DOI: 10.3969/j.issn.1000-6826.2022.07.2102

f7E o-Fe—Cr (110) RE XA
BT ARE— R IBR

First-principles Study of Diffusion Behavior of Carbon in Surface and the

Internal of the a-Fe—Cr (110)

B!, B2,

2#3° / WANG Yiming', LI Rui?, NIU Ming®

£ E E3)

AR KRR AR T AP AR A4 3k ol R AR I %, = E AR T Ak e M dk Aot A A7
W, AXLATFTEHE—HREFEHF@AEFEANRTFERIKITT C () RF L o-Fe (110) fo
o-Fe-Cr(110) £ @MWK 2 P SEBBBAT A, BH-F @A T FRARTHEZHERIH — )RR
FHRRRZGAEBE, FEELAFEEIAF T LS, FIINBRRTAKIET L P
ARV FREBRATARRRATENLE R, HHELERELMA, CRTEET o-Fe (110),
o-Fe-Cr (110) A @MWK Z P, HHRABTHEM; a-Fe-Cr—C (110) R R P4 Cr &5 83 mA
A TRE C EART@AORME; CRTEHBAT aFe (110) LR, X —4F &8 CEZ LG BRT
B AR K ARAR - 89 40—, a-Fe—Cr (110) 2 M & @ 6942 T MR 38 5% , T AR AL 2 #38 K, J

T N — B AN B A S R AR R B an 4 2 ) 1z i
TEATS A, FeAEfEAhisin . RS A
A A BT E T R EENEM . B TN
FR [CIERANFE NI R AL A G ESTTR S =
Ty TAEAERCR 2200, 3 e N — 28 [ AN B 4 S i
P AR R IR TR, B RO A 8L
WREITCREMIRE . WA T 5L B % 4% I T 11
MRS, FHrp S DXl i 28 2 % L 1) — Fh Bt
Sl AR R, RS XA ST R
534 R T b 2l O B 2 e, B SR h
FE3 i o SRR T B N —J8 IR 85 4 S5 F i 2 3
Pavlovsky® SE/F57 K B8 C U R AE RN 15 A X e 1

TEHBNL: 1 KFP R B RE A R,
045000

KA TSR, BIE R T — R, 3 DX H
BT, S FORZMF SR, R
B Cr LR AR R P I e K A T —
UG CN: 3 P N SRR PN 2 AN 6 S AN NN
AR A T ORI AR BB L) SR S, RoT
RS BB Cr T RY B AR
HIXRME CILE WAL E R PR, [F
X — SRR A 58 A S L R B A e )
DIMSG, B2 BRI PF R A i . H A5
ot E AR 2 2 S Ak 3 % OO A R IR, 7 i
TR EME AR AL

U JUAR S —E SR B A T3 7 4k 0 < J AR ] B

PG KM 0370385 2. HIG A MM APRATR, INPE KB 030027; 3. BESEBOH A B, ILPE  BESR

1 1l


https://doi.org/10.3969/j.issn.1000-6826.2022.07.2102
https://doi.org/10.3969/j.issn.1000-6826.2022.07.2102
https://doi.org/10.3969/j.issn.1000-6826.2022.07.2102

|

¥ X (‘?
B fodt 5

METAL WORLD

RO B BB AL T A5, it T EE — P
PEOTIRERSE Cr X% Fe-Cr & 4r . Fe—Cr-Ni & 4 )5
M =51 Bl B rh Cr JCR XA &g mie e, A&
SCMHORHLEEHTFF o-Fe (110) F1 a-Fe~Cr (110) & 4
M C AT RER, FEHE 335 bR TR N H i 5 28
SEREMEN, HLUSTER TR 1A RS C R
FH BBt — S

