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I TR R e THRSERE, 10T il 114051

B E.AFAEFSEEEOFD, % Co.FeB,,CoFe,B, ML+ 8 55 Co-Fe-BERAL &SRB
R TR EREN H%E CoFeB, (B Co)hF EEHHE F M A B—Co,B—=Fe, i Hl# CoFe; B, (§ Fe)®B T [
ZRAXEHE CoASTRALFANTEARYS,ME Fe 3 &TFREUAMMNES ;B 2BS BRFREMNA
SR8 TR B K, T BP9 My -B 5 Co-Fe 8 FEI/EFIAEK : B Co HifiH Co-B 5 Co-Fe 5878 B Al ¥
4, M Fe HfEH FeB 5 CoFe BBMEHTME. ULE4RE - CRELBBTE Co4e iR e Emn
£ 85 BEFHE Fe MBS AGEH RBURE TR FAEMELR FE4LERSMMM. CoFeBERSE
SPEEBRFZEESEM, FERSIEAAL BILRRIE.

XA :CoFeBERAEE ARG BT B TR B2, BE T KM (DFD

B4 280641 TR ERS:A

&R MK SR (N Co,Fe, Ni, B, P)HBMERTEER—MA T REMLE R ENWHH. B
MERERHEENR CoFeBERSELAERRIFEE" ¥ HBECTE22AREESEME
MR BN E T ERAT WM ARRDY. X TE Mo MEFT BRFEGEMTEEHWERSUFES
B, Hu Wang & AUHIAE BERFAM FIHA SRS Yugo Asai AN BRFEFTHAESLIE
LA SRS, SHARARE T ZEKREMR R E THHEARA 5, BIA BEX CoFeB
EREE SRR R A TR AXREXR " P &R (Co, FOSEER B FETERILN 3+ 2

R LK B B Co,FeB;,CoFe; B, ##ll CoFeBEREAEHRARREMBI R TR, EEIH A
FE RSP TR RELERBISKE.

1 HBGITRERITHE

B2 IS #E Co,FeB, ,CoFe, B, #4172 ML ARLE M, 4 5l it T B #% Co,FeB,,CoFe,B,
% 15 FhATRE AR IR R Y.

2% SCH %5 B I R3S (DFT) U, 78 B3LYP/Lanl2dz /KB T . M EHE &N T BB R WM B #HT 2S5
AL B AR KRR B, 5T Co,Fe JEFRA Hay FA SRR ENE XL BEMETALE
FoH, B R A 18-eECP By & 46 (3s,3p,3d/2s,2p,2d) , %244 )& B 3k Dunning/Huzinaga XX & Z4 (9s,
5p/3s,2p). £ E R K M4390 HHE# F F Gaussian09 2 FM 52 5.
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2 HR5itE

2.1 RBREMBEMNEH

W H N FE I F R Co, FeB, , CoFe, B, #4725 [ SL AR M 31 , 3 % b A7 3+ B Ak 4k, 43 575 2 8
A OMEE, MEIEEFT RSN FRRSER , SEDMAH B4 5 3% BB & KB =R HES ,
I, D431 #=EHE Co,FeB; \CoFe, B,). lRIFE 1 &1, FAIfE Co,FeB, #4055 = f QU4 (1© .4V .3) [ A
FHEQVIMBIE=AMH BV .5V .19 .,29);CoFe, B, R T LA, BT =M X8 (3Y) . 10 £ 4
(22 29) FERG? 6P)HOMBE=MAEEQ? .3 4P 1), KPR 3P M4P HE /B FHE 58
Co Hi# Co.FeB, #Mitt, & Fe Hl# CoFe,B, ZHEMMKZ HFEFEEW, S MEWEME J.

&1 W%COZFeBZ,CoFeZBZWJﬁ!E#\]ﬂ
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2.2 #EEMERTARLE

HEAFRARREREERERAEEGE CoFeBRaEM H 2.3 438 M THEARES MIENS S
E., BB HEELE Gg; X THI# Co,FeB; : Eyu =2Ec, + Er. + 2EB-Ecare s G8 = Goorenz2Goo-Gr.-2Gp 3 XF
FH# CoFe;B, : Eyiu =Ec, T 2Er. +2Es-Ecora: s Gg8=Georernz —Geo — 2Gr. — 2Gs.

ME 2 pal LIE S B Co,FeB, PZEXMANBESNSE SRR ME 3V 1V EEBEERK
HYRE B ¥ 2 (1401.1125 K]/mol) , B & BE B M S K. SH#% Co.FeB, AIF, Hlf# CoFe,B, £ A4 A BE
FERER AR RR R REBRKWEREL. BIEKRE, B CoFe.B, MBS ERYKXTHE
Co,FeB, HHMAME SRR, 7T ILE Fe B CoFe, B, JF ¥ L5 RE J1 8.

