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A Study on the Characteristics of Martensitic Transformation Behaviors
in In-X(X=Pb,Sn) Alloys

Chang-Suk Han*'", Seung-Oh. Han**
*Dept. of Defense Science & Technology, Hoseo University
**nstitute of Fusion Technology, Hoseo University, Asan City, Chungnam 336-795, Korea

Abstract The phase transformations and the shape memory effect in In-rich Pb alloys and In rich-Sn alloys
have been studied by means of X-ray diffractometry supplemented by metallographic observations. The alloys
containing 12~15 at.%Pb transform from the o, (fct) phase to the o, (fct) phase by way of an intermediate phase
(m phase) on cooling. The results of X-ray diffraction show that the metastable intermediate phase is observed
both on cooling and heating, and has a face-centered orthorhombic (fco) structure. It is concluded that the o, 2
o, transformation is expressed by the o, @ m 2 o, transformation both on usual cooling and heating with the
rate more than 8 x 10°° K/s. The m 2 O, transformatlon takes place with a mechanism involving macroscopic
shear and are of diffusionless (martensitic) type. The temperature hysteresis in the two transformations is 10~13
K between the heating and cooling transformations. The alloys containing 0~11 at.%Sn are -phase solid solu-
tions with a face centered tetragonal structure (c/a > 1) at room temperature, the axial ratio increasing continu-
ously with tin content. The In-(11~15) at.%Sn alloys are mixtures of o and 3 phases, the § phase having a f. c.
tetragonal structure (c/a < 1). The alloys containing more than 15 at.%Sn are [-phase solid solutions. The In-
(12.9~15.0) at.%Sn alloys show a shape memory effect only when quenched to the temperature of liquid nitro-
gen, although their effect becomes weak and finally disappears after keeping at room temperature for a long time.
The B — o' phase transformation is of the diffusionless (martensitic) type, and takes place between 330 K at 12.9
at.%Sn and 150 K at 14.5 at.%Sn. The hysteresis of transformation temperatures on heating and cooling is con-
siderably large (29~40 K), depending on the composition. Both In-Pb and In-Sn alloys showed distinct the shape
memory effects.
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Fig. 1. A series of 200 X-ray reflection profiles (CuKo)
from an In-12.5 at.%Pb alloy on heating. (a) 293 K, fct(c/
a>1), (b) 338K, fco(m)>fct(c/a<1). The intermediate
phase(m) is a metastable one which is observed both on
cooling and heating. (c) 370 K, feo+fct(c/a<1), (d) 388 K,
fct(c/a<1). This result shows that the alloy transforms
from the fct(c/a>1) phase to the fci(c/a<1) phase via the
intermediate fco phase on heating.
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Fig. 2. Variation of lattice parameters with temperature
for the In-12.5 at.%Pb alloy which was shown in Fig. 1.
The curves show that the fet(c/a>1) 2 fet(c/a<l)
transformation is a fct(c/a>1) 2 feo(m) 2 fct(c/a<1) phase
transformation.
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Fig. 3. Variation of lattice parameters with temperature
for an In-12.8 at.%Pb alloy. The intermediate fco phase
is observed at room temperature.
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Fig. 4. Optical micrographs showing the change of the
surface relief with temperature for an In-12.8 at.%Pb
alloy. This alloy was polished chemically at 360 K and
cooled, and subsequently heated up to high temperature.
(a) 298 K, fco phase, (b) 363 K, fct(c/a<1). The surface of
the fco alloy shows a banded structure due to {110}
transformation twining, but after heating banded markings
disappeared in the high temperature fct phase.
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Fig. 5. Shape recovery with increasing temperature for
In-12.2, 12.5 and 12.8 at.%Pb alloys. The shape recovery
is estimated by the curvature ratio (K/K)). K; denotes the
final curvature of the specimen, and K the curvature at
each temperature. The curve is divided into three
stages, I, II and IIl. In the stage I the rate of shape
recovery is constant, being independent of alloys. The

arrows indicate the fco—fct(c/a<1) reverse transformation
temperature on heating.
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dotted lines represent that a corresponding phase is
observed faintly.
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The shape recovery is estimated by the curvature ratio
(K/K)). K, represents the final curvature of the specimen,
and K the curvature at each temperature. The curve is
divided into three stages, I, II and III. It is noted here
that the stage II is further divided into two stages, IL,
and II. A, and A; are temperatures at which the re-
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WAt In-(12.9~13.4) at.%Sn3a2 MFo] A
Hr} ¢FF 8 Mol 403 KolA] Blwd whe)
FYENEE 5 KANAR Fd71dadrt ekt
o} 2ey oo} e waEzgie] AR 403 Kol
A DAL Foll FAIR Al vlste] Fg3)E
o] e FYridans veplith. webA In-
(12.9~15.0) at.%Sn3H=2> ¥zl wel &
719 azte) ol BEd e, =

