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Variable temperature laser light scattering microscopy studies on
10 - 100um size grains of gold, aluminum, zinc and titanium: Role
of relaxation time in thermally triggered volume changes
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ABSTRACT

Laser light scattering microscopy investigationson Au, Al, Zn and Ti metal
grains were made at different temperatures; athermal volume-strain varia-
tion parameter was defined. A modified equation for thermal expansion that
took relaxationtime (time needed for compl ete expansion dueto injection of
heat) into consideration was given and constancy of a constant (b), used in

the modified equation was established.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Thethermal behavior of small metal grainsinthe
sizerangeof 10-100um was investigated by employ-
ing variabletemperaturelaser light scattering micros-
copy (VTLLSM), in a temperature range of 25 to
250°C, usinga670nm, 10mW diodel aser. Experimen-
tal detailsand interpretation of imageswerereported
earlier>, Therdation betweenthermally triggered val-
umechangesandroleof rdaxationtimeisdiscussedin
the present report.

OBSERVATIONSAND DISCUSSION

Theareaof bright patches (BPs) recorded in ahesat-
ingrunonametd (Zn) grainareshowninFigurelas
an example. Themaximumand minimumtota areasof
BPsA _ andA . wererelated by afactor o, which
may be defined® as
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o=(A_A.)A L FTAL (@)
Thefactor o represents thermal volume-strain varia-
tion. The o values of title metals obtained at different
rates of heating (dT/dt) areshownin Figure2. All the
curvesshowed initial brief increase and then continu-
ousdecrease. Continuousdecreaseintheaveragevadue
<o 1s interpreted as due to restricted response to the
imposed thermal field, caused by insufficient timefor
expansionto fullest extent, permitted by thetempera-
turedifference. In order to explain the observations,
theclassica equation for therma expansion ismodi-
fiedas,

V.=V _{1+30AT/exp{t'[1-b'c]} (2
WhereV andV_ areinitial and fina volumesat tem-
peraturesT and T respectively; AT =T -T . The coef-
ficient of thermd (linear) expansionisrepresented by
a. (Even though o varies with temperature, a constant
valueof a is assumed in the equation, since the varia-
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Figure2: @ vs.dT/dt curvesof (a) gold, (b) aluminum, (c) zinc
and (d) titanium grains. The peaks correspond to critical
relaxationtimet...

tionsare not too largein comparison with o it self, as
seenfromTABLE 1).

Relaxationtimeandactud time (avallableinagiven
heat-run, determined by rate of heating) areindicated
by t. and t respectively; b is a constant. The Eq.2
givesthefollowing resultsfor different experimental
conditions: (i) If t=0,thenV_=V . ltmeansthatin
theabsence of timefor expansion (or relaxation), there
will be no expansion (eventhough AT = 0). (ii) If t.=
t, then Eq.2 reducestotheusuad V =V {1+3a A
T}. (iii) Whent >t _, then compl ete expansion takes
place. Therefore, notional timeisinfinite. Onceagain
Eq.2 reducestotheusua form. (iv) If t <t , thenonly
restricted expansion takes place, dueto insufficient

Figurel: VTLL Smicroscopy imagesof agrain of zincat (a) 30, (b) 120,
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(c) 200°C; dT/dt = 0.2°/min.
timefor completerelaxation. The shapesof thecurves
areinterpreted asfollows: During thelow rates of hegt-
ing, grains have sufficient timefor complete expan-
sion. Assuch @ wasincreasing with increasein dT/dt
(moreexpansion for morerapidincreasein tempera-
ture). Such increase occursonly aslong asthe avail -
abletimefor expansionislarger thanthe(critical) re-
laxationtimet_.. Thepeak noticed in each curvethere-
foremay correspond to the condition, t =t ... Oncethe
availabletimetislesser thanthecritica relaxationtime
t., grainsfail to show complete response to an im-
posed temperaturedifferential, sinceanew expansion
requirement getsimposed on thegrain, beforeit ful-
fillstheearlier requirement. Assuch o vs. dT/dt curves
show aconstant decline. It isknown>® inthefield of
first order phasetransitionsthat in caseof high hesting
rates, the materials melt, with out going through the
expected transitions. The present Situation may beakin
toit (in the sensethat both processes need some mini-
mum time period to, accomplish the warranted ad-
justments on atomic and molecular scale). Itisknown
that o varieswith temperature”. Therefore average
vauesof o (estimated from thegraphg?) for therel -
evant temperaturerangeswere used in estimation of
constant b of Eq.2. The parametersderived from the
experimental conditions, yieldingthepeak values, are
showninTABLE 1.

TABLE 1: Thet_and <b>valuesfor four metals

Metal a2 Estimated o values” tc(*)  <b>

Ti 8.4x10° 9.37x10® 182 1.0754
Au 142 x 10 14.04 x 10°® 231  0.9648
Al 236 x10® 25.86 x 10°® 172 0.9963
Zn 27x10° 1578 x10°(Lc-axis) 218 1.1814

(*) t. is measured as time (in seconds) needed for 1°C tempera-
ture rise.
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Thereasonably constant value of b may beindica-
tiveof thevalidity of Eq.2. It seemsthat thedifferentia
expansionV_—V_(whereV_and V are the experi-
mentally detected volume at atemperature T, and the
volume expected at that temperaturerespectively) of a
grain, becomesmoreand moredominant®, asthegrain
szeisreduced, pavingway for themanifestation of role
of defectd®*. The VTLLSM studies on this aspect
shall bediscussed separately.

ACKNOWLEDGEMENTS

Theauthorssincerely thank Defense Research De-
velopment Organization, Ministry of Defense, Govern-
ment of Indiafor funding aproject onlaser light scat-
tering by metd grains, under which the studiesreported
herewerecarried out. Authorsare a so thankful to Prof.
PB.V. Prasad (deceased), who actudly lead the project
and completedit successfully.

REFERENCES

[1] PB.V.Prasad, P.B.Shashikanth; Indian J.Eng.Mater.
Sci., 13, 162 (2006).

[2] PB.V.Prasad, P.B.Shashikanth; Indian J.Eng.Mater.
Sci., 12, 591 (2005).

[3] PB.V.Prasad, PB.Shashikanth; Communicated

[4] D.McKie C.McKig ‘Crystalline Solids’, John Wiley
& Sons Inc, New York, (1974).

[5] R.Turner; Ind.Eng.Chem.Prod.Res.Develop., 10,
238 (1971).

[6] R.Boistelle; ‘Current Topics in Materials Science’,
(Ed) E.Kddis, North Holland Publishing Co., 2,
(1980).

[7] V.E.Zinovev; ‘Handbook of Thermophysical Prop-
erties of Metals at High Temperatures’, Nova Sci-
ence Publishers, Inc, New York, (1996).

[8] T.Kino, K.Ono; ‘Point Defect Interactions in Met-
as’, (Ed) J.-I.Takamura, M.Doyama, M.Kiritani,
University of Tokyo Press, North Holland, 247
(1982).

[9] D.N.Seidman, R.W.Ballufi; Phys.Rev., 139, A1824
(1965).

[10] PB.V.Prasad, Ch.V.Gopal, K.R.Gopal; Sol.Sate.
Phys. (India), 43, 142 (2000).

[11] JPGanne, J.Von Stebut; Phys.Rev.Lett., 43 634
(1979).

[12] R.A.Walsh; Machining and Metal Working Hand-
book, McGraw-Hill-Inc, New York, 394 (1994).

Watarioly Science  mmm—
A VWMW