RIEE 3, PR E A M BI7E £ SO B P T B m ek AL B 3 00 S, 7T D0 M B AR RO B 66
17. Xt Bk Co.FeB, SMBME FEERMAR, . T AN E HREEI R MEHE 3 1V RERANER
B —ESHMBERFTAMETHE/NTRESHE. WHK CoFe,B, &, BN AR, MM A B
REET R, BB IR E A R EBERBEMME 19,29,19 , BHBILFHF. ANEEF, HI# CoFe,B,
BFHEERH B f /N TH# Co,FeB, £MWA!, HHE Fe BIfE CoFe, B, EHAERMATE; 5550, 5H
& Co.FeB, A, Hi#% CoFe,B, MBI E A HT B i Re AR BB N GNE, S A B HA# CoFe,B, £ MR
R BRERAERKREN, FHTEHEEERREN, WERBE Co.FeB, £MAMESBENERKES, RF
FHI#E Co,FeB, #ikfaE M.

MEEERfE AR E BER TS E /R, B Fe FI#E CoFe,B, 54 M X HUBEE N ER, HEMW
BEEBERIE . AR TH % CoFe, B, T2 : & Fe HIfE CoFe,B, H7 i B HABER/NGAE , EHEM,
BAWAERHT B HEEMILE Co H# Co,FeB, L&/, HH FHM CoFe,B, WA, FTLUE Fe &4
BAEIFHREE, XEXEM17]FE Co ERE A PBEE" N ILHA.

2@ 2@ 1O — 5m
<~ 1800 2° 3% 4o 50 4 2 130 o 20 3w 40
E 1600 1® 20 2 6 E 130 # CO,FeB,
. = Co,FeB ® 90 u + COFe,B,
= 1400 30 FeF, E 131 1@ 9 3 X
2,
<, 1200 10 *CoFeB, 3 131 5 5o 300
£ 20 30 4 50 S 131 1 9w 1 w 30 4
= 1000 X
w131
B2 HifCo,FeB,, CofeB,2MRis:& A B3 E#Co,FeB,, CoFe,B,%& {7 Al & tifeds
2.3 pENR
2.3.1 K%EH

HEWMA T AREFRE AR EENEW,. R 1B TEAEMRBET S HH PMESEET
Co B Fe) s B4 % 1, A FE FREx B E M R AR, X FE Co,FeB, , BEA M B h & /B 2 (A4
KT BN M-M/%:0.69~9.40) , & B 5L BEEIT & B K (M-B/%.84. 68~99. 3D, MRt &
4V Hh HAh Bl sh B-B B BRI E B TR (0. 00%); SREREMU, ZESHWE P LB MBE
B 5 L /N (M-MY/ 04 :0. 88 % ~6.85%0) , & B 53k & B BE AT o LBl K (M-B/ % :84. 68~88.34) , 5%
BSARZAETF BB EMAKNBEEE —EBER TR, TR LFI N 8. 47%~10. 78 %, X F TR BT T
SRBZEIMNTEBAEB](0.88% ~6.85%), A L B-BEBZXM AR ESKEHE Co,FeB, WEt AR, 3t FHE
CoFe; B, , 5 Hif Co, FeB, #I[F] 2 Ab7E FHiA MBI v & JB 2 RIS BT &5 8 /N (M-M/ % . 0. 00~23. 82) , &
BEIESBELEFT G A (M—B/%.:58. 54~100. 00) , 555 R E 20 R E ML M—B @ Fik; A
[ Z AL 7E TRR# B 2 51, A% CoFe, B, £ WA B-B BE X E A FTHk(B-B/%:3. 00~17. 64).

NTRBEREFBAEREENTRBE N, A SCRB A RB RN FHEFT & 2R e 34 A 4.
B 4 50, R AKX H % Co,FeB, 5 5E M M T #R KK A Fe-B>>Co-B>>B-B>Fe-Co= Co-Co & ; K th Co-B,
Fe-B %% LL 51k 399071 4050 ,B-B L FTH N 13%, M Fe-Co,Co-Co B I BFERE, Bk 4%. 5HH%E
Co,FeB, 10, % 255 %} H# CoFe, B, £ 5E P 1 i Bk #K K 3 Fe-B>Co-B>>B-B>Fe-Co>> Fe-Fe 4 ; H.th Fe-
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B.Co-B# % % 38%.28%,B-B & HK FHEk N 20% ,Fe-Co . Fe-Fe BE T8I/ 9% .5%. A i, M-B 4&