THEAEER

55— 1k R 57 R FH CASTEPU 8544, iz
W RS (DET) U820 2k 2 5 Bl 9% B 3T )
(LDA) P CA-PZ 5¢He— KK T, X a-Fe &
AT 245 A4 R R A R EL AR R R AR 2
(USPP) P2 kA pdliagk , Horpoy i S 4 T B
290 eV, A B X AL 1B 12 5 B Monkhorst—
Pack 758, k SMAE N 4xax1, MR, HE

t7s e
Fe(Cr) C
Fe o |
2
oGP 3
4
W

(a)—r—* ®) FH-—- o [TO—G8r (o [

¥ (SCF) W8k B2k 2.0x107° eV/atom, J& T [H] fi
KAGAE J1°8 0.005 eVinm, JB T KA FE AL
0.0002 nm,
a-Fe (110). a-Fe—Cr (110) 23T o-Fe Hefknth
AL BRI, AR AR Fe (110) 2
gERY AR SR 6 E VAT . KB 12 o-Fe (110),
o-Fe-Cr (110) R M AR EE, S~ T ke Vi
ol EMMEEEN, BEZENEEEBCH 1 nm,
K1 (a) g CUMET o-Fe (110) Fl Cr & & 70 Bk
4.17% W) a-Fe—Cr (110) R )JZ 45 B AL, 81 1 (b)
9 C ¥ T a-Fe (110) 1 Cr i & 73 804 8.33% 1Y
o-Fe-Cr (110) IRFE)Z (1~2 [AB ) AYLEHIRRL, & 1
(¢) M C [T a-Fe (110) A1 Cr 040N 12.5%
i1 a-Fe—Cr (110) FEZR T 2~3 JZ PR AYZEFIBAY, 4] 1
(d) M C FEVET a-Fe (110) F1 Cr JFE450H 16.67%
i) a-Fe—Cr (110) BEZR ] 3~4 2 [P G5 FRAL

B 128

R

Fe(Cr)
1
@ @ |-
c
¥ 7 %) 3
@ @ |-
(S e

1 a-Fe—C (110) 1 0-Fe—Cr—C (110) RE B~ =E: (a) C R MF o-Fe (110) FA Cr [REHEH 4.17% B o-Fe-Cr (110) REHE
HHREL; (b) C EATF a-Fe (110) #1 Cr [RE 53314 8.33% K a-Fe-Cr (110) X RE (1~2 [ER) HILEHIEEL; (o) C EiFTF a-Fe (110) #A
CriRE 4578 A 125% 1) a-Fe-Cr 110) BE R T 23 EZ B A L MR ; (d) CERF o-Fe (110) F1 Cr FT £ 4> #1 4 16.67% Ky

o-Fe-Cr (110) BE5RTME 3~4 FEIBE A A HRE

T HST R AT RN, JeXt o-Fe Bk T T
ZERIRAL, THAR a-Fe BRI f S S50 o AR AN
vr %l h 02866 nm Al 0.023551 nm?®, 5 HiE{H
0.2866 nm Fl1 0.023541 nm® #H Y, FHEH -5 HIEEUE
JEH L, AT B v 1 .

2024 £ 3 A

LR

RESHHTRE S
TR I Fh B TR ST A & IR B
W TRMACG YR IES FE, SIE K

P =N
REiE,



RIE MR
ﬁiﬂr_‘zm Hiohlichts Forus << <

PR AER, HAXHEBK, RRIXY TS E
R, HAKF] a-Fe-C (110). a-Fe-Cr (110) 1 a-
Fe-Cr-C (110) F1H £/ 08 i, aTH (1) 11
%:[27] o

1 C
H= a+b+ C(Etot ~aEqoiia -

Xof, H ARG a0 b, ¢ 4514 a-Fe [Fi k&
WA C. Cr. Fe EFMBETFAYG; Eoh o-Fe
T v e 5 4 0 AL U B0 3 B 5 EC L EC
EFS AP 3IR 84S C. Cr. Fe J5i 716 [ A5 i A .
e A PR AR EC, . ECL | EFS BT, R
55 o-Fe [Es K SN R RE AR 0 HEOE 2 0, 40t
C. Cr. Fe MBI M AR HEATIST, AR B
LIS 00 A BOR AR e i, B C. Cr,
Fe (1115 SR FAE L

