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Abstract

In this work, the order-disorder transition of CoFe and CoFeNi alloys with equimolar proportions
are studied by using the first-principle thermodynamic calculation method. The calculated results
of Landau’s theoretical analysis show that: 1) the ground states of CoFe and CoFeNi alloys are B2
phase structure; 2) the high temperature equilibrium phase of CoFe alloy is BCC, when it rises to
transition temperature, the phase transition from B2 to BCC will occur in CoFe alloy, the or-
der-disorder transition temperature is about 1400 K, and the molar configuration entropy is kgln2;
3) And with the addition of Ni, the transition temperature of the alloy system will decrease, a
non-equilibrium transformation occurs in CoFeNi alloy, the high temperature equilibrium phase
of CoFeNi alloy is FCC, the order-disorder transition temperature is lower than 750 K, and the mo-

lar configuration entropy is %ka In2. The calculated results are in good agreement with the expe-

rimental results of the order-disorder transition of the two alloys.

Keywords

The First Principle, Order-Disorder Transition, Mesophase, Atomic Site Preference

NixfCoFe& & 181 E M AIF T

AERRHEOR 2B 2 B, bR

Email: "nixd@ustb.edu.cn

Weks HiH: 201745 H15H; FHER: 20174F5H28H; KA HM: 20174F531H

B IHIERH .

XEFF: B, (RBEZR. Ni X CoFe & &M R MD]. BERSW I EIRE, 2017, 6(2): 33-42.
https://doi.org/10.12677/cmp.2017.62005



http://www.hanspub.org/journal/cmp
https://doi.org/10.12677/cmp.2017.62005
https://doi.org/10.12677/cmp.2017.62005
http://www.hanspub.org

WA, (LR AR

B

& THEFIHE—ERERRIIETE T E, R 7 SB/REC K CoFefCoFeNif& & MA FLFHER. i+
HERKBERE R TERY: 1) CoFeNCoFeNif &R AEIAB2HSH; 2) CoFe&&IRIE AN
BCC&it), Lk EER, CoFeA &4 RKAEB2EIBCCEMRIMER, BFLFELERE KB E1400
K, B/RADTHE LT Rk In2; 3) BEENIKGN, AE&ERNETEESREK, CoFeNig& AT IEPE

w35, LR PANFCCEN, BRFEFREEELT750K, g;ﬁéﬂ?&?%ﬁ?&'ﬂ%@ 2. PEZERL
FiFh &SI T L & AR A

Xiid
FWRE, AFELFER, PREM, R0

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 51§

FEFRIT 55 BE /R LE R BOR 7 IX TA) L, ¢ CoFe &g /E %l T 0L B2 AHE5H, MEREIREZT RSk
% B2 #| BCC 45 #IA P IC P AL [1]-[6]. AR4E —JcARIEl, FEARIR T, fi] S o B A AR R TE i AE 412 T
BfaE, B B A, TR 2 B ) PP Lo DX, A R b (A, X b (AR A 2 R B R 2% 1
A RS . B X T 45 B /R BC EL ) CoFeNi &4, S N AL T FCC 45K A Tl 5 i B [T A4 A [ 7]
[8]. XML (a7 # f P B AAE 2 J0(Z= s R BA ) Bk R rh 24742 9] [10], IFir e sl a . &
& < AU 2 AT ER DLAR BE R b B S5 BE /R EEAL R, BEFP T2 3% 8 AT 5% AN 35%, ‘BRI
BLULIAE Z T AR, RORHIART M. AR R AR e M B b — e e B k. AR IS ORI,
m AR AR E VR 1R R B P BRI AT SR M N [11], 78GRI oA LA AR AT T, SESRT L TR R
VU I R R SRR UG . T =Je bl bR & e T A LR RE,  AE1S 0 FRT FE A 2 AT AL
FURONIEER AR — o I, BEAT M & e LR AR PR, X e 45 <2 (0 SE TR OT R AR Rl st
THER VR 1) 58 B AT BRI B8 3L o A A LU 52 1K) CoFeNi il & < AE R Sext B, FI A 38— I 334 )
SR IET FU R LR, 5 A S AT R it A [ VA A AR A e VE AT U 0 — AR PR AR U 1