xtE R E RS M, LR Fe—B BEAT G HHIRK.
# 1 H# Co,FeB,,CoFe, B, & 3 Al @ @R & 1k B

The proportion of each bond order

Configuration PCoCo/%  PCoFe/%  PM-M/%  PFeB/%  PCoB/%  PM-B/%  PBB/%
D 3. 46 0.00 3. 46 37.63 58. 90 96. 53 0. 00
240 0. 00 8. 08 8. 08 25. 95 65. 97 91.92 0. 00
3M 2.78 0. 00 2.78 19.55 77.67 97.22 0. 00
4w 4.83 4.57 9. 40 37.53 47.45 84. 98 5. 61
50 0. 69 0. 00 0. 69 38. 49 60. 82 99. 31 0. 00
1® 0. 00 6. 85 6. 85 25. 54 59. 14 84. 68 8. 47
2 0. 00 0. 88 0. 88 31,33 57. 01 88. 34 10.78
3@ 0. 00 1.48 1.48 28. 88 58. 90 87.78 10.73
Configuration PFe-Fe/ % PCo-Fe/% PM-M/% PFe-B/% PCo-B/ % PM-B/ % PB-B/%
1@ 0. 00 5. 29 5.29 54. 48 32. 09 86.57 8. 14
2@ 0. 00 3. 16 3.16 58.50 27. 64 86. 14 10.70
3@ 5. 35 3.55 8. 90 59. 32 26. 69 86. 01 5. 09
4@ 6. 00 3.98 9. 98 59. 82 23.55 83.37 6. 65
5@ 2.12 21.70 23. 82 58. 23 0.31 58. 54 17. 64
6@ 0. 00 1.29 1.29 66. 24 29. 47 95.71 3.00
1@ 4.93 2.77 7.70 57. 42 25. 98 83. 40 8.91
2(H 0. 00 0. 00 0. 00 65.17 34, 83 100. 00 0. 00
3@ 0. 00 19. 04 19. 04 66. 35 0. 96 67. 31 13. 65

H# Co,FeB, At M-B 4Ll o5 79% , 55 Hof 58 9 bl AE 25 36 % K, WP EI# Co, FeB, B E A Ak MY
WA S]; 5E 8 Co,FeB, A1, H#E CoFe,B, §1 M-B &% FF |5 L B354 (66 %), H Co-B 45 B-B
BB E AR K (2824 .20%) 5 7341, B8 CoFe, B, ## B-B,Fe-Co.Fe-Fe 8% Lt.41(20%.9% .5%) #3435
K TFH# Co,FeB, #1 B-B,Fe-Co, Co-Co 4% .4 (13% .4 % .4 %). 6] WL, B I 5 42 4% Lo 1 39 A1 (L 7R B R
&, Co J FEE/R LI R AF TR S 58 Co B Co,FeB, Mk, & Fe Hf& CoFe,B, # ¥f % & ¥
A TR AR A B384, A 2 T B AR AR E M Bk O T A B B R R .

I -Fe-Co
1-B-B %
13% I -Co-Ci

4%

1 -Fe-B
40%

[ -Co-B
39%

B4 FI#%Co,FeB,, cOFeZBZ%%%Egiﬁiﬁttw

2.3.2 KHREK

RHE 2. 3.1 Wit , BRI Co-Fe,M-B & B-B 42, 43 71X = 2 5 %t B 45 19 5% W) (M., 5 H1 $ R1
FFABBRENERIRT);E 5.6 45 E Y T H#% Co.FeB,,CoFe; B, £~ R %48 F R B 3 i 49 28 1k
MR (BRI EE B KB SR KHESD. & 5 M, H#% Co.FeB, " Fe-Co 485 Co-B M AIRE R MM =
AR Ak AR, K R I [ 3 1R 8  tr R/ P AR BB B 6 1, Bl # CoFe, B, H Fe-Co 5 Fe-B KM B fE
BT EEI R AR, R EAES BRRANEEKE Y HREER; 7T REHEEN M., -B
5 Co-Fe @) RI/ER MR ; HI#E Co,FeB, # Fe-Co 5 Co-B R4 58 & [7) 3% 7] +< 04 tp 6] VE A 7T BB 486 A 4 e 2>
g 2 1A AR E R AT R R TSR E M T CoFe,B, H1 Fe-Co &5 Fe-B A8 3 BE iy 48 140 351 £5 A IR
HTHEFHBIZSE, S MAENRENE. &4 2. 3.1 8318, & Co BI#E Co,FeB, Hxt e tH Fmk
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RIS LB T A 395, B-B X KA E M RE/D, X TR EE Fe ABEREMEFWEE. 88 5.6 RF,
BRIGEL 1V 70 6, i #% Co,FeB,, CoFe, B, b T A M A vp B-B K /0 T B KT 242 Z 1 (0. 190
nm) , 73 5b, B-B §8K B4 £ 58 B 9 3 0 22 4L 8 BE AR X 8/ (0. 161~0. 190 nm) , YiB Co-Fe-B ER/EH &+
FF7E BBIEEEREM, £ RS NiBELPHELE BBIERREMMLREL I CELHHK Ni.B, #3
W RREEL, WAL LB CoFe B RESE PHF7E BBEEEEM FERERAAEHE
LB HIE.

