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The Structure of Interphase Boundaries and the Ledgewise Growth of

Precipitates in Metals and Alloys

1. 3 U & (&

B R OMERIENIEE < D6, HERSCHTHBES
DFIFEIZ X > THh SR TWA, ftoT, MEMBEORRE
EHEBEE (DA FTAVR)BEDEILAHZX A
THREENTVLD LT A 2 L IMBEIEICED S
LOmMOEELHIEND—2THDH, KRESLHTHIGIHEE
AR BH T R v F—24L (BRE) D) LSRR DR
HPTOEHICERE S NS, Zoftiic, BEERTOR
e, RREFROBHENZEABEL I AT 47 2%
YT HEELZENO—~2THSH. LR, BMHFmTIE
F0F 2 ¥ AEYILTWT, WHIRFOER A RO
EHEIHATRI S EMEL T, BEETOILEHL R
#2803 & 5 $ (Parabolic growth rate constant 7
&) OBITHITh N T & 72205, FEMEOMRERECH L
b MR D S DRESE L HR, S DA, AT
TOBRIHIL > TETTAHAILPHLLII R - TETW
202)

MDA T v 7HRERHY LI » O s Twni X
ITHAH. HEEEOMIZH HE BE BL 50
BHEOECIREER KL Y, HEEEDS 5B CHL
DBEHREIC R > T BI™Y, WEROSTYH TIIEME
DBEEDIN FIC X0, Bk BT EREE O IE AN
FEHLWHEELTRESZ., 2ok kit sz, &5
TRAEEL » DI LA ORRICE T % /il O
MR TF ¥ VAEEOFF EPFLICLTHINT S, H
LAEBOWATEILL, BEL» YHRHELETHDOME
W ME R EHEEZ A LV ABOKRELBRHO—
D2THAH, 2T, MOICERMHREOFEFHEEICHET S
Bl COMAN 2 0HEIZ oW TR, PEEREICAE
LNAHEL vy I AT 49 MEFIL v DORE R

Masato ENOMOTO and Tadashi FURUHARA

SN REE I WTHERS. R, B oRm % £
BLTVERERLY v POZ20O5BIHE0HEe, BHET
DIFH OB o FHI SN LEEL v -‘/‘(D‘fﬁéﬂJ KU,
W OB ICET 5 RAEOHERR 2N T

2. REATEBEDOIH

MW ZODRLE DK a & FORIZERE NS
MHREEEE LT, Fig 1 IZR&hs k) % 3
DIERR 5 1 THEFET B,

—OREEEARETHS. ik, REKCHETS
SO BRI AT VA D B A s DIE A1 & 6 U B

L, FOMIIC LT BAHHDOEBIF NN > T
LTWwWBEWILDTHL (Fig. 1{a)). ZDL & all

O B AE S O BN (R DR SRR S
TWwh, e¢/BRETHIZZ7 4y Pid+ao/hsL, 3
A7 4 v MEFREFHE CHRFIHEERICEGCZ L (BS
TR) WL BEMENSE. 5T, a/BRIMEIRAL
BAHOF T NTOMECTERETH S,

BETHIRT 49 bHIKEL B D, %6wuﬁm
MO EZ &L ) REmEIL L & HEHRIZ
KBTI VX — AR A%( D ﬂﬁLL

$nfL (I A7 4 v MEL) AERD L ERIL L CHAY
BIICEETAI SIS I X749 b 2BHAT A4
RELTOZANF—HETT 5. TOX) RELF
BAERE L V. Fig 1(b)iI2i@d—HMD I 27 1 v b
T ECEEGRULRT. RFANOA#EHIE I A
74y ML OMEILH D, ZOMOMEEIE(a) DR
kR, CEBEGTH S, @F, FEGREADIZ 74 >
N AR B 720 R D ERSA NI E S 2 ML
oz x7 49 VEMNIPLETHS.

b Lo LR T v ¥ o TREIZE T

SR 2 4E 10 B 22 H2A4 (Received Oct. 22, 1990) ({KHEf#)

* SEMEHERIIZERT RS FE RS A
for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)

%+ Ph. D. (Materials Physics Division, National Research Institute

*2 WHERAF T AEB)F Ph. D. (Faculty of Engineering, Kyoto University)
Key words : diffusional phase transformation ; precipitation ; interphase boundary ; interfacial ledge ; ledge growth ;

terrace-ledge-kink mechanism ; morphology.