L& RN B P R T4 6 0 LA TR 1
B, ARSI A SRR A T I S5 T e
oo fLAMIRPERS . SEHIRL b 5 LS & I
S, MLEAREN N, AR, WA

EFe

solid) (D

Cr
bEsolid -

—-10.0

(@)
99}
% 98t
09
%
4 97t
-9.6}
79A5 1 1 1 1
1 2 3 4

ClE T

2 CHIEX} o-Fe-C(110) REHMERES

& 3 4 Cr & 878X} a-Fe—Cr (110) L5+ 1)
TR ZS G Resg it £, & 3(a) 254 fEIh AT LA
i, B o-Fe-Cr (110) £ 5k H Cr & B Ay 1S
Jn, a-Fe-Cr (110) 2% 11 45 M 1 R (9 45 & e 38k f
B, HI¥NTRESN . HAORE A Cr & iy
Jn, o-Fe—Cr (110) 14 2 1945 & RESUE A W 8 1y 28
k., BN Cr [#% T a-Fe (110) & &%} o-Fe—Cr (110) {4
AREMm AR, B 30) BRAMLERE, Cr
HHIREAN, i a-Fe—Cr (110) 2 1 45 F4AK £ A4 IE iR

SUBEREP T, a-Fe [BVAAR S IS5 #0455 RERY AT H]
X (2) HHFP.

Econ = a+b+C(Et0t _aEStom_bEgtgm _CEgteom) 2
K, Econ NEEARE, ESon ESn. ER 0508

C. Cr. Fe 751 H SR BE

B 2 JIE s IR0 T o-Fe—C (110) K 1H 4544
A7 B B RAS A 45 B REFE B, &5 B REfh 4ok
FB, BT AFALER, &k o-Fe-C (110) K45
ARy fE, M¥hRESs . BIEORE
C J 71 F a-Fe—C (110) 3 ifi J2 i 45 4 i 09 {8 %
AN, AT 2, 3. 4 JZIEE, 45ARERBUE AT HL
¥im PR E, RUIEKEE T o-Fe-C (110) F
GERRZ TR, C o7 T 2 X R AR R 45 A fig e
AN, HEAREG . T RRIMEORE , BRITAE AR
LB, a-Fe-C (110) 2 M £5 4 1918 s AL 12 11
8, HIBR S B T o-Fe-C (110) k&, BAKKFE
C T T o-Fe-C (110) & [f )2 I X 57 (14 8 1 44 e
/N, BREES T a-Fe—-C (110) F A

—6.5
_6'4 L
—63r
76‘2 L
—6.1

(b)

i 2 3 4
IR
At (2) FOTLALHA (b) BOA

¥roh i, BP Cr¥n] LU T a-Fe-Cr (110) K %R .
BMKBERAN Cr S atbFsEFIN, Cr & ht ik
ST T a-Fe~Cr (110) F LA ZR

Bl 4k C It &b 43 & X K [F] Cr & i a-Fe—Cr—
C (110) & I 25 #a) 1R 3 25 4 Be AR WL 3G i if 45 o
CIE T A Cr&H ) a-Fe—Cr—C (110) 2 I 45 ¥4 14
R, SiGRMES N AE, IYARESH ., B
o-Fe fRAEMEL, Cr & &EIET a-Fe kAR5, Cr R
2 a-Fe-Cr-C(110) SR I 25 FA 1R R (45 & BB B %

oy N A

s

3 N



|

Bppar

METAL WORLD

@

103 j/D—__D/D

6 8 10 12 14 16
Crltit 4%

(b)

4 6 8 10 12 14 16
Crlit 7 40%

El3 Cr RESHGT o-Fe-Cr (110) REHMMERLESHE (a) FER (b) HIRZIE

%, BI42E C1E a-Fe—Cr—C (110) & R iyfaE vk,
YRR, C AT REERE Y & TATIRE
AN B 2. 3. 42, K 40b) N CbFA
M B, AF Cr & & o-Fe-Cr-C (110) 3 I 4%
MR R A i 26, v LU H Cr & & 35 n

