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Structure and Energy of Interphase Boundaries in Steel

Tadashi FURUHARA

Synopsis : Current understanding of the structure and energy of interphase boundaries formed during phase transformations and precipitations in steel

was reviewed. First, the classification of boundary structure was revisited. In the following, the methods to measure boundary energy and the

typical values measured in ferrous alloys were summarized. Finally, the calculation of boundary energy, in accordance with classical and non-

classical nucleation theories, and by the use of atomic potential was reviewed.
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Fig. 1. Classification of interphase boundary structure;
(a) coherent boundary, (b) partly coherent bound-
ary, (c) incoherent boundary.
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Fig. 2. Structure of the (111);,//(011),,, boundary with K-S orientation relationship ((111)¢,.//(011),.., [101].//[111],..): (a) geo-
metrical matching on the boundary (O: fec atom, [I: bee atom), (b) coherent areas and misfit dislocations (a;,.=0.364nm,

@, =0.286 nm).
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Fig. 3. Stacking change associated with boundary migration: (a) planar boundary, (b) migration by ledge mechanism.
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Fig. 4. (a) Coherent and (b) incoherent precipitates.

MH¥ne %%, Fig 10)IZR L 23584 (BBA) R
123, ERRoAFI) —dho AT O RS
bAAGENS A, AIFIC “FEBE” WHWORmMETY
BARERHOHEIZ»2DboTEENE, ZOHFHEDEN
i, MZRE - T CIER S h A REO R FRE,» 5B E ./
FBAEFRL e, MHERE - FilC K DAL 5 HMID
N1/ BRI (ZZI2R3EEDENOMRSEICETh T
) 12k TEAE/IBEERL 5 HOMBM TOHEDE
BOMETH S, [>T, BA/BoBE/FBAEL V-
FRHEAFRTIHEAICE, TOEKREHEEIZTII LN
BEA XTI S57-DICHEETH S, AFTE—HL Trig. 1
DEHRIZHES .

3. BHHREI XN —OERNBIE

EHAMO I AINF - 20 2OFETRETS L
12, i kinetics @ FHIZ O AL 5, HHlinz k3%
REARGR L S Y - RRBASO SR aH@» 5 & ) <
KD o TV B, FRERES IS GBI R A
Fo T EEZDT, Rt 2L X— TR
X BEMRREAHNIZ KBRS UAZETILELH
3,

R T R X -1, Rl%EHA TOILSAHK & HEDE
ik REHETORFOHHZ ALY —HENLT S5 T
ETHELB728, N7 RETORFER-AD T LILF —
ICRkESHEINS, WAL, Fig STIdMEORE T
AINF-LREIZIALX-DLOBRTH S, BEESKIE
CRETIIINF - EMEDOEHBATAILF —IZFL
VW, BETCE—MOBA»YION BT 4DT, KA
NE—DEIRAFELILE-L D& ED (RPOER
B TIZ1/6.4), RIS, MPE TIIRRT XL X — 3R
I INF—-LIZITHE LW (EFig 6N, ThE 744
KR Lk L TIHIRITRI CREBE IR Tws e E AN

g 30
Nb
5 . ‘w
é [ ]
Mo

S Py
2 20} cr
o i Fe
> Bi °®
bt ]
3 Au g eNi
g Age ®/ Co

Cu
3 10} 'st Ag
£ ®Al
Y
o
S
(]

0 1 1 L

= Y 10 20 30

Molar heat of meliting (kJ/mol)

Fig. 5. Correlation between the molar grain boundary en-
ergy of pure metals and heat of fusion.!”



120} Tag |
| w
S 1oor pt /o
. Nb

§ B Cr
2 ] ®
= o Ti Mo
- 80 Fee ¢
qE; - Co,

Ni
q:, 60 F Aue/ Ni
o
o B A Cu
g A
> 40F zn /%
I F Sn
S
E o
5}
= oo} K

0 1 1 1 | 1 Il 1 1
0 200 400 600 800

Molar heat of sublimation (kJ/mol)

Fig. 6. Correlation between the molar surface energy of
pure metals and heat of sublimation.'”

800

600

I A

I
0.6 0.8 1.0

L 1
00 0.2 0.4

Solute concentration (atom%)

Grain boundary energy (mJ/m?)

Fig. 7. Variation of grain boundary energy in various bina-
ry alloys with bulk solute content.'”

FEBRICHEBLOTV. ZhoDEsR2 L, WESE
BRETHBIEERMI AN —RENT L BEEMIZS X
%, P65 T, $iTk KR/ RiET 20X —DfE%fthd
MBI 20X ZIDHTADIHNTH S,

—%, AR EET ZHAETE, Wik Eickb&m
PRADT XN X —I1IZET 5, Fig. 77138k L UHD
RMRALINF-DOWEREIZEZEMEREL TS, KR
TOVERTRIZ L 2 BEICHHILTREL LB, 20D
K&D, PRI LRNATINLE-NAESLKTTS
bbb, TOEKS BRI, KR TOERE - il
kinetics IZ A & < &I 5334 (A, BRI X 58A
WD L) MH b, RERETE, WAL FERICRHEITC
X BREAREOEMRBERTRERATTH 3, '

