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Abstract

Phase evolutions involving nucleation stages together with diffusional growth have been examined in order to provide a guideline
for determining rate limiting stages during phase evolutions. In multiphase materials systems in coatings, composites or multilayered
structures, diffusion treatments often result in the development of metastable/intermediate phases at the reaction interfaces. The
development of metastable phases during solid state interdiffusion demonstrates that the nucleation reaction can be one controlling
factor. Also, the concentration gradient and the relative magnitudes of the component diffusivities provide a basis for a phase selection
and the application of a kinetic bias strategy in the phase selection. For multicomponent alloy systems, the identification of the
operative diffusion pathway is central to control phase formation. Experimental access to the nucleation and growth stage is discussed
in thin film multilayers and bulk samples.
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Fig. 1. Composition of phase development in an alloy of composi-
tion Co during (b) precipitation and (c) interdiffusion. In
both cases, the reactions yields a common final state(d).

0]

TS ARl dosky ve] YR F-go] 7L,
Hedh upep 7o) e 2REY FHge] dA
Aol 9&e v)E £ Qi ve 23S ZHI) AsiM, F
AR 24 7187] stellA o] 2re] AW e G g
GOl W&t Desre ¥ Yavario] si4d=E yEsle] BH, 2
d CE 7HE LEAENEH A= &Y ¢ THE F
7Hge] AARZHE g3 o] o
AGy(c,,c*) =240, 1> +8pAG, 7 + ‘3—‘ paA(V2C)r (1
A7 o & ZEAS} Tl AMAA )L, p=
WA G dAEFE, AG, = A CrolA dEHE (poly-
morphous transformation)®)] W& AF-olu 2] W3}, 7870



Vol. 26, No. 1, 2006

Journal - of the Korean Foundrymen’s Society

—729 -

A g (0G770C )e*oltk 2 (ol AL T WA
BA9E A% ¥ L AR YA S)ofG 2
th 71&7] oAlUA] A AK(gradient energy factor)7} CHOE
71 = JAY, ve (FET) <10°em™d A, 22
AE FANG % YrHe) 24712709 Famse A (1)
Ve AEoE Uepin, o] ghe aaahilel 7] g oA,
7V F88p &gt AR, Niz 3 E dolde] NijZr,
o We A ve gelN DAL 4 e E2S
= Ve, o1& rqu] A BTk B ALE A THA)

L(zAGw)
c 9(; 1/2

3}

=]

& vt

rlo

o

Ve @

g, A Bﬁ—ﬂ” olidt FE=Tule] HEe
371 s 3ol Ade et Agsks WS Hol
+7F B R ch’i B Ho A dAth7]. of& ¥
Coffey ¢ Bramark[8]]%] 2)eiA H. ¥ Hie} o] & F&
FHE JElE gkl Aod] dAEESE 71E mriRs =

[SR===1
7]-/\]-_,] 51]/&3/&4 o] O-]z—ﬂE] E]._E_

7}1-‘)( J,]_Eq 5].)\}, _,4]4/] ZOMO
de) A ATH9). ol#lg 2471870 FIE Aojala,
& VC Y A=E gAGE

= o|GtE THAAA AL HeE
Hog AAgo A HHY £ 2 v e
Ut F7Hdel A HH, AlEnkgsd o] JFe
2471719 &3} E}—?‘: S A B
"ZA €}, o8 59, ) 5’4'4?55}‘}_7} 8 zke] ukgA
weba EA87] wiel, AL F7hde] AL A
2 o ©es] ARl w2 wakkce AAAGAHE ueba
SHoE dojpA =t AR, T Y]
A2 & A 2700l e AHE
spreading)e], ©]%- “FAL g
2, 24718719 FTF sliM

8 sl EoH24].

o b

ir

n‘

i

olo e ang

X o
i
T (H o

F

I

bzl AlEE ¥

2 =944 (lateral
dojubar[10,11], FEH 2.
2 S0l oA eR A

3.2 4t CiE MEoMe] AlogtE
Adelr Lok 271 AW ASS A8 2Al] 9
grtz, AlERkEo] AujzRl AlEFeyt a2 sheul[10,12],
dAA WHEFHE 2AA] HEE /e UF wEA Tt
olH & W& olsfst=rl Hgst Fatelgk & 4 Utk ol
T oS HEAIEE Rl tre] Alde] ERlehy, v
A Whgol A S I AL, verRe] AEvt
@35 v gl Hls) "VH/‘}%%W%I (DSCYE &3 /%
Wate] AN FEE ANSE A/7F AR Goldich 2
TFoME 27N ATFE HBW gastA XE*
Hslagg 717 Nisicel taras ey
B3t
A=) vle} 7ho], E=7F A oo L] AT shakA
32 Adgkg 27
component pairing 7]
© w53 ARt EgA s
A WA, o] A
Zgor 74 & 9y oA gEe] due

o]e.
o=

ket
W B
z o
>
H

i
B

oy
2,
=2

(29)

Ni o Nigsifo XNiSi NiSi,

NigSipNipSiNipSi
Fig. 2. Isothermal phase diagram of Si-C-Ni system at 900°C.
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Fig. 4. TEM cross-section micrograph of (a) as-deposit Ni/SiC multilayer, (b) is the enlargement of (a), (c) after isothermal heat treatment.
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Fig. 5. Schematic isothermal phase diagram indicating a phase
selection strategy during interdiffusion reaction.
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Fig. 6. Potential reaction layer formation in a »/B and y»/A/B
diffusion couple involving a stable pairing of phases.
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Fig. 9. The BSE image of TiAl/Ti/TiSi, reaction couple annealed at
1100°C for 400 hr. (b) is the enlargement of (a).
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pathway of TiSi,/TiAl and : Diffusion pathway of TiSi,/Ti/TiAl).
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