033 0.45
0.4
£ 2029 z 040
8 = 2 £0.35
o 2025 ~]-FeCo o =g « I -Fe-Co
.. —tte=Lo 2
3 ® ~Icon £5% « [[-Fe-B
g 2021 -] _B-B 5 §0.25 +~ 1-B-B
® B 0.20
]_(3) 2(3) 3(3) 1(1) 2(1) 3(1) 4(1) 5(1) ' 1(4) 2(4)1(2) 2(2)3(2)4(2)1(4) 2(4)3(4)
5 H#%Co,FeB, T &8 M EIHT I e HlfECoFe,B, & F25E M AIHF K
2.4 BFHER
2.4.1 ®WTFHshM

B 7.8 4352 T B # Co,FeB;,CoFe, B, &M ALE-FHH & (X Co, X Fe, XB 435118 i A Co,
Fe,BIRTAr# A B ML), RIEE 7, B Co,FeB, FRESME 1V 27 3D 4P 5V FF A
M, K& BETF Co,Fe il ,BJRFHIEH, Bl Bl FHM Co,Fe. M=ZEXSWREFB4ENAR
M. Hp 1° &R FEESRESHEAER 2B FRENS5AEBME,Co,Fe PHBE TR B FETF;3°
W% Co,BEFHRBHF . Fe RFRART. ZAXE ESHMRENBAHENE T HINEERBRE R, 8
ESHANEFRAMUBRTFZE5WE, BESHEAT BEFRIABBBHMAETHR, HNERE
TR ME=ESNEALRETHHBESRESMELIEE /N, T IWE % Co.FeB, B F i #—, Lk B—~Co,
B—>Fey £, XiEM T M-BER SHFRRLLHI(79%).

RIEE 8, NEBEH BN RKE, A% CoFe,B, NESZMHAE R HTHEMEME,.HH Co Ml BH#HIFH,
Fe JRTH# i, Al MU ESHWEE FIRE N Co>Fe,B—>Fe. ZEAM AN T B M2 A 19 Co #H
H,Fe, B HF EH , B F IR0 A Fe>Co,B—>Co; RS 2P 1 6 th [ T ¥ AR [H] , L F Wi 1 Fe—~>Co,Fe—~B;
H# 3P 4P B F R K B—~Fe,Co—>Fe; # 8 5 /i Fifi (7] & Co—>B,Fe—B, u] JL 1 # CoFe,B, 8 7
0 AR AL » BT 3R 3 O 1) A SR A 2. '

W L BORE  BEBI AR SR E TR H R TR SR S B Co,FeB, BT R
FEH B>Co,B>Fe, X RE T X H# Co.FeB, W EMA THRAI B L LB A A 5], M-B 884 L6l K5
T A1 #% CoFe, B, ML ¥ Uit 1] ZA£AL , i 5 BT 40t , KR LBl 43 A B0 2950, AT A B3 O R B o B 46 W
HBEFHSENBIRF, 58 Co %ML, & Fe BI# CoFe,B, FLEMMMAMEMNET . A TFRI T ME
mEH ESKSERENHE,BEFHSIHELEFTE Fe A 2ERSh, TRATNHELE RS Yugo
Asai % AHIBFR 580, '

2.4.2 AL IETHE Mulliken i JE %

HERATE K Co,FeB, .CoFe,B, kR E R FZH B FRMMHEB I H, K 2FH T Co,FeB, .
CoFe; B, £ H M B I8 A J& B L B 1) F 31E. '

