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ABSTRACT

Detailed investigations were carried out on sub-millimeter sized metal (Au) and alloy (Pb-Sn) grains by employing
VTLLSM technique. The studieswere madein an extended temperature range (ambient to 200°C), at different heating
rates. Observations were also made, while keeping the temperature constant at elevated levels. Changes noticed in
the areas of facets of grains are interpreted as due to growth of new facets. Re-crystallization at substantially lower
temperatures and the possible influence of defects are considered. Modifications noticed in Au grains are compared

with Pb-Sn grains.

INTRODUCTION

The changes occurring in larger Ag, Al and Cu
metal grainswere studied in atemperature range of
30-70°C, by employing laser light scattering micros-
copy (whichisessentidly Obliquelncidence Refection
Microscopy —OIRM™) and the variationsin the ex-
pansion behavior were discussed intermsof influence
of defectd?. Thestudieswereextended intermsof tem-
peraturerange and size of metal grains. For such stud-
ies, alargeworking di stance microscopewas designed
and fabricated®. A stagewith zero thermal expansion
inpogtiveverticd direction (V*ZET) wasdesigned and
fabricated. Thethermd gradientsbetweentheV*ZET
and objective of themicroscopetriggered instabilities
intheimageof grain, formed by scattered light. A beam
path cooler (BPC) was designed and fabricated, which
eliminated theinstabilities®. A schemefor theinterpre-
tation of imageswasalso out lined®. Inview of high
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surface reflectance and stability against oxidation, Au
meta grainswerechosenfor initia investigations. Pb-
Sndloy waschosen duetoitslow melting temperature
(T.). Theresults on Au were compared with that of
Pb-Sn, sincethe genera behavior of Au should match
with that of Pb-Sn, in certaintemperaturerange. The
resultsobtained are presented in thisreport.

EXPERIMENTAL

Materialsand/or equipment.

Sub-millimeter sized Au metal grains (Sigma-
Aldrich, USA make; 99.999% pure) were studied by
employing variabletemperaturelaser light scattering mi-
croscopy!?3.

A 10 mW, 670nm laser beam was used to illumi-
nate the grain at an oblique angle 6 (0 = 62.4°, with
respect to the Z-axis), while positioning thegrain on
V*ZET. Temperaturewasincreased in small steps, from


mailto:parchabs@gmail.com

MSAIJ, 5(4) December 2009

P.Sita Rama Rao et al.

429

room temperatureto 200°C and agood number of pho-
tomicrographswererecorded (at different temperatures)
inevery run. Figure 1 showsthetypica imageof grain.

Figure 1: Laser light scattering microscopy images of
Au metal grains at progressively increasing
temperature areillustrated: (a) 23.4°C, (b) 53.1°C, (c)
103.4°C, (d) 153.5'C, (e) 200°C. 500X

Disappearance of existing bright patches(BPs) and ap-
pearanceof new BPswerenoticed. TheBPswereiden-
tified asfacets acting as specul ar reflectors, reflecting
at that particular angle determined by theobliqueinci-
dence angle of thelaser beam(®. Thenumber of facets
gppearing and disgppearing wasestimated from the pho-
tomicrographs (Figure 2a). Areas of BPs should be
proportional to the areas of the reflecting facets®.
Therefore, areas of BPswere measured from photo-
micrographs; the three BPs whose areas were mea-
sured wererdl atively wide patches. Fluctuationswere
noticed in theareas (Figure 2b). Aumetd grainswere
al so subj ected to heating-cooling cycles. Theimage of
agrain recorded after cooling it down to room tem-
peraturedid not coincidewithitsinitial (pre heating)
image; it wasanindication that thegrain underwent ir-
reversblesurface changes, during ahesting-cooling pro-
cess. Fragmentation and recombination of BPswere
noticed to take place (Figure 3a-c). Thelines(inFgure
3a-c) with positive slopes (inclined towards| eft) and
negative d opes(inclined towardsright) areduetofrag-
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Figure2: Aumetal grain: (a) Number of bright patches
(facets) appearing (curve-B,) and disappearing
(curve-B,) at progressively increasing temperature.
Curve-A indicates the total number of facets at any
given temperature. (b) Slow decrease in the areas of
facets.

mentation (bresk down) and recombination respectively.
Thediagrams(Figure 3a-c) explicitly indicatethe ac-
tivity occurring a the surface of grains. Theintegrated
areasof thesamegrain (sumof areas of all BPsof the
grainat any temperature), duringthecydic heating-cool-
ing processare shownin Figure 3d. Interestingly the
fluctuationsintheintegrated areas, waslow during the
first run and became considerabl e during the second
andthird hest-runs.