736 B or M %77 £ (1991) % 6 5

(a)Coherent boundary (b)Semi-coherent boundary
(¢)Incoherent (or disordered) boundary

Fig. 1. The principal types of interphase bound-
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ary structure™. :
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a: (111)gee //(110)pec planar interface b : Structurally ledged interface
Fig. 2. Computer plot of (111)4,//(110),,. interfacial structure across which a N-W
orientation relationship is present!®, (a) without ledges and (b) with monotomic ledges.
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Fig. 3. A HRTEM micrograph showing the bi-
atmic high structural ledges at the interface of
a proeutectoid o plate, which holds a Burgers
orientation relationship, in an Ti-7.15wt%Cr
alloy®®. Note that the terrace plane of a struc-

tural ledge is (1100 )0, //(211)pee.

« 0 L

a : Misfit compensating ledges at the interface of proeutectoid a
intragranular plate in a Ti-7.15 wt%Cr alloy (pointed by the pair
of arrowheads) . The Burgers vector associated with these
ledges is l/Z[OOOl]hcp

b : A schematic of misfit compensating ledges

Fig. 4. Misfit compensating ledges at interphase
boundaries®?.
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Fig. 5. Ledge structure at a BCC/HCP inter-
phase boundary?® (Structural ledges wvs. misfit
compensating ledges).
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Fig. 6. Schematics of (a) the ledge mechanism
and (b) the ledge-on-ledge (or kink-on-ledge)
mechanism?%9,

2L o TEDEERTMICEHERBTAI LIS DD
THETHSD., Tabb, RECETAHHMHOEFIO
Bk x 1 BT F oMb oBEIcEz 5720103, B
BEFRO o ZARABMEICE I NLLESHS. L
2L, PEARMGEBTFERE,ZNIGEVEE L RO
FHRIPLEREN, 3274 v MERHOBEEIICE
JARAFINEILIEF IS, ZDzn, RREHER
WEICAD L) ¥ A XORFIBRABMVECADAL
)% Tt ARER L ANF BB TEGREIN 2
RWEFHEIND., f#toTC, BADHAHVIIPEESLRM
DEFHTR~OFEER, Ly VBB TR LE
2561 % (Fig. 6). Fig. 6(a)OF W T3 Z0OKTHm %
oL BEELRT I AMEABTHAE. LarL, FES
LHEE RO T4 F -8 d+50 % B R AEAE T
b, DT AW —=HEFOEFUHRE S TRENHAT
L ARNCREITAH I LI1I2LD, 79 2OERFI~DRL
ENIAF—DE S RIAL, LI 42
EREEE OB G T 7 AEKRICAE T, Fig. 6(b)
WWRENE L) KAESRAEXF>F v 7 OBEH»ER
HHORERICHS T 5.



RHFEOMEL L v VIS XA ORE 739

—77, M & B OSSR U TR E
—HLTHBHHITIE, RELHATEFROEEICE
fbig e < (B2, (hkl)gee // (hkl) e TR (001)¢ee //
(001)ge, M), KICHMNAELEARRMOBENIC BT
LHELOBERHFEL RV, LiL, EBEASREON
A, HERHRIOBENCIE I A7 4 v MERAH TN
WK EAES AR TUERDH L0, FREOBERE D
X7 4y bEMOERIIEES NS,

4:-2 Ly ZILLBDRROKBRNHBAE

WO L » DB X B EE, EEICLVE O
BERIBITA S F LIWHERBICB W CERMYICH
REINTNBITO Ly Ui o Rl 2 87 5
T OEZFBEE Fe-C(-X) 8072514 F (N4
FA4 L) FL—=1273 Ti-Cr 548D a 7L — }2?,
BIU, AlFAg &0 v 7L — 393D cfrbhTwns,
Kinsman & i&, Thermionic emission microscope % Fi\»
T, Fe-0.11 wt%C REOPHI 791 b+ A FFL—
FOOTIRE G S KIS o T L v UHEEIT AR
THBELL (Fig. 7)27. Ly VOB SRBFIEE b
ILT, REESH* 7L - PTLIIKERIESD A0S
5. Nemoto?®, Purov®® ik, TEM IC L 2 HIZEBS O
B, Ly Po#EBIlH-C, BVNEEO/INEVWT L5 4
FRET AL &, BEIDOHKFIE Kinsvan 5 O &
T HRIISERMNTH D (Jerky Tl v), A1 D
Ly UOEREIZW - K N EEMRE R L 20O BEIT 5
CEERELTVS.