—-10.5

= 4.17% Cr mm 12.5% Cr

~104} @
m 8.33% Cr = 16.67% Cr

=103 |
-10.2 |
> —10.1
)
gu: -10.0 |
do 99+
F o9gl
_97 L
_96 L
_95 L
-94

1 2 3 4
ClF

BRXTE a-Fe-Cr(110) AR P REEITA
1 i 2R AB & — N JE P W B 3R R
BTHHXIEASIEMARGERREZ 2., Xt
a-Fe-Cr—C (110) A &K, BRTE a-Fe-Cr—C (110) %
TR EERT I (3) FmRP:
Eseg = E1—E4 3

b E, fl E, 7F a-Fe—C (110) & M4 $1t 3% C 5+
&% T a-Fe-Cr—C (110) 2 FI% 3~4 JZRIBA R 5
BBE, 7E a-Fe—Cr (110) F M4l s Cr JR PR
5 1R 42— Fe T RG MR, Ege N
IEULH C R e R M RE R =, B CIRFAS R
I RAME, 5 TS50 T a-Fe-Cr—C (110) K 5
FATRAL, Egeg M ULHA C JF T 75 10 B RE RLAIK

2024 £E 3

X5 C 1Y a-Fe-Cr—C (110) F MZ5 1A R IE A0 5
M R B G, B Cr & s, CHAMTHT
o-Fe-Cr-C (110) k%, JtH C 54T a-Fe-Cr-C (110)
T ZE W G, R CHEHAEG R T &
Cr 1) a-Fe-Cr AL AR E 454 o

(b) =1 4.17% Cr mm 12.5% Cr
o6l B 8.33% Cr ==1 16.67% Cr

JE eV

1 2 3 4
Clstf

B4 CHEXNAE Cr RESH o-Fe-Cr-C(110) RELHMBRLEGHEE () FIRLAH (b) BI5400

B C R ¥y e R R A S

K5 s Cr /X CJE F 7F a-Fe-Cr-C
(110) FRTH W B ARAF AU SR BE . BVARE C JF 1
T o-Fe (110). o-Fe—Cr (110) KR, #AKZR
TR N E, B CIR T35 F1& a-Fe (110).
a-Fe-Cr (110) FRF- M A4 B, EAKF| Cr ou R 5%
M, a-Fe-Cr-C (110) KR TR Cr & a3
AT CEERFHEMME . Wit (3) i1H5HA
F|, CrJfF7E a-Fe—Cr (110) KimEHEHN—0.613 eV,
Bl Cr JiT-5) THE a-Fe—Cr (110) F i & A4 A

& 6 fit7nk C. Cr JEF 7RG 4/ B AR50 55 1 s 2
B, ELAR S BRI AL, T SR IR
Cr & Re, R h A AL —E S — 2 5



-020 /

—
\D\D

0'056 > 4 é 8 1'0 12 14 ll6
CrlTtht 2 40%

B5 Cr&B3 C BFE a-Fe-Cr-C(110) RERETHHIHM
Cr R ZRE MY 8, FAFlR T C &R,
SR B R AL — 8 S — 2 m Y C ] BIGKIX
By, BOAE Sk BT A B A BE — A
o-Fe—C/a-Fe—(Cr)-C A X 5 . DL EiH5RE,
o-Fe-C/a-Fe—(Cr)-C - i F ix ik M), CA In] &
Cr I m B im, i+ Cr g, C mEz5
TBHAR, fHAF C T2 A0 IR T RSN/ AR B S Y sk
B, H T C A SR T (A S A R AR E
PRI e AR 2 S SR A FUTHI Y o-Fe—C MBI T — 2
T X3

——
BLIGARE

6 CEFERNRENAERETEE

(1) CJFRE T o-Fe (110), a-Fe-Cr (110)

RMEWERT, WERRBENWESEH, CET
a-Fe-C (110) RN AE R T, AR TS C -+
£ a-Fe-Cr—C (110) (A R AR EM: . CIRTAT
a-Fe-Cr—C (110) 3% [ B A A 0 1 35 s T Ak Pk 3R i
FIAHER

(2) CJETTE o-Fe (110) 22 i 19 fi B 5 16] 25 T
THE Y o-Fe—Cr (110) R MI45H, Cr & A4 )
TIE CHERMAME, B CHFES THET
a-Fe(110) RETA S T & #HY a-Fe—Cr (110) 45
Rz