2. WHE*

HAl, ZuaakRMHEIE R EE, HE=ukU A SRS L= . mH,
WA cE i, S8 RN E HEBSNN, HMECRSFEME K. Fit, B—MEBENRI%T
HIONERN R Z e E S MM F BTk B WIREIENARETHIES SR, STiEr
TR, JEHERH 2 MO R SRR 2T it B R il i BT 1 ok
GBI, s VRPN VASP I CASTEP 2k h & HAE o AR Fh 7 vk rh 75 B4
MM, TETFE RS AR M KN 2 RIS, BRI AS B S U A G 1 O R S AR, T



http://creativecommons.org/licenses/by/4.0/

A, AR AR

HitHEWR K. Brbh, ARSCRHS G AT HIEALPR OB IE 218 77 (the exact muffin-tin orbital
method combined with the coherent potential approximation (EMTO-CPA)) [12] [13] [14] [15] [16], ‘B & —Fh
BT RTINS 2T, XM EAR O A S R ST A S RSB R IR T, I AT EE 8
M, FrARIREE A R T ZE AN R ERIRT, A4 s A AT DUE SR AR AT LR — R R B
AN T3 () 5 AR AT DU LA AL . X M e 31% 07 R 1 5L D

2.1. EMTO-CPA 5%

EMTO-CPA J7i& & 5E T % Bz R B (1 35 — VR BE VA [17]. BB I RE B T AT R 70 28 — PR SR BRS i F
RN T8 45 A AR TS A 7 R HEAT ). EMTO [12] [13] [14]77 3598 F B A BRI iR i 73, %3
BRAT DUE 07k Al A B 1 S S 3R R B 4 A A LA B B V(18] R T34 ABW(CPA) [15] [16]#fifR T
THEAR RBEE IR, T BRI AT MEA R TR SO T, SR B T LS A T34
T R—8Z . £ EMTO-CPA JiyARSsal b, R BT 1) Perdew-Burke-Ernzerhof (PBE) /714
(191 FEAT ook By, ISR RAE R . 57 Kohn-Sham 75 R il (i Fl AR AR XHE I AR A% 77
ERAFE[20]. EEERABRLERETHN AL R IR TERCER. BT CoFeNi iR,
FrCA RO E BRI A N IHT I . BT R T A A BRI — MRS I Ak b, RIZIE BT 3Ttk

22. BEFEFEMRSMERE

A7 e @ A E YR SRR G AR & @ M B HR B 2 [11] [21]. X F—A&H m FET, nfl
TR ES(m=2, n>2), BRUEAER, WE

ici -1 (1)
S, =1 @

Hrp, CRRFI RGOS E(I=,2,n), C,&Kxa REFEH 5250 tF
(a=tj,j=1,2,~-m)o

7E X Pia(i =12,-na=t, ] :1,2,---m)39a RIF AT AT EREALR, BSO8R B a
S SJDRE 0] SR QSN DN IS SR 0= T P E R = R o S L

2R =1 ®)
i R.Ci =C, (4)

FELEA SRS IIEI T, B, A BN (m-1)(n-1) . 7ESLBRI & B, HUEEE 23 & 44
PRI A IOBE L, T B2 45#49 R 1) CoFe I CoFeNi &4xk Zokii, 133 P, IEUETEE #[0,2C, ] .
HEXL S, (i=12na=t),j=12m) &R o RIFFLEWRFET EA B3 7040 1 o i B - 5
TSR R, 5 5B 6, BEVER R, Bk, B, WELRIRN S, HIREL.
R, =C, 9, ®)
H1 AT, % B2 4514 R ) CoFe A CoFeNi &< 5okt 6, MIUETERIN[-C,,C, | . &EEHARN
Hmn A, BT P, MEBEHBEAR (m-1)(n-1) 4, FifZARRE (m-1)(n-1) M BRI,
R B B A A B, X T RA PN KRR AB BE R —Tui e R, HE AR

©,



WA, (LR AR

TIER RS SR O R FE 1 DASe B R B E (0 iR B AR A M RO B 2012 B iR RAFER A €, =C)
8 C, =Cy . HHEHAZAX(m-1)(n-1) 4, FMAESH 1L DMEBARME. N7, EAlik
o NBEHARFRE, SN, Fom ARTAETAM 1 ERWE. JIMAS=4c X i, BAWANIL
REER=TuHE& R RME 6 10, , HREREBEEY 2, FrASH 2 A BRIE, E1X %
oM O (E B HIRIIE, RIENOMS,, AR AJRTAB R TR 1 _ERE.

2.3. BAIEIER

IR ok, ARG ERM &N, SerMEiE 1. BEEIRHF 2R RLEURIT AR
R HAZIR LI H R RE[22] [23] [24], 5&I 1 ZEARRYERIMER, B2 7 T PSRN
e T e Mgt WERKBE, E8F T SRS o, (FAFZE, [2 T AMEF 55 WEE o
(RUFFZE) i . o o fw B FEAE sl 9%, TR AR N A BRAE, 7ERARIR L T, A A 2E P 2 A1 %%
A2, BURAA IO REAE, AEARAR I 5 A0 25 o R AU /I L

FEIXHL, KRt M. A hRER RS 6 RREEURTT, JF BT A I RITHR R B SEAE 51 6 = 0 HE4T
(0, XA R T A BEAT R 4 B, e 1 H, BT IRSEE . BT A% IR
Rl E AR