RETORT (XHIBT) OEBERIDENZ XL
F—REAOBHNBEZ 32D L OREL IR K
%, &oT, FEZ ALY -Z#HRNICEHETSICIE, R
RREEEAENBR T - 2 REEE R 2 & L 502
RETOHHIAINF —DEE, ZhRKFT Uy EHOL

SIS BT S REHEL T A F —

Table 1. Comparison of boundary energy for different de-
gree of coherency.'®

Interphase boundary energy

Type of boundary (Iim?)
Coherent 0.05-0.2
Partly coherent 0.2-0.8
Incoherent 08-25

THEICRBMEIRETHS, BbT5L510, BARE
BIUBPBERED AL F —DOFEI—BITHLA T
%,
STREOEMME AR T 520103, REHZ ALY —D
FEEDHFELEETH 5, LANIFE L 30 ¥ — DFEER
HIBIEARE N T bh Tz, T4 ORI EERI
BOWRPLETH 5728, BHREOZTE TIIRIEIEE
AETONTOEVDRBBRTH S, TD28, HERE -
MHOMETHOSHETE, ZLALOHAREL XL
F—i3 “HE T4 9T A VI A— 2 DREEHES,
Table 113, BAMDENII IR I AILF —DKREL2 L
BHERL 23D TH B, BERE, HoBRARE, KB
AREEBAUATEL 251200 T, REATILF—DIH
BARES LD, BAOHFICKOTERAZ XN F —DfE
IZKELELASZDF, FFEPLIZAT 4 v FOKE XIS
ENDHBI-DTH 5,

KR/ R ANX - E2RET 2EBRFEE L TR,
(1) Zero creep-thermal grooving (¥' 22 J —7)
(2) Interfacial equilibrium ¥
(3) Calorimetry (RZEEVHT) &
(4) Coarsening kinetics 3%

BHTFoNB Y, R IF —OPE TIZEHHE R
50— ERBE AT 2FEL 555, BHETOE
R - MHDE BRY—BARICK->TRIZDT, Zh
EFHVWBRIBBOE A DTLLI LN, LEORFETO
FHE T F ¥ —DRER % Fig. 8177,
HRETFLF— (REKRN) 2EENETIFERTH D
Zero creep-thermal grooving ¥ Tid, EBD V1 ¥ — % B¢
RIBESE L T, RiF A Fig. 8D &L S ITATDEIRIZA 5 =2 #E
mERR, —EWEFTO2) -TREETH, ZDE
2, NAPEEAE TH > TEMbA W, MEAYTDS
A3, ABoXmMEEE D 25 -0ICRABOEX %
FED TR TBEME, KRER BREBOWEOmH)
ZNELT 720 EM RS T3 EADOFKRAENT
ABOREVENT S, BEOMERREL X URE T
HOMRPKZE WD, ABOREMEL L2¥2 ) —
THRENLRI S, VAV —ICHEAEA-BEDEKET
FTREORMELEZFANR, REBPELLEVIRE (Yo
2 —7THREE) TOBLDOHEW, 2R3, ZOMEHS
5, Fig. 8D AVOREANTREA L AL F — F hb

501 I



) 502

$% & 38 Tetsuto-Hagané Vol. 89 (2003) No. 5

Grain / Interphase boundary energy

2

ogb/ Fs
Zero creep - » \\ o =2 cos (Qp/2)
thermal _+f k\ \\i\\
grooving
Fe=Wog/[rnr{i-2(r/ @) cos (Qs/2)})
where g: gravitational constant
Iwo
Ogy /oy = sinQp /sin Qy
( Oup /Oy = SN Qa /sin Qy
Intefacial Oup/Ogy = SiN Qa / sin Qp
equilibrium
Ol Oap = 2 OS (Qp/2)
Oop = (3 AHg/ D A)
Calorimetry

AHg : Enthalpy change by transformation
A :total area of interphase boundary

X T
Coarsening

kinetics /\

- 2
r3 =kt where k= 2D%asCoR?
O9RT
- D(RT)2
C(F)= Cp +(x 1) ' where x= ———————
90uﬂ20029

r : average radius of precipitate, D : diffusion constant of solute atom

t: time, Cg : equilibrium solute concentration of matrix

C(T) : solute concentration of matrix with precipitate of the radius (T)

§2 : molar volume of precipitate, R : gas constant, T: absolute tempertaure

Fig. 8.
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Table 2. Relative grain boundary/interphase boundary energy measured in ferrous alloys.?"*?
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¥Y» = 0.85J/m? inFe-Cu-Cu,S at 1105°C
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Fig. 9. (a) Variation of free energy change in nucleation
with the size of nucleus in the classical nucleation
theories, (b) y-plot and equilibrium shape of nucle-
us.
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Fig. 10. Free energy in the non-classical nucleation theory.
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Fig. 12. Change in composition across a diffuse interphase
boundary in Cu—Co alloys with (a) a composition
near the binodal line and (b) near the spinodal
line. Solid line: Cahn-Hilliard continuum model,
+symbol: discrete lattice plane model,*” (c) tem-
perature dependence of fcc/fcc coherent boundary
energy.
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