Studieswere also made on sub-millimeter sized
grainsof commercid grade Pb-Snalloy, inview of its
low T_(123°C). Someof theresultsobtainedin caseof
Pb-Snareshownin Figure4. Theactivity of splitting
and recombination of facetswas seen (Figure4) to be
initisted a about 75°C (inthefirst heat-runit sdf), while
theT_wasjust 28'C away.
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Figure3: (a) Areasof BPsvstemperature; Au grain during 1% heat-run. (b) Thesamegrain during 2"¢heat-run. (c) Thesame
grainduring 3¢ heat-run; increased surfaceactivity evident from theincreased number of lineswith positiveand negative
dopes. On-set of activity isindicated by heavy arrows. (d) Integrated areas(l ) of thegrain during 1%, 2 and 3" heat-runs.
Fluctuationsin|_areevident.

RESULTSAND DISCUSSIONS

&
&
1

Kaveet d! showed from theoretical congiderations
that when two micrometer s zed particles, having equa
dimensonswereat different distancesfromeach other,
thelight scattering profilesexhibit variations, both in
number and width of bright bands. It was pointed out!®
that BPs were composed of bright and dark fringes.
Suchfringeswereformed asaresult of interference. In
view of larger size of thegrainsconsidered here (sub-
millimeter), the observationsof Kaveet a” may not be

t completely applicableto the present situation. At the
a5 I i ™ sametime, theobserved variations (i) increase and de-
Temporature (°C) creaseintheareasof BPsand (ii) fragmentation and
Figure 4 : Case of Pb-Sn alloy grain; on-set of activity at  recombination of BPs, might not be completely ex-
lower temperature(75'C) isevident (heavy arrow). plained only intermsof thermal expansion (which can
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be prominent at |lower temperatures, asit could bethe
only avail able process). As such, facet growth and re-
lated mechanisms (that are activein the present tem-
perature ranges) may haveto be considered. Itisalso
important to note, that if opticd interferenceeffectswere
thereasonsfor the observed fluctuationsin theinte-
grated areas (1 ), then the curve-i (Figure 3d), corre-
sponding to thefirst heat-run should a so exhibit such
fluctuations. Inview of theabsenceof fluctuations(in
curve-i), it may bestated safely that thefluctuationsare
not entirely dueto interference effects. It appearsthat
migration of materia (added to or withdrawn from the
surroundings defining the surfaces) could bethe pos-
sblereasonfor thefluctuations.

It may be noted that polygonization (process of re-
digtribution of didocations, givingrisetotheformation
of sub-grainsin single and poly-crystals) can notice-
ably changethe structure of adeformed materia on
heating and also it isthe most |ow temperature pro-
cess®. At lower temperatures, dislocations move by
dip andfrom stable boundariesand at higher tempera-
tures, diffusion climb becomesdominant and promotes
boundarieshaving rdatively highmobility, formedinthe
process of polygonization. It wasreported®, based on
el ectron microscopy studiesthat cyclic heating of Al
grainsled to devel opment of sharp faceting. Under fa
vorable conditions, polygonization may be considered
aspre-re-crystallization state®; thereduction of vol-
umeenergy istheprincipa drivingforce. During such
process, triggered by increasing temperature, nuclei
formedinthedeformed matrix grow at the expense of
gtarting matrix, forming distortion freematrix, withthe
same cell structure® (as such no phase changes are
involved).

Inthe present case, therefore, it seemsthat there-
sponseof agrain to temperature dependson thelevel
of dressthat existsinit, generated probably duringthe
processof formation of grainit self. Further, during heat-
ing-cooling cycles, dislocations should invariably be
formed, thus generating stress. Interfacial defectscan
migrate and also increasein density’®2, Such newly
generated stressdictatesthe grainto behavedifferently
(viapolygonization, recrystallizetion etc.) in successive
heeting-cooling cycles.