e oA e E S

o
o
>

hu)
ki

-3

3.2.3 FJSEAT] 54

Fig. 8& A o|olA FF3l&o] it In-
13.0 at.%Sns=3 In-134 at.%Sngs2 =7 7}
dapgel gt s EAToI FsEES AR
25| digh 7 250X A53EHIZA] A5
ok Zpre] e ple] @ARl I I ¥ M=
EFsth @A Plids, S23AAsE8S 10%

u
ol
30,
=
i
%
T
=2 d
_>L
o
o
2
o
ol
=
N
dm ot o

2B EEEE Sn O] B el 2 A
Aotk @A IIe F43 F/3]Ec] dofjuke W
L2} AA3] FAds]Eo] dojule BA L2 Wrdd
o 97 1,9 #4352 Sn Sl BAIRLe]
2K AT F& 2EFA0A dojupH, o] dAlelA
TELEES T5%0Ith DA MelAte 5419

o]



238 A
o
a _ b
@ S5 (b) .
3 S
[en X
~~
= ~
5 3
= S
£ S S
< a N
N’ s’-\ d
=y )
z 3
-5
N
=
=
1 1 1 1 1 1 1 1

26 27 28 29 26 27 28 29

20 / degree

Fig. 9. Intensity profiles of an In-13.0 at.%Sn alloy. (a)
after quenching, and (b) after keeping at room
temperature for 40 days.

BAE LRI got @4sime]

| oA 55
B AL & 5 3

3.2.4 FYAEL] BATE

Fig. 9= HAZA Foll S92 (Fig. 9) 2 =
W % 346 Ms@0%) F<9F A4 §#(Fig.
9b)*1Z) In-13.0 at.%Snree] HHA g gk X
A A dajo|t}, FHAIZ] A5 Q;g_/ﬂp_ AR A
A7 HEEE; ahR] AE & F e, AL
olA] FANZI Alge AlZEe] Aol me} pido] &
Ao} 409 Foll= MPARL Alget FUT (o +

oc)‘ﬂ 24t AR AL o S )

[N}
rh

4.

In-Pb ¥ In-Sn3}e2] Exjg)z2pol we APHe]A
T B4 & A7 tiste] 2A)sked the
I 22 AaE Ak

1. In-PbFaell A 8x10°K/s o)de] 71 - Wz
TAE o 2 o, eI ofd FPgs S

e AYE o, 2 m 2 o, e dojdt),

m 2 o, FHEAE A2l AlsEH
{110128700 23k M=ge)o] FH7|Eo] dojuj

7HEaPgollA] AR, 0|9} 2L Ahddle Wxle]
kAl 25t niZEIxjo|ErfE]o]tt.

2. In-(0~11) at.%SnFa-2 A-20|A -2 318
A o(fet, c/a > 1o]H, In-(11~15) at.%Sn3t
B T BA(fet, c/a< 1)9 24 FEZH oI
In-(15~20) at.%Sn3= pAold, Hepdd+==
VPR 9ttt

3. In-Sngl=ollA, 44714
Ot MA 2 AAe SHoF HeElR: 32HE

AlZ== Sn M) SUtol wlEl 29~40K A=
H3lsl o, slzH A~ gy vi=dirlo]
EWERT Z27) vl HeEPTAE burst?]o|Tth.

4. In-(12~15) at.%Pb iz} 2 In-(12.9~15.0)
at.%Sn3FZol A EElsl Al anbr)l gt

Foke Ueple e

i)

rot

=

1. Y. M. Jin and G. J. Weng : Thin Solid Films, 376
(2000) 198.

2. Y. Koyama and H. Suzuki :
597.

3. Y. Sutou, Y. Imano and N. Koeda : Appl. Phys. Lett.,
85 (2004) 4358.

4. T. Maeshima, S. Ushimaru and K. Yamauchi : Proc.
Inter. Conf. Martensitic Transformations, (2006)
844.

5. L. A. Arbuzova, Y. N. Koval and V. V. Martynov : The
Physics of Metals & Metallography, 36 (1973) 202.

6. K. Yonemitsu, Y. Kageyama and H. Sato : J. Phys. E
Metal physics, 11 (1981) 1449.

7. K. Yonemitsu, K. Nakayama and H. Sato : J. Phys. §
Metal physics, 16 (1986) 1625.

8. G. M. Preece and H. W. King : Acta Met., 17 (1969)
21.

9. T. Heumann and B. Predel :
50.

10. E. A. Shunk : Constitution of binary alloys,
McGraw-Hill, New York, (1969).

11. M. Cohen, P. B. Sewell and D. E Mitchell : Surface
science, 33 (1972) 535.

Acta Metall., 37 (1989)

Z. Metallk., 57 (1966)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