B 2, KR E , H#H Co,FeB, Ml CoFe;B, HEHEMB KRB FHEE—H, £ BET Co,Fe ¥k 3d.4p 1
BRAETFSPEBRBTBREF 2, 2p PLEARBERER K 2s PUBERE T . 2p LEBHBFBRETF 25
PEZRERT 2p PLE, 5B REK Co.FeB, WRBESME = HMEB K A2s: —0. 715;. A2p:0. 500),
IR EARWA BE T 2s BUEHRKH TN, HHME Co,FeB, RUtM TR X SHE 7 Byitibs
ROBBEDWAD BRFRIHBGRMK B FHE, MK R B TR M. WE %548 Co,Fe t 3d,
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ds PUEH BB BB KRE 4p UES/D . XUHEB SESBRERE TEBH 3d.4s B, 4p HE
X B8 TR/

% %
> 0.80 > [
g 0.60 } g 0. 207
0.40 0.10
§ 0.20 S[-Fco g I
Bi-Te 0.00
g 0.00 al %y 8 %%
8 -0.20 £-0.10¢

: ~0.40 : Y 2 9 @ 1@
'ﬁ -0. 60 f. -0.20L 1@ 2@ 3@ 4@ 5@ g 1®W 2@ 3@
B7 H#CoFeB2H EREMBMETHER K8 HifkCoFe B, P &R EMENERFHHE
F 2 H# Co,FeB;,CoFe; B, & EFFHIE Mulliken i EHEL R FEHE (eV)

Configuration VCo(A3d)  VCo(Ads)  VCo(Adp)  VFe(A3d)  VFe(ads)  VFe(Adp) VB(AZs) VB(A2p)

Ie® 1. 093 —1.175 0.236 1. 054 —1.120 0.262 —0.715 0. 500
I® 0. 813 —1. 085 0.268 0. 790 —1.062 0. 269 —0.757 0. 658
ne® 0. 824 —1.081 0. 259 0. 789 —1.033 0. 327 —0.679 0.679
o 0. 817 —1.088 0. 256 0. 823 —1.116 0. 328 —0.443 0. 659

B TP ®#EPFK CoFeBy ,CoFe: B Y X MM, V RIS EH MR PUE A E BN E R T I9(H

3 & ®

St @i #% Co,FeB; ,CoFe; B, Al REAFTE H# BUMETT AL T S A SR 5T 4 -1 A0 40 22 0¥ R 4t I vl 7k R O
B CoFe-BAHB G MM (118 Co HI#E Co,FeB, 7 B TNt FIRFHE/E Co,Fe PIRAR
FoMT LB R RS L BIAR 2 K AR5 5 & Fe BI#E CoFe, B, &N ey T I 1] B HEAL , SR LU 53 A
TS AR et R 4ERF;[2]F Co BI# Co,FeB, ' Fe-B 5 Co-Fe U IE E R LAKAMFA,. M E
Fe {i#% CoFe;B, #1 Co-B 5 Co-Fe MBBREHHE B K, T RAFHAE S EHHA K Co(Fe)-B 5 CoFe il
REBHEMRN, U ERRSEENE Co R EERBERZE "B FTRME T HIKE. [3]H%E+ BB
B ARG R BB B, W] RETFTE L B IR T [ B 3 B R Ak

2 £ X W
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DFT Stuty of Bonding and Electronic Property in Co-Fe-B Amorphous Alloy

ZHANG Chenggang, FANG Zhigang, ZHAO Zhenning, HAN Jianming,
LIU Jipeng, XU Shihao, LIU Qi

(School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract; Possible configurations of cluster Co, FeB, and CoFe, B, were Calculated and optimized with the Density Func-
tional Theory (DFT) method, in order to study the Bonding and Electronic Property in Amorphous Co-Fe-B Alloy. The results
showed that the flow of electronics is from atom B to atom Co and Fe in high Co Cluster Co,FeB,, ulike cluster Co,FeB; ,the
flow of electron in high Fe cluster CoFe, B, is more complex. It makes a more uniform distribution of bonding among all atoms
and various kinds of bonding were generated for the stability of cluster CoFe; B; ; Further more, M-B bonding has biggest con-
tribution to Amorphous Alloy and synergistic effects of M., -B and Co-Fe bonding are inverse in different Cluster: the varia-
tion trend of Co-B and Co-Fe Bonding strength have same tendency in Co-rich cluster Co, FeB; »in contrast, the tendency of Fe-
B and Co-Fe is inverse in Fe-rich cluster CoFe;B; s those maybe the reason that the thermal stability is weak for Co-rich Alloy.
In addition,atom B made the structure, bonding and flow of electron of low Co cluster more complex and made it easier to gener-
ate amorphous alloy. B-B close contact can be found in amorphous Co-Fe-B alloy system, we hope the conclusion could be veri-
fied by experimental result soon.

Keywords : amorphous Co-Fe-B alloy; local structure, bonding property; electronic property; stability; density functional
theory(DFT)



