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REBRERED, BRESEKEEREK, AEBRELREKEERAKBENLE,
TTT HEZMEBEAR, HERNASEE. BERARRYELSRBIFHATER
PR B ERG, NIRRT MEST o HEREBEIIALNER.

R RG R AN T A% REESENERERE . P ERAEEs)
HNERERARBRUTEEZNERIER.

XA S HE: TERK



Abstract

Abstract

Under the external magnetic field, the thermodynamics and kinetics of phase
transition of Fe-based alloys have become a hot topic in the field of materials science.
The previous research indicates that the microstructure of Fe-based alloys will change
in the external magnetic field. Consequently, the mechanical properties of Fe-based
alloys can be improved by controlling the strength of external magnetic field and the
temperature of heat treatment.

So far, the thermodynamics and kinetics of phase transition of Fe-based alloys in
external magnetic field were rarely studied. In this work, under the external magnetic
field, the magnetic properties, the thermodynamics and kinetics of phase transition in
pure iron and Fe-based alloys were calculated. The results are listed as following:

(1) Based on the Weiss molecular field theory, the magnetization of pure iron and
Fe-based alloys were calculated under various external magnetic fields. The Curie
temperature was defined as the inflexion of the M-T curve, then the Curie temperature
in the external magnetic field can be obtained. The results indicate that both the
magnetization and Curie temperature increase with increasing external magnetic field.

(2) Considering the influence of external magnetic field on the Gibbs free energy of
a phase, the o/y phase equilibrium of pure iron, Fe-C, Fe-Si, Fe-Mo, Fe-Cr and
Fe-Mo-Si systems were calculated, respectively. The results indicate that the o pbase
become more stable in external magnetic field.

(3) Based on the diffusion coefficient model without external magnetic field, the
diffusion coefficient model with external magnetic field was firstly deduced. Then the
a-Fe self-diffusion coefficient and the diffusion coefficient of Ni and Co in a-Fe were
calculated by the deduced model. The calculated results indicate that the diffusion
coefficient decreases with the decreasing of temperature and the increasing of external
magnetic field intensity, and near the Curie temperature, the diffusion coefficient
decreases obviously and the 1gD-T curve becomes smoothly.

(4) Based on the classical nucleation theory and grain growth model, and
considering the influence of external magnetic field on the y—a phase transition
driving force, the critical nucleation energy, critical nucleation radius, nucleation ratio,
grain growth velocity and TTT kinetics curves of y—>a phase transition in pure iron

and Fe-1C (at. %) alloy were calculated. The results indicate that under the external



Abstract

magnetic field, the nucleation potential energy and critical nucleation radius decrease;
the nucleation ratio and growth velocity increase, and the nucleation ratio changes
more obviously; the nose of the TTT curves increases and the time of phase transition
shortens. These results are good fit with the condition of grain refinement, so they can
explain the reason of grain refinement in external magnetic field.

The calculated results can provide a guidance for the experiments of the Curie
temperature, phase equilibrium and phase transition kinetics of pure iron and Fe-1C
(at. %) alloy.

Keywords: External magnetic field; Phase transitions; Diffusion coefficient
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1.1 ghiA

BMATTAT 200 ZERESFETER B, BAHKERZHBEANFAR,
BEEAMARNHERRMREBE, BZNNACSBEIEMUL, LY.
E%. (¥, 58, XEEH. HHE56E%.

20 #42 60 FRRKIAT B SR, 80 FAMILT H 5L R BBk il kR
R AT URFERR KK TR RA KB EH RS, KR RS
RAEZBNE RSN AED E, QEBRFAERTTATBREITHE
WRMEERNYT X, MEB&EE. Fril, EEREXRETNAKFEARR
MoREEE, mHERE EAKES.

WA tE b —FMEH KA YRS, R HAERKRA, RS K ES
¥, MO T 3R A5 #vs 3, EREMERET MM REREE, T
MAT&BWE, ERsFHEETNM. XPKRuaNA T K6 E R E
AR TR B BA R SR AL B 5T U B R A AR

1.2 SMESHEA R E I E PR

1.2.1 S ipEm A E TR RE R

TSR T R F i 25 SRR 1 S hE S b T AR RS
HLhT, XFHET 19594 B2 ERDCA (EENF R SHAL DM RBEM
BassettBy e iR I, MR A MK,

20t LOEREREFRARRIFE T FRES A4 T HENBIF, 15
RER: (1) BIHR KA D RARERRA. DREHESAUITBRTEN
S RAREARBAL. RESHE RIS IR AR A RR K B R
B, (b) EKGERPMARS TSR ERARD RASE, HOLDREAR
B, () ZE e HI B IR T LA B R A B MICCT IR A8, WiBH:
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Th. EREKELIET Y, SR RRREANTRENE, EfAHEEPCCT
HZMEBY: (@) B SR KT LR A R RENRENE, €34
BEKAERNKRESET, FESEMNE; FrdEdR, EnNKERE, 3t
NMEARENRARKEEE —ENEW; () BB XBREEAERHAR
A, BRERBEAKBERDOEH TRETHR TR REXERE, () £
HEIZRE T, MHAMURRTYRABEFRE, BT RS0, RS
A HEEWATERD KAAR M SRR,

ARENBES HBREGNERERE S S EE 5B BT 0ERISS,
RERIRMNBLE RPN, BAFLESANER, HEELT B XEEREEHR
MLk AR P B . MartikainenF1Lindroos!' 2 8 SE 5T T 3R BEIH X1 ¥4 5L,
Armco kB4 BT AW, SREHHSGTUIH EERBS RLE, FEH8R
FRLEEEMT, BGHEEAFENLTREN B, MR RAEHNEE
HABLERNER, REASEROXBEEATREZS, HANBHESERN
HAEFRSFURENEATIBRENKX, BAEGHEME S, T BERZIHK
BTHAERFER. lsh, MesEEiExt T8~ EMBER, BLES R
EERESZBH.

BIEAE (&R) #RENBT —FHERALEFT L2 HHTREERE,
fBjFRMTMP (Magneto-Thermo-Mechanical Process) #:. %R F|F RIS T Hik
HRRBEAGHARESBHERTE, BESEBAEMAR RHEERRE
X, REERBLEBEEXEITEAMT, 8% T RHERAHELRES R A
HR, MEEEBIHSHITA R EEERES &S, BRETUREGBASHARA.
ERRBABEIRPFEMNEIMIATERAK, EEMNREREEEEH
mAUREIN2 T (TARETRE B4 U AR,

1.2.2 SMEIF TR EHE R NE
EMERRSGEER ISR S MERLITRE (Fes), NmeE
BN SRR AREMEER.
SIEHEANMBIHR T SCoR A (6.0~9.5 wt. %) FIWC-CoR A& RIS
TA, BHLEBHWC-CoREEMZRELTHIBMEMR, RE (0.01-0.02)
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%, HERIHELRS, WCRR MR, BE. BEERE. SAEFEA
13t Fe-22Cu (wt. %), WC-40Cu (wt. %) &R TS T HITHBRREHTT
B, S5EHBERTHL, ARMENEEHERS, BHTEEITE, 1
BRENTEHT, AN MERSS BRI MAZZHG N, RIERRRNER,
A& BAE P B IRAT B IR, SRR AE F U S5 S IR 3% 2 18] B PR LA P A AR
SXEEN D ET=ERW.

