 6.55 0.45 Fe 8.00 0

P A BEH Fe JFTI B AT A R AL, HB Y
oy 8¢/, Cr, Mn 2k 25 B a7 4351 R 0.14 F1 0.33,
T ARBRER. Hb Mo 572 L0 far ol
0.33, FEA IR ORI ] Cu B T IF Y, B 4
o ) e p . NIRT 4(g) 2% B B R AEAS 2, Mn
SR SHSR R R B 2 R LB 24k, X TRT
T AR R AT G /Y. A B A5 1%

A B, E R . K S it
i) R SR SIS S B Y 20 N /2. N £ s
BEREHUN. Cu i 248 145 pm, Fe JiF2f 4%
4126 pm, B Fe A T4t Cu, LR/
JE R I8 B S R ZI T R e AR I
BRI.

#£3 BEILE X Cufl Fe g AR T

Table 3. Bond length on the interface for Cu(010)/

7-Fe(010) before and after replacement of Cu or Fe
by alloying element X.

i /A i /A
Cu—Fe 2.42 Cu—Fe 2.42
Cr—Fe 2.06 Cr—Cu 2.48
Al—Fe 2.39 Al—Cu 2.53
Mo—Fe 2.23 Mo—Cu 2.57
W—Fe 2.28 W—Cu 2.57
Ni—Fe 2.31 Ni—Cu 2.48
Co—Fe 2.20 Co—Cu 2.41
Mn—Fe 2.13 Mn—Cu 2.47

F 4 BEILR X B Fe HiJE F AT E 7
Table 4. Mulliken population analysis on the inter-
face for Cu(010)/7-Fe(010) before and after replace-
ment of Fe by alloying element X atom.

Atom Total Transfer Total Transfer

electron/e charge/e electron/e charge/e
Fe 7.90 0.10 Cu 11.14 -0.14
Cr 13.86 0.14 Cu 11.10 -0.10
Al 3.03 -0.03 Cu 11.11 -0.11
Mo 13.90 0.10 Cu 11.20 -0.20
W 14.09 -0.09 Cu 11.19 -0.19
Ni 11.04 -0.04 Cu 11.10 -0.10
Co 8.94 0.06 Cu 11.12 -0.12
Mn 6.67 0.33 Cu 11.18 -0.18

423 EnUETER

257 P g 25 B T LT BT M A5 B R e TR
1ot 8 F ) e A S B B BB A T 1) SRR R FR R
A R AT, MG ST R B Cu(010) /-
Fe(010) P Cu J5Tmf, Fim ke & et & T
B Fe JFFI B 5w, PEXT Cu $84%)5 FLim i
ZEoY LT AT TR, WA 6 s, B
FORHE TR, EEFRRBTFEE. K 6(a) MBS
AR ST, 7 LAE A AR A Cu [T #B 2 25 LA,
TR IE ML R, T A AR X, (A
Cu JE TP 4 @, Pkt Cu, Fe JFTH£B
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Fig. 6. Difference charge density for Cu(010)/7-Fe(010) interface before and after replacing Cu by different alloy atoms.
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Abstract

The mechanical properties of ultra-high strength martensite steel strongly depend on the shape, size and
content of the reversed austenite. In general, the plasticity and toughness of the materials can be improved
effectively by increasing the content of the reversed austenite. After aging treatment of Cu-bearing as-quenched
steel with martensitic microstructure, Cu particles precipitate at the boundary of martensitic structure and act
as heterogeneous nucleation sites to promote the nucleation of reversed austenite. In order to explore the effects
of different alloying elements on heterogeneous nucleation of reversed austenite on Cu particles, the effects of X
(X = Cr, Al, Mo, W, Ni, Co, Mn) on the interfacial properties of Cu/7-Fe are studied via first-principles
method. The adhesion work, interfacial energy and electronic structure of the interfaces before and after the
replacement of Cu and Fe atoms at Cu/7-Fe boundaries are calculated. The results show that when the alloying
elements replace Cu atoms at the Cu/7-Fe interface, strong X—Fe covalent bond forms at the Cu/7-Fe
interface, the adhesion work increases and the interfacial energy decreases, and thus improve the heterogeneous
nucleation capability of reverted 7-Fe on Cu particles. When Fe atoms at the interface are replaced, the
stability of the interface changes little, and the bonding between the doped atoms and the neighboring atoms is

weak.
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