Xt B2 a5 A e R AR UE, TR IR B AL O SR T U -6 B MR, Row
R R 2 1B 3 AR o FIT LAZ% £ A 28 T AT (1 285 B HCHTS R A R K, e AT Taylor T sUHRAN & A1 T
FYRFHSR, S, BN,

S=-k>.C2.R, IR, (6)

X H kg /& Boltzmann % %,
XTI Sk, P, MBEHE Im-1. H,

51_a = _& @)
520( Cl
9, :(511 512 51m—1 ) (8)

RAEAK(O) AT 8, S XATLIRIRA S, HIREL, nF:

m-1
S = —sz{cl(ca +8,)In(C, +6,)+C, [Ca —%}In[ca —%H—kB
a=1

2 2

©)
{Cl (Cm 'S 5laj|n(cm —mz_:éla}rcz (Cm +m2%]ln (Cm +m2%ﬂ
FEET 0 FIfF LS, — I ARE T PRI T B aEA
F=E-ST (10)
EHMAETT AR N o MIT RS, Bik:
F(o.T)=E(d)-S(9)T (11)

A H HRERARHPRAS . PR, 75 Z5@d #0305 B fe K 1) SORH E & ek RSP .
3. R 5L
3.1. FEERECELM CoFe A& HFR
T B2 454 N 1) CoFe &4, SO ESE & For Co JR-FXF Co Sr I . PR T Re EAE R B IT



A, AR AR

B AW, BRI, W AR
E(6)=E, +a0” +a,5* (12)
Hrr, By /26 =0 PR, X TAUTE TR R MRS, a (t=12) ZREENZREHE
TFEEL a 5EER M M MRS A 5. B VB SAT DS BIE — B NN S ADIRES R F
JATReE. FEa it 6 =0.05F16 = 0.1 SArfE B N 521 f-F- 24 7 e IR LA R A 7 R RAF Y o
E(5=0.05)=E, +a,0° +a,5" 13
E(6=0.1)=E,+a6” +a,5"
TERSRITR 6 BIREL, W LEAE
S(5)=S, +b6? +b,5* (14)
Horb Sy /& 6 =0 g, X RLT 584 T0 PP I 40 o
T ZHb, (t=1,2) B— ok E1 Taylor FRIFUE :
1o
b, = ms((slm (15)
b, n #RAZ CoFe ALK Z2 B e IT b o5 Ao 0w 2 E & 4R bx
PR H B BE A Taylor BT AT LARR N

F(5,T)=F +cs%+c,0° (16)
Hr, F2&S5=01HMAE, RI5EATLFHTHBRE.
F,=E,=S,T @an
H HIBEM R (t=12) MEREX LT
G=& _th (18)
—ERE T T, ZuaskRIERFESRFMRZIRE T E RN R/IME, FRsMEREN
dF
50 (19)
d?F
M EAFRIET 5 AR
5=0 (21)
A
12 12
Y - O B . L (22)
2c, 2(a,—b,T)
T BHE EAR A AT BIE AR SRR L a, - T =0, BT DUREARIR BE I SRIE A
&
T, == (23)
by

K 1 &R CoFe &I T- B2 FTXT NP 248 6 BEIRET HIARMLIIZR . AN RN L P 25 BIons 82 (4 iR
T AL R A O KRR RN 5 IR, 0K < T <600 K, PSRRI & BUE 13 X

O



WA, (LR AR

0OSp—m—m—s—8n—u—n _
0.4 - \ _
sl N |
0.2 — \ _

\

0.0 L 1 L 1 L 1 L 1 L 1 L 1 L i
0 200 400 600 800 1000 1200 1400

T(K)

Figure 1. The relationship between the order parameter & and the temperature T in CoFe alloy
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Figure 2. At difference temperature, the rela-
tionship between the free energy difference
per atom AF and order parameter ¢ for CoFe
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Table 1. The theoretical transition temperature (T, in units of K) from B2 to BCC for the CoFe and CoFeNi alloys in equi-
molar ratio. The energy difference per atom between BCC and B2 phases (AE;, units of 10 eV ), as well as FCC and B2
phases (AE,, units of 102 eV ) are also shown

R 1 FUAST ARSI EE /R BC L (1 CoFe A1 CoFeNi 442 M B2 3| BCC IWELISHAR IR (T, HA2 K)FOK T, BCC
M5 B2 AP R T BE B 2E(AE,, A2 1072 eV) LA FCC AIAT B2 AR IFAE R T I AE (AR, #7510 % eV)

By T. (B2-BCC) AE; (BCC-B2) AE, (FCC-B2)
CoFe 1400 5.284 14.302
CoFeNi 750 2581 0.804
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