BEMEHN— N EEEREFRRBABREEME Jo), ERAIE RE
DEERIGEA, EHME MRS BRI M. eSS RS
MR EMEE, SRR, 8 IBEESCERNAE KT, Holloway
A% AP35 T HoBa,Cus 0580 Tk 454 & REBa,Cus05.5 (RE=Y. Ho) #BRHEH
BIHM R . Holloway? &3t i & 17 B 4 T HoBCOR K B K X #2337 T B
R, BIFRB SR M BTSRRI KR RS, SRHPIREER
A Ik 37 i) 38 KT 3K

1.2.3 SMdinx & RBEEHANE R
ELBRRESEY BN EREARLH. REVEEENERTEZ
—. BNVivesZ B REZAILTEELBREARUE, THAEEEHERS
M-SR EE R SOFEMR LS, Wi T LA 1 2 7E e B U BT R B il
F) B AL, BEE R P MRS E BB R TG  EEES ME RS,
FIMEBE R ERRRESS, W8S . K, ZRES%.
(1) BB REARMEM
HAEGSIEM: hEAKEFEN S ERENERRZANGBSLE>
ARMEREEREG. EREZEEENTEEMNEREEIEY. HIGAREP
B & RRERIENEWIEIELPTHENFEP: — £ ARITRIE
RN, =& A UiS | R A B B TR
FHPIE LI RMERBSAERT, TLRAL18Si (wt. %) SEEER
BRER R ESHFRERE. JRBNREH0.15 TALAR, PLOARAKREMILIA
%, BERNIRAE H0.24 TR, RASIHIRITIR. SEBEERKANAF, Si
BT A RARE. UhlmannZPE 8 T 0.2 THRBIZAA-Cud & E A5 6
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W, RATHSZREALS NS, MAAMERESEAL A EENERA.
SRRV, BRI TIBERMTR, FEH &S 0OBRLNRZEHEA RS
BIPLE K KD, TR T S5l S A 8RS P T Bk #E % T Al-Cu
EEMERERE, RASEUHLGTHL, HRETHIIBEFBAEKRASH
WHE—3, R ETFFHEERD. X-&E N BBEHSIME T HiER, 5
BRMBEAEKRAXRBZIME, WFTTFRAT RN EKRE,
(2) B & RBEEARMEN

EER, ATFREBSSHEAMBRTE, RESHZHRGRE, RAARE
BE SRS THEGET AR T WTaE. B ASEWEEHK TR
RBERHFIT R, FATRRING TR EAHAIR, ATTSREELES S
R EKR . REHTIRBRSARER, AREHAT —FA%. Mikelson
SN AI-CuRIC-ZnE A ¢ B FITHIZ T E18RE, MEIELSHEI T
BAEECPAT TR TR BALR. Ren® PIIYusudaPIE 38535 F X Bi-Mn& &
RIEREAT AT T ZEANBIR, RIBi-Mné &7EREBMA X EER, MnBi
AR RTERL S R T W RS 7 1) 8 RS K, SE mHESY R F Bl A ki 93 B PR 38 K
TR #, EREMS T, RAEHRIFREEAN. TEECMUY T RBIHXBI-Mn
B&355 CRAEESAEHNTR, MERGBENEK, HEEERITIYX,
7610 TS TR E R E20 °CA A, T ESRRZ KRG /E R {23 TBi-Mné &
MBS R B R
() e & RREARMER

FEEEPIY AN B S SEIFENER, E—REaa4mk
REBRER; XoERRR, EEREENIER; H=BE4E&rRR
B, HIERBRB&SE. B BE, SEREKE 2R EEA, BR
I IR I B AR S SRS BEY, Rt T 4&mMEE.

Ren% > It BEs4 M7 T IAL-SIE R A ST T R MBRE TR, RIILRH
HHATEREK, KRMAPH S) HEREETRRMIRE. BIREPIH
RBeFE Mt REEE SMERANRR: () KHEGHItREEE SR
ERAAERMNL, REEBEMEAERRREMSE: (b) REMSERAEREH
RYVEREE, HEVEREER, FSMRNERM. RS ACETH TR



-8 4 ®

BEs7E R TS ShE &R N MR R, EREEBEATHESRES MR
B BB TEEHREAAHBLE T 4 2Rk,
@) TG ERBRE AR MER
201t 42604EAAW.C. Johnson VP Ist=x a5 itk A F & Bk E#T THF
R, RIS T AR/ 50 50 X P9 B R0 R AR B X AR AR SkAR
RPN R L, M T RBHIHMAL33.2% Cult@&RAE4&h BB T Al
¥, STRE, RH TR SBFHEEAPAEKERER BT ERN.
FELE AP NSRS HE RS BN R, s 5B R
RZERAERBMEM, FERRN, KRR AK¥ERERBEIERL, A
MR E G R RS, FRRKFPARER, BAFHAPRE, E—PEZH
e SRLRIER .

1.3 ShEsmM EISHERNE R

N SEARRE (BES. RA%%) M, SMNEHNERIEERA
A, ERESEHYET AT REHREMAERERL. FR R E R R
MARGHHPHATEHREEFXR, BLEESSRSNRAER,
S E ST W. ‘

Stk A & B ook I SRR UBEAL 33 K T foc & HOMRREAR I REAL R,
RiH LA AE RRRACEAN R TR, Bfecsbectf i T2 B FE R
P& R

13.1 SMEHTRIDREEE
13.1.1 SMEIFHDRERER Ms) RABEEDHHENTE

XS TAHAZRET AN, KSEHAENHRUD KEEZRELTH
ANZH. FRATORASRKENEEEZRBA, ERKAERDRERER
AP, GSRER Gibbs HHEEKRERS T EE MK, TR RKEN
Gibbs B HHREZERES T RHEEDS, BHLAFSREENDRACEHRS TERER

SE. WE 1.1 FiR, BT HED KM Gibbs HHEHG, MBIGY , TRKAER

5
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BHEERMG, BIGY RAER ML, TRFMNTERERHT, ABRITY,

BIL AR Ms FEZ T 8. B THARKI IS R TRAEE Gibbs B HfE
=, Bk, @G EEREX-HRLRE.