Ti-Cr 88D a 7L — T}, BEPHE+t moL »
VEEL v V) 2, oA HULEREBGERL L
A5 BB 5T A% Hot stage * W TEIE S h
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T, Fig. 8b OERKIIRENB LI, BEL Yy P
FAF-FHEIE, 32749 MBERIL Yy VDTS HF—L
H—HNCEESLEETEL. COHEL Yy Vit, T
AW —FICER L -EEGRIETRMNEETAF 7 L

a: A schematic of sideplate evolution

b : A sideplate of proeutectoid ferrite in an Fe-0.11
wt%C alloy (The arrowheads indicate the step of
growth ledges).

Fig. 7. Growth

ferrite interfaces

ledges © on austenite :

29)

C-type Ledge Riser

N

a:The structure of the broad face of an o plate in a
Ti-7.15wt%Cr alloy. Large arrowheads incicate growth ledges,
irregularly aligned and spaced. Misfit compensating ledges are
pointed by a pair of small arrows.

b : A schematic of the ledge strucuture observed in (a).

Fig. 8. Growth ledges on a/8 interfaces in a
Ti-Cr alloy??.
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Table 1. Sources of ledges®

Source Experimental evidence

Two-dimensional nucleation 8’ Al-Cu, 7 Al-Au’®"
Dislocation with out-of-plane Same
component emerging from
precipitate
Interphase boundary dislocation | None
or intruder dislocation with &
not parallel to interface
Edges or corners of plates 7 Al-Ag3?, 87 Al-Cy®230) Mg;Si%
Stepped misfit dislocations 7 Al-Ag0 ™3
Intruder dislocations which None
create an unhealable ledge
Volume change distorts path of a Fe-C2
boundary, creating a ledge
Junctions between grain
boundary allotriomorphs and
secondary sideplates
Impurity precipitates in contact | 8" Al-Cu, 7 Al-Au’?
with interphase boundary

@ Fe-C¥)-indirect

Anti-phase boundaries within 8’ Al-Cu®
precipitate
Hole in thin foil Y Al-Ag™®

Al-Cu 5540 6 il TRV ShERLY » VOE
X (~2nm)32 i, LR REICEEL O
IAT A4y PERODADHEMTELHIEEZILLNRT
\/‘2)33)
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Fig. 9. Coordinate axes used in the analysis of
step motion.
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Fig. 10. Variation of the steady state velocity
of a single step with the supersaturation calcu-

lated by analytical*¥~ %" and numerical*® methods.
For UV and UG etc., see ref. 49).
Q= 0.5
= 0,05

b)

Fig. 11. Diffusion field of a single step at a) high
and b) low supersaturations.

OERALTHEST, Lo PDEE o BB b 2EET
HIEWXHLHHTESL, A—DBEETIE, XF v 7D
BMEN afFIC DL, TEEEIX 1/n ik 54,

Fig. 11 3BEMDO R 7 v 7ORBOIEE R, @
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a) Trail behind mode
at large supersaturations

)

h) Coalescence mode
at small supersaturations

Fig. 12. Schematic illustration of diffusion field
interaction leading to a) the trail behind mode and
b) the coalescence mode for a two step train. The
length of arrows indicate the relative magnitude of
the step velocity.

WRT XD, MRS EBRAICOET S L) LB TER
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Fig. 13. Variation of the velocity of steps with
the time in a six-step train®®. Arrows indicate
the time of coalescence.
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Fig. 14. Variation of the disordered growth rate,
Gg, and the growth rate of infinitely long trains of
equally spaced steps, G;, with the time. £ and B=
b/a are, respectively, the solute supersaturation
~and the spacing between the steps normalized by
the step height*®.
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ated steps steps along the left vertical axis®®.
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