In case of high purity metald®, T = (0.25 to
0.35)T_;whereT and T _arerecrystalization and melt-
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ing temperaturesrespectively. And, in caseof commer-
cialy puremetals®, T =(0.35t00.45) T _; theincrease
inT isduetoinhibition of mobility of dislocationsby
impurity aloms®. It may aso benoted that plastic work-
ing under certain conditionscan lower T, substantially
inmetals®. TheT_of Auig™® 1064.43C. Therefore,
theexpected T, = 1064.43 x 0.25=266.1'C. Theon-
set of activity inAugrainsat about 105C, 110°C and
125'C during 1%, 2" and 3" runs (heavy arrow marks
inFgures3a,b,c) respectively indicate substantia low-
ering of re-crystalizationrelated activity. Clearly, here
thesizeof grain also playsimportant role. In view of
smalnessof grain, larger energies, consequently higher
temperatures may not be needed to move out disloca-
tions, that arenot largein number (incomparisontothe
bulk material), in order to promote growth of wider
facets, inapre-re-crystdlization condition. Itisknown
that smaller grainsmelt at lower temperatures, whichis
the size effectl415,

Wedefinethesurfaceactivity (S), asaprocessof
breaking down and recombination of specular and scat-
tering facets. Themanifestationsdueto thermal expan-
sion, facet growth, influence of different typesof de-
fectsetc. arecollectively represented by surface activ-
ity. Thesurfaceactivity isgiven by thefollowing empiri-
cd equation:

S,=(Ng +NJ){1-N/[N 1+T_-T)I"} (@]

Here, N, and N arenumber of fragmentationsand
re-combinationsrecorded in aheat-run, whenthegrain
was heated d owly from ambient temperatureto (ahigh
temperature) T,. Further, N, and N, are total number
andinitial number of pointsonthe graph respectively.
By making useof thisequation, surface activity of the
Au grainduring thethree heat runswasestimated. The
obtained valueswere: (1) 40.59, (ii) 38.61and (iii) 47.42.

Further, transformation of aNaCl aerosol particle
to a(water) solution dropl et was studied™® by employ-
inglight scattering techniqueand largevariaionsin scat-
teringintensity werenoti ced around transformation state
and intensity profiles assumed stabl e state (after the
transformation), which correspondsto scattering from
spherical particles. In case of Pb-Sn system, it can be
seen (Figure 4) that the surface of grain was quite ac-
tive, beforeitattained T, (= 123'C) and after crossing
thetrangition temperature, the system becamere aively
tranquil. Obvioudy, thereisaparalelismat least tothe
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first approximation) between the behavior of Pb-Sn
grain and NaCl aerosol particles, around the corre-
sponding phasetrangtions.

Also, itiswell known™ that high purity and high
annedling temperaturesresultin smaller didocation den-
sitiesand in case of alloys, thedislocation density is
highand did ocationsareeffectively random. Therefore,
the on-set of activity in Pb-Snat 75'C may beseen as
amanifestation of thedid ocation-motion-promoted sub-
grain boundary migration |eading to widening of sub-
grain surfacesand surface activity. Astemperature ad-
vances, on-set of re-crystallization takesover, till the
temperaturereachesT, . OncePb-Shgrainmelts, afew
micro-dropsof liquid dloy areformed; they appear to
berdatively docile, asseenin Figure4. (It may beadded
herethat probably the tatic light scattering experiments
may not beableto reved theactivity that goeson at the
surfaceof aliquid drop). Broadly speaking, the behav-
ior of Pb-Snsystemindicatestheway inwhichAugrans
may probably behaveat higher temperatures (during
thefirst heet run).

CONCLUSIONS

Thisstudy illustratesthe temperatureinduced sur-
facemodifications, in caseof Au, viatheinfluence of
dislocations, at temperatures that are far below the
melting temperature. The observationsmadeon Pb-Sn
alloy grains corroborate the results obtained on Au
grans.
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