Gibbs freenergy (J/mol)

Temperature (K)

B 11 A, BHEGNREERND KA Gibbs B i fEFEIRE KL
o- G RAk; y-RIKE; MSMES
Fig. 1.1 The Gibbs free energy of austenite and martensite changes with
temperature with and without external magnetic field

g-martensite; y-austenite; M-external magnetic field

M 19 #A 60 FAUER B F LR RAB/MISMNES BEE D AR Ms KA R
M2, P4 BB AR 44 Fe-29.9Ni (at. %)- Fe-31.7Ni (at. %) 55 Fe-32.5Ni (at. %)
AFRMNR, HAKAE Ni BEH, SN EE Ms AW, S5k
B AT ARN, BHDRAEEREBIFAE, BXFE 3252 % NiEE, B
B KA BRI R MM ATI . Koch RIFEIR HMPIB%8ER 3 Cu-1.5Fe
(wt. %) EE&PHRMD RAMER, BIETE 4.2 K i i REKBARBIRBARRE.
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AmEEHE, £RKA 29% ML K&, MEHNERKY 50%H 5 K&,
Bernshteyn 5 51 7€ Fe-Ni-C Il 3 K A B P FIA T 4000 Oe KRS,
OB EEMRX—HTIRE, fuABEMERERSAR 10-15%. #H
HREMRE Ms AN, HBX—ERALETHMEAZEMNASZ U ETR
BEF= R B IER .

H19804E/2, HAMKakeshitaSHFREHITTEAR. RAMTIHES, i
£1%31.75 MAmBI Bk RGBT 2 M SR E S &N D RARRLRES, HRI
EMs R U EBER D RAER TS FE— MR AER, KTRERSRISH
DEAHEE. ZhAEREBEAARTEX, FARE THEM ST RIEHR
AR,

AG(Ms) - AG(Ms') = —AM(Ms")-H, —(1/2)- 7 -H? +¢,-(0w/3H)-H, - B
(1.1)

AH: AG(Ms) — Ms R B 5 F R Gibbs 5 B HigtE;

AG(Ms') — MR BE R BHH 5 FT AR H) Gibbs Bé%: B g E;

Ms'— HHERDRBHRA;

AM(Ms') — Ms"BER REKAS DRAR B RBILRE ) =;

H— W358,

H, — BRGREERK L A#ETERE;

1 — BHREKARRGHALE;
g, — HENRE;
(Ow/oH) — ZBHBRHUBURGE R,

B— PR,
HEEREH, 3 FFe-Pt&4") Invar Fe-Ni& 4™, Jklnvar Fe-Ni-CE4&
U8 nvar Fe-Mn-C& 4P, AMs(= Ms'-Ms) GHIIX R 5 LM% R+ 5 /E,
E1.2f7R.
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Fig.1.2 Comparison between calculated (line) and measured (dots) marte-
nsitic start temperature increase vs H for several fet'roalloyslssl
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BSAAR I Ms R B W, THDRENEZHNEFEEW. GZEMEPEF
HEEFPFDRAREE, —FHRETRER: H—HESEEE. X T, TR#E
R E B RRE MRS M MY TEE, DRENEZEERREN
f) FEE T 39 R B R R A BRI T3 . KakeshitaZEPUBF 9T T His% X1 Fe-24.9
Ni-39Mn (wt. %) FIFe-24.9Ni-3.9Mn (wt. %) & &S R 5B KAHE %
I mRE, R E Bk % {EFe-24.9Ni-3.9Mn (wt. %) B Bk 4K,
BETITHA A LNEE TR, FEM%EE, wE1L35R.

300

10" 10 1 10 100 10 10

HRiERFE (s)
E1.3 SN 44 Fe-24.9Ni-3.9Mn (wt. %) 5 EAHBTTT L M1
Fig. 1.3 The effect of external magnetic field on TTT curve of Fe-24.9Ni-3.9Mn

(wt. %) martensitic transformation!*!

13.12 MEGERDRBHRENREERERENL

BT T A BIRE R KA 5D REZEIK Gibbs HHREE, R Ms
BE, DRENEZEZLDLZIEN, BAEXZHEEALREERD, GK
HEZRATEN, MO RANEZEXEZREZWENRLER, Eit, iR
WS TORANEZREREAFEREN, NELHFENANE.

B HR AL, XAFEAFRAEREUARENE D RANEAREDREDITZR.
BRARUEDRANERAMDTRATN S, BHNDREETENERERAR.
TR KK, EESRER AMs (= Ms'-Ms) 18, BRAEKERRESA
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S pisa” 9.57.60.6] ) B RRE T EETHNIEAHEKKR, RETHD
AR RER B T 200 T FIeAE D ik, R T N AR5 58 5
HEFHGRERBE, RHBERIRERENHEEFRRESKY 9,
Kohno &R # S 1t MBI 7E SUSI040L R K ARBASEF NS, BIER
RRERE 26 T iRRAEDKARERENHEHM. Shimozono ZHFFH
K Fe-25.5% Ni-3-5% Cr REKANENEE 26 Tesla HISRHT T o B RAAK #2E
BHEAT 10%. Kurita SRR EKRT . BENHRBHEEREETIA Fe-37.4
Ni (wt. %) &€& 304L. 316L AERM D KFEZIRER, FRRAERADN
MEP SRR ERBARER. FRERRY, 3T 304L #3161, £H
HEFERDRARRNEST, DRAKREEEISERERMRA M, T
Xt F Fe-37.4Ni (wt. %) &4, BHMERANTIER.

gesh, RTINS EFEESED RARRMEWH BT T XENTIR.
HEHRLERKRY, ERHETRE. BIZRENAEN, BERDKERNHHM
THEMEHRERDRBHEHMELHE SRS, i FRBED KA
BREAATFRERDKANEREE, X—FLESREMEHRRRTHE
FRIE I R 2 B PkR . (B Kakeshita SR E IR L R, 7B F Fe-Ni 4
&, —SHS G ERNOD KAEFEZOENY mHBHERN—RETE
H—. ETEXMEREKKERERHRAERE, RS BRRRE
EHREF X,

SN T DRAEZHIFAZMNELEN D KAETHRBRE TR, mix—
WREOFALEEH T RO RGETER, FHEMNTE.