S Xk

[1] Hajiannia I, Shamanian M, Kasiri M. Microstructure and mechanical
properties of AISI 347 stainless steel/A335 low alloy steel dissimilar
joint produced by gas tungsten arc welding. Mater Design, 2013, 50:
566

[2] Sadeghian M, Shamanian M, Shafyei A. Effect of heat input on
microstructure and mechanical properties of dissimilar joints between
super duplex stainless steel and high strength low alloy steel. Mater
Des, 2014, 60: 678

[3] Pavlovsky J, Million B, Ciha K, et al. Carbon redistribution between
an austenitic cladding and a ferritic steel for pressure vessels of a
nuclear reactor. Mat Sci Eng 4, 1991, 149(1): 105

[4] Mcpherson N A, Chi K, Mclean M S. Structure and properties of
carbon steel to duplex stainless steel submerged arc welds. Mater Sci
Technol, 2003, 19(2): 219

[5] Srinivasan P B, Muthupandi V, Sivan V, et al. Microstructure and
corrosion behavior of shielded metal arc-welded dissimilar joints
comprising duplex stainless steel and low alloy steel. J Mater Eng
Perform, 2006, 15(6): 758

[6] Ak, FdHr, BEEZE. 1CrITMn6NiSN 5 Q235 S Fli 15 42
HELHSUMT. SRR, 2008(2): 15

[7] Serikov V V, Kleinerman N M, Vershinin A V, et al. Formation of
solid solutions of gallium in Fe—Cr and Fe—Co alloys: Mossbauer
studies and first-principles calculations. J Alloy Compd, 2014, 614:
297

[8] Airiskallio E, Nurmi E, Véyrynen I J, et al. Magnetic origin of the
chemical balance in alloyed Fe—Cr stainless steels: first-principles and
ising model study. Comp Mater Sci, 2014, 92: 135

[9] Zhang Z P, Lei M K. The states of nitrogen atoms in the processing of
Ni—Cr alloy surface nitriding modification. Appl Surf Sci, 2014, 301:
346

[10] Zhang Z P, Li P. Study on the trap site in Ni—Cr alloy by first
principle approach. Vacuum, 2014, 101: 321

[11] Senninger O, Martinez E, Soisson F, et al. Atomistic simulations of

the decomposition kinetics in Fe—Cr alloys: Influence of magnetism.

R
B fosr

5


https://doi.org/10.1016/j.matdes.2013.03.029
https://doi.org/10.1016/j.matdes.2014.03.057
https://doi.org/10.1016/j.matdes.2014.03.057
https://doi.org/10.1016/0921-5093(91)90791-K
https://doi.org/10.1179/026708303225009643
https://doi.org/10.1179/026708303225009643
https://doi.org/10.1361/105994906X150902
https://doi.org/10.1361/105994906X150902
https://doi.org/10.3969/j.issn.1002-025X.2008.02.005
https://doi.org/10.1016/j.jallcom.2014.06.068
https://doi.org/10.1016/j.commatsci.2014.05.036
https://doi.org/10.1016/j.apsusc.2014.02.076
https://doi.org/10.1016/j.vacuum.2013.10.009

Afpar

METAL WORLD

[12

—

[13

—

[14]

[15

—

[16]

[17

—

[18]
[19]
[20]

(21]

M s

Acta Mater, 2014, 73: 97

Terentyev D, Bonny G, Domain C, et al. Mechanisms of radiation
strengthening in Fe—Cr alloys as revealed by atomistic studies. J Nucl/
Mater, 2013, 442(1/3): 470

Gao Y, Lv Z Q, Sun S H, et al. First principles study on surface
structure and stability of alloyed cementite doped with Cr. Mater Lett,
2013, 100: 170

He J, Luan Y, Guo H B, et al. The role of Cr and Si in affecting high-
temperature oxidation behaviour of minor Dy doped NiAl alloys.
Corros Sci, 2013, 77: 322

Liu WM, Zhou QJ, Li L S, et al. Effect of alloy element on corrosion
behavior of the huge crude oil storage tank steel in seawater. J Alloy
Compd, 2014, 598: 198