1.3.2 SMEIA T RIS RARET
1.3.2.1 5halIA RS B EC f- 3k 3R b AR T 4 80 &

BB T OREER ¥, RRE-RZEATORETEIES TRE
B HAEET B LR KAR, NS FERERZRL. BRI T R K
BRREHATREMBEA T — MR

TSNS T BRI RS LFE 5D E, 20 HE 90 ERKEE
2y, HEERAANFRAEFHEREN. RARHRIMES T Fe-C ZTRE
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SAHFES, HBTRIFTX Fe-C-X ZRE &S TFEHHAL,
S E Y R N REASR R ML R B A4k, ZESMES TR AR A 1
BRBPESEE u W 1.4 PR, HRERXA:
u=—MH=—fHdM—fMdH 1.2)

Ho 4= [ HdM SHBESHERRRCE MOREFHERT:
4, =- [ MaH SVRUHTFRBERIYE A e R

Magnetization

3_____.__

External magnetic field
14 BUABESIEHHELRR
Fig. 1.4 The relationship of magnetization and external magnetic field

FEAE-A) R A, BAME D SREHMXOB B B fE E, Joo AR Guo HFA™
TS B Joo BAIERIEM ¢ M5 REHREYE B BRI RBIT:

G =-[" Ham (1.3)

G = —% 2 H? 1.4

AF: y—HHE
A (1.3) EATERES: X (14 ERATH#ES. ARPRHXBSEEM Ay .
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T Fe-C “nFREE€, RRGEMPANBEEEZ HRX TR, BT
B ATE B Curie-Weiss EAEIHHH®); BT %R IEMBANBLETEE

5EXRESHRF, MEAERBRERERETH, HEFAR (1.4 REFSE
FABRE B 8. Joo A Kim SHFFAE VR Weiss A - H BRI, FHFA
X (1.3) HELWBETCEAKEEN Gibbs B B hfs, HEARMESE LRE
M-H #Z&x= (1.3) #THRGFHEUSSMES A BZRER Gibbs B H HAER
8. 5, BHZE BB E BE LN A B RO SRE T LUR B Y B R BRI
ERNTE—AE/IHGBEAXNPNESEIITRE, FrUARS HIERSMES
SRR A MERER, HFEX—HANGEEZRRAR. REWL, SR
REASMNEG THERE—KER, HBETHMESX Fe-C FaHHERWKIE
FEMERRFR. TEEREY, 4LBRREREIKREXSE, T 4en &K
P E MEEAAR AR, IXEESCHTIR B RSEAT A2 S BE Sk 37 58 B 1 38 K 7 o
K.

Guo % N BHMEAE ¢ IS RIS REYE B B S9% R K
Gt =~ f MdH (1.5)

RERETE A RERY 38 B 1B SN RA BEYE B e e, T BARMIRBIR T M xS
Fe-C ZEHNEHMBHBRRRE/RZARTFEREW, RFEIHRT K3
Fe-C-Si fl Fe-C-Mn &, R Weiss 2+ FIHHEATE TR EARNIMALEE, Hh
HHETEREENIREREBHE. XTF Fe-C-X ZTAER, BIXEE4TE
X & B R BB A SR T ROE R T B B AR RGIRE . BRSNS
MEREREEAFAE, ERREBHBEUINE, HELITHERRH, RIES
ERSOAR, BHEHAE 1T (Tesla), REKA/KEFETREART1-3°C; M
X TOH/REBET, SMEGEBAE T, BTEERK0.4°C, HBAE100T
ify-Fe 38 EXKH K, o-Fe AL idy-Fe HEHARS-Fe.

EEX TR T REA—ZKREHETRBENLTRHALLED, 2000 £
WAEAEEZE 1.2 T LT MBIERSS T IHEBE RN R #IT TR,
HRRUMEE RPESMEIR R I T m, R NIRRT UERSNEET
SRR R AZTIE. 2004 4E Hao S APHE 10 T LU T3 Fe-C & £onyiiZEia
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EHMTHR, LRERRAMKNEZEEEEIMETREZLRENM, &
A EEHEM1 T, HERBERIHE 0.8 °C. XTF Fe-08C &4, HtWETERE
GBI R KL 1.5°C. 5 Weiss AL E AR EML, SREEH
EmTFiHEAE.

1322 S HAF R ERARTH HZRNREHRHTE

LAk, BMEHREEYHHRTRE, FRERAREERNRETR
%, EEEm, BARKARML. —BANBEIZHMAEN T REAHEZH
B S, HERAEEBLLEHMM—NEGHMEER, EHEFEEB LK.
KRR 2 T LR R T8 707,

3
acE=8a2__©

3 Fe (AG+GM)2 (1.6)

-

RV, HKHIBERABL,  AG A TEEFTATRS I BE/RGibbs Bt BERALME, G A

B nAE, o K FHEIAE.
% F AR AT AR R A,

AG*. O
) P a.7n

Kb K RSB R, OX B BRI, KUBREBER. AR

(1.7) PATLLEH, HEERBERA LS L0 TREMmEMm.
KEEHBRESERKEEMX, EKERVEREADT:

S A
KA, LHREEBERRETHILER, Vo ABRRERAR, nbREKERA
255 BOEER, vioAT BER, APTLE HBEERSHIMAERERIEA.

55k, WBSMEAER TRRENEEENRKREZMHEAR, AT
EH ST R R BT R AW SR KRR EMERAFS . 1 AR
(] BE A B AR AL I SE U0 45 R R WA AR i [R] B Wik 3% 58 B RS T 48 581 AN

HZ T % EGHERSA R ENXRNELSIHR:

I=K, exp(—

(1.8)

yv=

13



8 4 ®

=)
<

o 0T

LS
(]

RESE (wt. %)
no
(—]

26 34 42 50 58 66 74
AHEEE (s)
E1.5 AHNRS%RREETERE wt. %) BXER

Fig. 1.5 The relationship of cooling time and mass percent of ferrite

T0£ERK, PustovoitHlYul™ K 1.2 THIRET N 7E BB AN B AR AR 13 72
B, RAHERFHEZHEEENERAENM. Palmail R L0.45 THIBEF T
1£0.6% C (wt. %) AR F A R AR X428 2 334 . PetersFIMiodownik!™!
LR ERRYA, HHEFe-Cod &MM T AR M FEB S . GhoshBRFFET
RILSMiE 37T BF BI04 B B e 4 ALSID 4 B8 EC A4 ) BR Y 4 K SR K 4R 3 T BG4
HEHATTR . Enomoto R AEE 7.5 TR N TFe-CH LM%
R, HRRUEREBEEERTREZH T BIRELHETEE.

EHGTANRRERERETRORRESETEA, HRTHERAA.
EHALRBYIRIAT S B T) 1ERAT Fe-0.1% C fil Fe-0.6% C &4&5 4k
FhRRRRANERIES, BREEHREUIZ T A6 TREGEAAN.
Shimotomai S 518 # T IR B V3 45 20 IR 75 2R BG4 B T RE AR AR R 15
HABREEGRMNE, RRATTVAKRGESANBTZH. 38 12 T H5R
W35 N A3 T Fe-0.6% C £, Fe-0.1% C-0.2% Si-1.3% Mn-0.1% Ti 1 Fe-0.1% C-0.2%
Si-2.0% Mn i R KA S FEARHEETRE> 8, &R RIFEL R BT
575 17 BHR 2040 B @R B 7 A, T B RS HRA SRR b Bk
RRBZNOBERTER, SERAEREESZERIS Y A HSR LRSS
RE B R, MEERS T RHEFAALHEFRBERET . T RS E 6

14



& 4 ®

MR HAE S FHE B R E RS R AR RAR TS ER R 28
REHIS T B, EERREFERET.

PSS T SR EE SN BEM T AR R R T H A,
BAEEBRDLENEH B, FXORETIER. B TRENEFEREAS
REMERR SRR T MR S SR RS, XAMBIERKERHER
WRTAHENE, FHRESERTER+SEE.

1.4 ShEiax R FH e

BT XBREFHTBIEMYRERRHIAR, HAIT K. EESERT,
VHEM—NIBAR. EERMENAEFERERLIRY, ¥ZHES5T BED
X CGgE. wiT. BB, B, 8. 4. B&. 4. 5RERS),
T BUEST B A BE R R A R R AP NITAFEEREW, LT BRMA
SRBRNEAERZ—.

XTFHESE, EGERT, BERFHINEFES D, HEERM
g, RFRaMBERT, XRFEAUGLESHRTFRTE4EEW. BN T
B THRANEBES TAEET BE BT BN AREELE D, B4 THILH
Y.

A.V. Pokojev F1 V.M. MironovYB 51 T 3818815 T Al #1 Ni #Ea-Fe = (5 #(
TR GREARGEIMAF TN ETIRED M, ANTTEWR TR BEE,
H AU R FRT BRBERSHERTEADT .

S. Nakamich \POBF 9T T 548 Bl 3% R W37 B8 X CAITiZEy-Feh 5 BN &
W, HRRERIERIZER T CEy-Feh My 8, BMHETBMAK TR, MEHH
BFBCEy-Fe PR BALOE K, mEL6HR. X FTifEy-Fe by #, RIE#
5 RESH R EX B B EEA K.

15



28 4 ®

Temperature, TIK

1300 1260 1220
L] T T T T |
Magnetic field gradient,
dH/dx = 45Tim
D = 5.9 10%exp(-146000/RT)
:.f' 1010 4~ 0 Non-magnetic field
£ - D = 5.6 X 10"%exp(-126000/RT)
a e
” -
[ =1
2
1] -
% s
3
g L
a

Magnetic field(H = 6T)
D = 5.7 X10"%exp{-133000/RT)

" [T I N N B
10 7.6 7.8 8.0 8.2

Reciprocal temperature, T"1/104K"

El1.6 FEREMHRBGHBET, CEy-Fehiy BRBBERENZELXR

Fig. 1.6 Temperature dependence of diffusion coefficients of carbon in

y-iron in the uniform magnetic field and magnetic field gradient

15 SMEIGLEHEAKRES REIFBRRAEE

SEMEEHBAREMEIHEIETHHACERE T RENBE, HIT—
LFHHARAONE, RGN ZNA, XARDIEE. FFRF R
TH B, B EERBAERS BRI, X2 UAR TS &
W, BT BRBERUFERZEARKIINR, BT RS R& HIEK P
HIARRHIAN T AN .

AT RS EG R BEATEFAIRE, BRIDEFEUTILAEE LS.

() BARKHBTFSIRH1ER T FARZRHLE], AHLE), 5 BHLEIE; (b) B
L BGFEREHAEER THERERITR, AR TENELAR,

16



B-E % ®

©) FRBIRGR, FMFRSEAMRESNES P RHEETA, AR
HEMEMISRENEHE; @) FERTRATRARNESHERRE, UEE
Z&. FAMERR SN IR EnE FEROS S LE, THRE
A EE .

1.6 AHARITMEMAE, BHREX

SMREZMRHEAE R —TIFOERL BERAMHE TEERHIARA, ERH
FERE TREHKIAFEERKRNBEARRE, FRNMGHHENLERS
Bret. HE 20 LR, AFEXNTHEAE MRRENKEERE) BOEF
BATHR, ALRFEOARLE+FER TG THEHHEHIFARE
RAOZ XD, WHKEWHIH SRR, Bt ZSEmRAFEs R,
HFEEAET KB RMREN K.

ATELEMHERSIESESHENER, ERUERTFRT IS E
HTHBRREESET BEMARRNERN N ENTE, REBATRHWT:

(1) ARz X aiek R Bk Bk & S AL TR K B B R R W
(2) SMEES T AR E A Soy BRI

Q) G TA%RREESET BREEANMES, HRRAGEITE TS
T Co I Ni #Ea-Fe PHIT B RS Ka-Fe B HAK

@) S KFe-1C (at. %) & & Py—oiRZNEEH L, REEATITH
K™

17



BoE SN ARNRES SNBGRERERREREW

FE NMEGHMAGTGESSHRABERERRENTWE

BEALSRIE R 1 MMM R S RALR, SR AR RENREN. Xid
SUIBF Weiss BEBLRVHSMESS T RIS R RE S S HBARE, FHEid e X
WIRE-BE MK RN EREE, UHERRSESTERBRE.

2.1 #FizE

1907 &, Weiss R T 4T3 8 R VLR 3t A SRRE D) R O REHE , & FRIX— R,
AU TP HFE—MUENS T, CERTHERFEFIERE KRB X
B KA RRE— M ERABER /DK, B TOREETFEEEHFR
MR, EBAPEIRE B RBATT XA RAR, BHEXSMEEN ENHE
M, TERAHEWEE. SIS, BT8R B RELTT RS
W), (ERIRTRAERESEIZTT R, W BE T &Rk & R I

Weiss 4 TP R S RIARRAG SR E B AL 3 IR iy
WAHE—MBRAK S TH R BB RESIHES 8 RAEEERSER, mE
2.1 iR, BEBRRFEERD T,

B — —_— P > B
—— — ot | —
o" ..\

" [}

1 4
A d
—_—— — = - > —
——- e P —— ——

21 BAARSHESARMEERIFENS 5
Fig. 2.1 The molecular field is produced by the interaction of the self-spin

and neighbour self-spins

BESTHNERE (H,) SHAABRE M) REW, HHEEERAIT TS

18



BoF SHSNABNSRESSHRLEREEERENEW

RE (A).
H, =AM @.1)
MR ABRANETFECO N, RS T ZARAENBEALREM A:
M = NmB,(a,) 2

KA. N—Avogadro # ¥
m—BRFHIE, m=pfuy;
B—HT M
Jy—Bohr BiF;
B, (a,)—DBrillouin ¥, &XAH:

B,(a,)= 2‘; lcth(z']z;l)a_, ——zljcthﬁ-'-

2.3)

A

a, = 8/ 1s( fT +AM) 24
AH: g—Landé HTF;
J—ANEFH B AR,
H—YM i35 IR IR L SR B 5
k—Boltzmann % ¥ ;
T—#XHERE .
N FHRBAMRELNERRE TcER TR EBH:

_ 3JkT,
Nm*(J +1)

MNFoigk, EAHEIEPR =222, 1, BAEIMUEKBRETHEE
RiF, T H0E SRR T st fT i g,

st FE& &R, BE"CALPHAD" (Calculation of Phase Diagrams) 7557,
1.5 g AT R F:

2.5)

T.=x,T,+x,’T, +xAxBZ Ts(x—x5) (2.6)

i=0

B=x,"B,+ Xy By + xAxBZ Bas(xy—%p ) 2.7

i=0

19



BoF SN ARAGESSHRGERRERRENEW

XF: °T,, T, B, BARBNRAATAEBHEEREMEFH. 'T M
‘Ba AR AL BZEMAEERSE.

MR (2.2) BTLHE HZ A AR N MR T IR IR BEREIR B 1932
AR

22 ZR5i%i8

22.1 ARG EES SR ERIMNEIHEE /TN

TSNS T, BREAR I R FRE VRSN 75 AT HES . BEE ISR
B, BEFTHIINREREE . BRES FHREAREIM ISR, Wy
THABTHR (2.5 B8, BIE Weiss 4 THE R, HETARMZERET
ARRBESSERALHULEE. T4k, LHEBRBENR 1043 K, K
FEZRET, HILHERE (MM,) BRERZLESWE 2.1 iR,

1.0
—— H=OT
----- - H=20T
- osh — — H=00T
-] s T.0H
s |
g 0.6 1
£
5 .
o \
g N 1058.69 K
= \.
s 04 104046 K
= A\
\
= v\
= N
5 0.2" '\
] N N
m N, ~
1042.98 K R

%00 400 600 800 1000 1200 1400 1600
Temperature (K)

B 2.1 SheS R BN 28k LB AL R BE I R

Fig. 2.1 Effect of external magnetic field and temperature on relative

magnetization of pure iron

20



BoF SEHNARAKESSNBLEERERRENEM

B 2.1 TR, BRALSREEREIRE MR TR TR, TN AL RS
BEREMIERERAT, BRESIBGEHT, BARBEARE —ENE, T
EECBAGR B (R SN R B S AR K, BSR4 m miR T B 3h.
XRER GBS ARG S SN IR R TR, RS RR
ShEES TR, HESVRBEMARFL, AWTEREXENEM, MRLREYK,

222 ABRBEASNEREE SMNEIBMXR
HHMEOEERER (T,) RIBRESHINEASTENNERS. BEREER
wHEEE AN EFERKMEE, HiREROERMIE: —REEILERE
HEMNTIL, KX AENEBRA. EF R ERIEHABRE RN R ERE
BE, hEREEUYERRE. ZRICRAS MR, BAXFFEATU
ERTT e R E, REFER RS S TGS, I RER
wF:
2
fg ;‘4 0.
HF Fe-X —hk, BREE (T,) BRRS () MIEZRE (H) NEBEE
B T.(x, H) &0
BEMAFE 28) WHTARRESIEG FAKNERRE (T.(0,H)), WA
2.1 Birr. iHEGRRE LSS R PA%EBRE (104298 K)5EMER
#BE (1043 K) HAEBMRE. SRR T HHE/BNA%KERBE#TI
&, BELUTHRE:

2.8)

T, (0, H) =1043+0.14997H +0.01530H7 - 4.80113x 10* H* +9.78289x10° H*
-1.13517x107 H® +6.84763x10™° H® -1.66395x 102 H’
2.9

FIAFE 2.9 "TLATIM 0—100 T FLEEKE RIBEMRILE, M 2.2 Fior.
ME 22 FATAEH, EREEMESIESBRENMATIYEA, WERKZNRER
AWK, X R & T RATRIEZ B T A FI7ES M A T A 20 nag, (F 3B
XY K, EHEMBRE, ANFBREREANETRRSEES).

21



BB SESARNGES SNBKRERERRENEW

1100 ~T T T T T T T

T.(0,H)=1043+0.14997H + 0.0153H" - 4.80113x 10" H* + 9.78289x 10° H*
1090 1.13517x 107 H® + 6.84763x 10™ H® -1.66395x 10 H' (K)

10801
1070}

1060

Curie temperature (K)

10501

10400 10 20 30 40 50 60 70 80 90 100
External magnetic field (Tesla)

Bl22 ZhgkEERE RS H IR RS

Fig. 2.2 The change of Curie temperature of pure iron with

various external magnetic fields.

FHAREXNAFSMNEG T Fe-X AEERALERRBE (T.(x,H)) #1TT
E, Hd X OhIERtETE, B C, Mo M1 Si % . RIEFE (2.6) M (2.7), ¢
Folitk, BRBE 'T,=1043 K, BFH °8,=222, HEK T, =0 K,
Trex =500 K, °B,=0, °B. =0, FHHUIETURRHA m(x)=fu,, HHEB
BT ERREMSNES RIRE SRS, W 23 @) FiR.

ME23 (@) FHR, BEREEEMEEXIRENMTRD, HEZRER
WA, X2 E XA I E R AT R Z B B WSS, B m(x)
W/, TISMEZIMARIERG 18 RARR ), EHEEMES M A, FATH
FRHEHE, MRTHRER, NHREERET XK.

22



BT SEHNARRNGESSNEAEERERBENEMT

1080 - T y ; VN ) -
| ® WO _wer
g 12 )
1060 s 20T
4
(1}

] 1 2 3 4 5
X (at.%)

Curie temperature (K)
pod
[}
'
[—4

J—
[
N
[
T

10000 1 2 5 4 5
X (at.%)
B 2.3 (a) ZESMHIHIRE H=0,20,40T T, Fe-X _nRABRALNEERE
BT E X RENZLES

(b) FHESM AN IE BB ER X IR NGRS

Fig. 2.3 (a) The change of Curie temperature of Fe-X binary system with
concentration of X element at H=0,20,40 T
(b) The change of difference of Curie temperature with concentr- ation
of X element at H=20,40 T

AFAXSS TEERERNZEE (AT,) TRLNERRRA:

AT, =(T.(0, H)-T.(0, 0))x(1-x)
=(T.(0, H)-"T,,)x(1-x)

FIFFRE (2.10) HET20, 0TFHIAT.{E, WE23 bFiR, TUEHAT #
T BEH RS B8 DN T AR, (X — T SL iR BASM RS 2 PR R 4R R Y B W B R 4 RO 4
A, X2 FXTROMAITE THREHSINE .