Wang C, Chen J J, Li Y, et al. Magnetic properties, microstructure
and corrosion behavior of Nd;oY Fegs Nb;sTiysB, (x=14-22) and
Nd,Y FegoNb3 sMg sBjs (M=Ti, Zr, Cr, Mo) bulk nanocrystalline
magnets. J Alloy Compd, 2013, 555: 16

Segall M D, Lindan P J D, Probert M J, et al. First-principles
simulation: ideas, illustrations and the CASTEP code. J Phys Condens
Matter, 2002, 14(11): 2717

Hamann D R,
pseudopotentials. Phys rev lett, 1979, 43(20): 1494

Schliiter M, Chiang C. Norm-conserving

Kresse G, Hafner J. Ab initio molecular dynamics of liquid metals.
Phys Rev B, 1993, 47(1): 558

Laan G V D. Polaronic satellites in x-ray-absorption spectra. Phys
Rev B, 1990, 41(17): 12366

Hohenberg P, Kohn W. Inhomogneous electron gas. Phys Rev, 1964,

2024 £ 3 A

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

A’

136(3B): 864

Vanderbilt D. Soft self-consistent pseudopotentials in a generalized
eigenvalue formalism. Phys Rev B, 1990, 41(11): 7892

Monkhorst H J, Pack J D. Special points for Brillouin-zone
integrations. Phys Rev B, 1976, 13(12): 5188

Wu M M, Wen L, Tang B Y, et al. First-principles study of elastic
and electronic properties of MgZn, and ScZn, phases in Mg—Sc—Zn
alloy. J Alloy Compd, 2010, 506(1): 412

Fu C L, Wang X D, Ye Y Y, et al. Phase stability, bonding
mechanism, and elastic constants of Mo5Si3 by first-principles
calculation. Intermetallics, 1999, 7(2): 179

Bif, F, ZERK, % B2-RuAl s Bl 562454 095 — R T
WM B ES TR, 2006(7): 1065

Song Y, Guo Z X, Yang R, et al. First principles study of site
substitution of ternary elements in NiAl. Acta Mater, 2001, 49(9):
1647

Sahu B R. Electronic structure and bonding of ultralight LiMg. Mat
Sci Eng B, 1997, 49(1): 74

o, REYE, 2FF, . Ni-Cr-Al & & P00 AL B GE il
B B — JEBLBIE 5T TR BRI SE K2 (A ARB )
2011, 29(2): 194

EEEN: T—8 (1987—), B, LEHEKEF
Sk TARVR . 2015 20 T X RAFZ K FH 4T

IRLL, TRMATE: ERMHEHEI LG,
BAZ AL WL EHE K F TR R AT # AT 1-1 55 E-mail:
627082076(@qq.com,


https://doi.org/10.1016/j.actamat.2014.03.019
https://doi.org/10.1016/j.matlet.2013.02.095
https://doi.org/10.1016/j.corsci.2013.08.020
https://doi.org/10.1016/j.jallcom.2014.01.181
https://doi.org/10.1016/j.jallcom.2014.01.181
https://doi.org/10.1088/0953-8984/14/11/301
https://doi.org/10.1088/0953-8984/14/11/301
https://doi.org/10.1103/PhysRevLett.43.1494
https://doi.org/10.1103/PhysRevB.47.558
https://doi.org/10.1103/PhysRevB.41.12366
https://doi.org/10.1103/PhysRevB.41.12366
https://doi.org/10.1103/PhysRev.136.B864
https://doi.org/10.1103/PhysRevB.41.7892
https://doi.org/10.1103/PhysRevB.13.5188
https://doi.org/10.1016/j.jallcom.2010.07.018
https://doi.org/10.1016/S0966-9795(98)00018-1
https://doi.org/10.1016/S1359-6454(01)00052-0
https://doi.org/10.1016/S0921-5107(97)00068-8
https://doi.org/10.1016/S0921-5107(97)00068-8
mailto:627082076@qq.com

	1 计算方法和模型
	2 结果和讨论
	2.1 表面结构的稳定性
	2.2 碳在α-Fe–Cr(110)体系中偏聚行为

	3 结论
	参考文献