UXhIEHMETTE, BT, =0 K&, HREHE (2.6) 1 (2.10) TLIAEE
£ HEBEE S5/ ERE RRER R R

(2.10)



BoE SESHARMGES ENECREREERERES

I.(x,H)= T (1-x)+x(1 -—x)Z ‘TFe,X(l_Zx)i +AT,
i=0

=(l—x)TC(O,H)+x(]-x)zn:‘TFd(l—Zx)'.

i=0
@.11)
FIRAKGRE 2.11) T E HFe-XZ TR E R ALK E R R ERS S
A8 .

2.3 Ih

() MR THERWTH TAKRKES ST RALNBLBE, WHEREY
Pl 55 B B 41 3% 95 E O 388 I T 380K 3R R 4 S/ 7 {56 48 R i 1) SV 3 T
W, HFIRBEMEFL, NMERMERENEM, MRAEREEX.

() Bt XABRAGRE MK NP R B RRRE, HT A%RERRERIM]
SRRRAEWE, HFUSEETI.O0,H)XTHYARE. SHAREERER
B, R THE T Fe-X— R B %A LR BB R ARSI 2 E T B IR
H, FUERAT T.(x, ) XTxMHN . GRRAAKRKESSNERR
& #RBE A S5 3R B R DN TO FH

24



BoE SESHTAKRBESEN o (bec)y (fec) AT

F=E MNEGTASREESERN a (bee)y (fee) B8

FESMGHERT, SR REESSHBARREX, & REEEE NS
SRIEIMATIRA, MM (o) SIAT—AME B dife, BXTIERER () B
B s WA LU ZRE R, ATORMBARAET . Joo HAIH Guo A
WH TSNS T Fe-C &1 oy #1774, BERIBFEZRIETX o HAHES
BHRAEW, oy HEESARRE.

AR Guo FAMERE L, FN%EEIBEY o MARY B BN
W, WHETHES TAKREES SN oy 1V, CULRMIA R S5 T 4
BREEMEESSHHZTRENSGSTRE o Bl y AP EBENZL.

3.1 HERAFEHHRERER

3.1.1 HEANFTHRE

B M 20 42 70 £E4%, L. Kaufman. M. Hillert 218 S48 B 23H BT 4R,
FEERITAARARATEAT —MHRFHREN B HERARNEXESENE2R
HEERBOFIEX RITTUREFERSTEEMRIT, MATEFZRUU
AR AN 2 REE RN G EMERER, XRAKHHETH
8]

HETE, DHER— AN ROERERBIEAER KL BT LR E R
AMHNEBESEEBEETNE, Hl—8% Gibbs Bl fEARERE. T
1RIE Gibbs B HAEEN: MTFYR—EMNBHAR, HERERIBERFAH
RERRIREO 7 AT, FHRETREN B BERIE, §—4ATESHPRLES
%, Wl 3.1 R, FRETENLESAS &G EFREAIRERY, FHEFH
RIEE/R B i 8E 4R B A VY] SRS R B F @RS, BV R Z A AR
(%) ATHATERE. REX—RE, FRMNONEEARBETECEALN G
fhek, Bidskg A R/ NEILEAARSEHE, SaTCliH A, Gibbs BB
W KB R A E S &R AN EBEORER.

T EBE Gibbs HHAERIAR, FEMARNHERSEMRAEHE, B
B BRI R R AR R, ERBAEE, WIEMEARE, NEAR

25



BZE SESTABRREESEN o (bec)y (foc) HFH

PRI,
|
°G; ¢
_m Gm )OG;
.[[_I/l OG'Y
w
] Y
=g
M=
A °x! °x: B

f—7 —}—ry+a—f—o—]
Bl 3.1 A-B ZnRIPERAYILEN

Fig. 3.1 Common tangent law of phase equilibrium in A-B binary system

3.12 AhFEER
RN R RS LR LS YR RARPE T R AR R, #R 25
R (EHEAEHAE) MRER. EEFELGERMBNFEYRHITHE
WHRXE—D.
(1) BEAER s 84
MRBEFERETRSARLEEF, FATREAWHETRESTRAEN
ETraee, HFEARERAZE, BEERREAIFT, MZEERIEERE,
A BRI R AR
kGt =0 ‘ (3.1)
“Gt =3 %G+ RTY xInx, 32)

i=l i=]

RF: “GLALFEHRE, °G W4T Ahigs, x NidTTHERS K.
(2) IEX R

L& SR EATRELEMBERE, NEHERTE, BEPHET
BEREWEATEEAE, Hildebrand®™ F 1929418 t IEMMB AR, X/AMERY

26



B=F SHBHTARREKESEN o (bec)y (foc) AFH

RUBBBEASES, EXHETHEAFRERAEREE, WAHHEREH
fb ok EABYS (R 0 BE/R A B B8 5 1 8 BE /R Gibbs B 188 °GY Z -
G! =“G* +*G!
n-1 n

EGL =3 Lxx, (3.3)

=
S FZITCR:
Gl =L:x%% (3.4)

RAH L,=2ZN(0.5¢,+0.5¢,-¢,)
HbzZhBs, L, RA"nBEi jOREemRE « hEXRTHE AR,
) EARMAEFRE

IERE BRIV ELAE P 8 D 380, A8 B S R 05 S B M 1 Y
FE/R B 8, Hardyl™M19534F3R HH T WAMMIAAEE, &R IEMUIE HHE H2
BiE, FRTRESRTZEAMMEER, #EANEEHNALERSHERY
BE SRR

MNFZaR, HEEHSETURTN:

Ly =L + L 0 = x; L5 (o = )% 4]

A& L} =A4+BT+CTInT +---, 4,B,C AfiEZH.
W =R B e RETT LARR s

EGm=x,-xj L(l:)]'+L§'j(xi‘—xj)+L%j(xi_xj)2+'“] (3'5)

HT=RR, HEEASHATURTN:
Ly ="Lyx+'Lyx, +L,x,

AP LR =AM ZAKAEERZE, REREMKRERXKNE.
M=JCRKEH B AT ARTRA:
E G = %X jLij + ;X Ly + XX Ljg + 3% 3. Ly (3.6)
AWF5+H, Fe-Mo, Fe-SiZJ LR AIFe-Mo-Si=Jt & ¥ Kt FyH# K H MR
M AR
(4) WrREEHR

27



BT SR TABREEASH o (bec)y (foc) HTFHE

BRE—AREEEE, —HEFLTEAL B—FHEFATEESRRRERES, 0
BRI AHEAN LR, B—FEFEE—MEAM. TAREBREAARKL
BV RIRS EHRE,

SUIE A5 AR (Two sublattice model) 201t 28704477 44 5 i HAE 241881,
BRREEGEREFNERBEA RS, BN ARERSSEETUAR, hiTlxes
AR, B—HHATREHIA—DIESE, TAEEAR AT AE. B
MG RBHFBRE SEHRN—FUEY, THIFRAMNER. XEME—
ANERRE, NBFG MR, aflcRRANE ARERLE mEmteE.

PAFe-CZu R MBI, HoAHRINE RFEEERATARRH: Fen(C, Va)s, Va
RZEAL. WeAKIGibbs B HRER ARRITF -

G = YreYcOrec + YreYraCGreva + 3RT e Iy + vy, n vy, 14 ¥ 1. Grc s
3.7
B Vs Yo Yy, SHHHBA AT SHETFESS GLcMGa,,
43 5 0 7R FITE AR B HFeCs R SiFeZEQI R B . G2 WP —ANT A REHFe
BFHEN, FoATABEFCEVaZ A RAEEERE.

Fe-CZL R Py KNI A FR B ARR A (Fe)i(C, Va). WyHGibbs B HH&E
AR T
Gy = YreYcGrec + YreYraCreva + RTDvc Inye + v 0 v, 14+ ¥ 3G
(.8)
A Ve » Yo R Yy, 3R AYVHEANE mBEP BT S W EFE 28, Gre M GLy, 5
HARFL S REFFe. CRAFeAEyHITH E b, G, X% —E AR BFe

BFa#Er, BAERESCEVaz MR LR .

3.1.3 B EHeEER
1970 4¢ Hillert % NPIZE TAMNIS 44 TR THEYE B AR, AR F
SLIREATE B R AR B s, IS, BMEEHEE (™2GY) M

BREARSEYE Qdte ("G)) MBS E b ("*G), RERXMT:

28



BEE SUHTARRKESEM o (bee)y (fec) AHFHE

mEG =% G +™E G!, (3.9)
b R R YE B SRR AR K -
"EGY =RTIn(f+1)f(z) (3.10)
BE f) TRERARTA,

1,79t 474 1 2 2 ¥
=1-— (=D —+— <1
/@) A [140P 497 (P X 6 135 * 600)]

-5 -15 -25
=-_!.("_+T__+_7__) r>1

A 10 315 1500
(.11)
ir.':F: 1‘=T/Tcg
T A LEXHRRE:
R ASBEL:

4518 n6n 1
1125 15975 P

P—beec SHIHAE N 04, HE LW N 0.28.
AT, SRR BEPE A e, a3, IEREARERIEER
hANE Y B dige, RER MO,

Gt =~ [ Man (.12)
Kb: MR g HARE, H RIS RE.

3.14 SMEBTRETHITH
WER AR R B R, WTOAB RS, THMEA (@ A) BB
fHRERIA:
, Tl Ga = hemGe 4 ™2 G2 (3.13)
A *G*H a I EBHEE, "G K o MY B 188,
TR (v 40), BFESMESS TR R, HEEARRULE,
HI B R B BiRE, KA
Toal G7 = hemGr (3.14)
A A "G Fy y HIMLE B HRE.
W2 B HAET RS FEBBE], X F Fe-C ZURPH o A y HKAN

29



B=E SN TARREESEM a(bec)y (fec) HFH

T M REERS, %tF Fe-Mo, Fe-Si ~JG& K& Fe-Mo-Si =T & FF WL N7/ RY ,
HETE B HagRT R (3.9) BE.
TSNS, o Fy BIAH Gibbs B B RERER S LA E 3.2 FizR:

Total Gq

G (J/mol)

>

3‘: -

x} xy B
B (at. %)
B 32 SMEHT o fly 40 Gibbs HHIfES R HIX R LR
Fig. 3.2 The change of the Gibbs free energy of a and y phases with

concentration in external magnetic field

5hiksh T AR E SRR 3.3 Bias:

Internal magnetic
Gibbs free energy
G2 = RTIn(B +1)f(t)

K, e

External magnetic Gibbs free energy
G =—fMdH

Magretic Gibbs free energy
Magnetic phase Gibbs free energy ™G =G, + ™G,
G® = "aGe 4 PG

Chemical Gibbs free energy
*mG* = F(x,T)

Non-magnetic phase
Gibbs free energy
rhuG\f

B 3.3 Shess T HEERE

Fig. 3.3 The calculated process of phase diagram in the external magnetic field

30



B=F UGS TARREESEN o (bec)y (fec) AV

32 GREE

3.2.1 MRS o #HE) Gibbs HEI AR

s FgmEA R, Gibbs B HEEBIEILS Gibbs B HEEMEME B dige. EAR
X, R4S y MRIERYEM, MAERRL, FrEUAN BB B B BETT LIgE
ZHgABRTESMED T, o AL REKBREE IR S E B Z BB,
#HRE—EMBAGRE, Bk, AHAEETIMESXIRYE B HAEREW.

BEESMESAIMA, o HREAREEX, BRERERSE, XRLEREW
WY B BRE. MIEHFE (3.11) M (3.12), HHHETHNES THAEK o 4
KRR B iAE ("2G2) RS RHREYE B dife ("G2), WE 34 i,

ATLLE H "G, M ™G RE R R T BT K, O B% TR R A KT R

XREABENABERRETRESEHMR, WELT RFHIINOEFE, AfEsk
REAIRE, Bit8dREK. MESENSYEGREMRRER, ERelE
BFHIEEHEFY, WRETHEZ MEKHRER, EERE/EMRRE.

-200

£

<>

g (J/mol)

Gt (4/mol)

g

'
-—
o8
s
Y )

22 — - -
00 900 1000 1100 1200 1300

Temperature (K)

34 ARG TA%KKARS 8 HEMM RS H R SEERXR R
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Fig. 3.5 The influence of the external magnetic field on the differences of the

Gibbs free energy of a phase and y phase of pure iron
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Fig. 3.8 The influence of external magnetic field on the a/y phase equilibrium of
Fe-C binary system
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Fig. 3.9 The influence of external magnetic field on the a/y phase transition of
Fe-Mo binary system
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Fig. 3.10 The influence of external magnetic field on the a/y phase transition of
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Fig. 3.11 The influence of external magnetic field on the a/y phase transition of
Fe-Cr binary system
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Fig.3.12 The influence of external magnetic field on the a/y phase transition of
Fe-Mo-Si ternary system
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Fig. 4.1 The octahedron clearance and lattice plane (100) of fcc structure
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