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Thermoanalytical Measurements of Shocked Alumina Powder
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INTRODUCTION
treatment.

Abnormally high fracture sutface energies commonly
measured for alvmina ceramics and the existence of
residual strain encrgy as evidenced by X-ray microbeam
study in shocked alumina powder! have suggested that
plastic processes involving generation and movement of
dislocations are assoclated with fracture and impact
damage events in @-AliDs. Ciber investigators™** bave-
described many evidences of plastic work in alumina
ceramics and have associated theobserved defect structuzes
with fracture hehavior. The present work is aimed at
substanriating such findings by means of thermaanalytical
measurements of thermally activated releases of shock-
tduced internal strain energy by dynamic differential
calorimetry.

Residual strain epergy (existing in the form of dislo-
cations and/or other structural defects)may he considered
as non-thermodynamic excess energy, 1.e. the excess is
only metastable and should not exist wvnder conditions

of true thermodynamie cquilibrium. Such strains can,

The energy released during annealing can he detected
experimentally by various thermoanalytical methods.
The basic method is known as differential thermal ana-
lysis (DTA), in which sensitive differential themocouples
are employed to measure slight lemperatme dillerences
between the sumple material and an  appropriate (and
usually inert) reference matcrial while both are being
heated (or cooled at 2 uniferm rate within a uniform
{usually massive) thermal environment. Apparvatus for
dynamic differential ealorimetry (DDC) Is based upen &
rather different specimen holder geometry feawring a
less msassive thermal environment. Tt facilitate guamtita-
tive estimates of the total energy invalved in the caus-
ative process (ptoportlo;lal io the intcgrated area under

the peak for a given cnergy release or absorption).

MATERIALS AND PROCEDURE

Explosively shocked alumina particulates* were ohtal-

ned for thermoanalytical and electron microscopic exam-

{178 )



i £4¢ L2 Alumina 2eote] Q9pa

ination, logether with a control specimen of the original
usiginal unshocked alumina (Linde A)**

Dypamic Differential Calorimetry (DDC) was employed
to deteel and measure the energy stored as anpealable
defects in cxplosively shocked alumina. A differential
analysis apparatus*®* was modilicd for these measurem-
ents by ihe addition of an appropriiate sample holder
and differencial thermocouple *#% The modification of
the DTA method has been described by David® and by
Campbell6. The ring-type differential thermocouple em-
ployed allows the detection of differestial sigpals as
small as (.05 microvolts. Approximately 150 mg of
shocked alumina powder were encapsulated in platinum
foil by weans of a Encapsulator™4% % The encapsulated
sample was placed on one of the two ring thermocouples
and an equivalenl weight of similarly encapsulated ref-
erence malerial was on the other. Both were heated
to 1,200°C at a tate of 10°C/min in Ar gas atmosp-
here.

For transmission electron microscopy. the particulates
were deposited on carhon support film from an ultrase-
mically apitaled suspension in acetone. A JEOLCO JEM
~120 transmission electron microscope operaiing al 120

kv was employed for the ohservation of defect structures
RESULTS AND DISCUSSION

The control material contained two phases, (Fig. 1).
The dominant a-AlsOy final product has irregular. rou-
nded, often protuberant shapes, while the intermediate,

motastable 7-AlD; minor phase is extremely fine grained

*Specimen provided by Dr. Oswald R. Bergmann.
Eastern Laboratory, Explosives Department, E. I du
Pont de MNemours &Company, Inc., Gibhstown, New
Jersey.

+*Alumina Powder, Linde A grade, a product of
Tinde Division, Usion Carbide Corp., East Chicago,
Indiana.

#¥Model DTA-12A. Differential Thermal Analysis
Appazatus, a product of Robert L. Stone Company
{now a Division of Tracor, Inc.} Auwstin, Texas

#*#Typa SH-118B2-PDZ Sample Holder with Pt-Pt
10 % Rh ring-type differential thermocouple. Fach
ring of the thermocouple supports a very small platinum
vessel containing specimen or reference, vespectively.

##wkGample Dish Former and Encepsulator. a
product of Tracor, Inc,, Austin, Texas
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Fig. 2

After explosive shocking at purticle velocities in the

200-1, 000 in/sec range, 7 the material was found to be

significantly altered, (Fig.2). The y-Al0s particles

*These independently obtained findings are in good
agreement with the mennfacturer’s published descripti
ons of this material,



were defloceufated and dispersed, and some of the a-
In

direct transmission, ® many of the a-Al(y grains sho-

AlQy particles had been fractured in neck regions.

wed evidences of defect structure resulting {vom defor-
matjon including dislocation contrast effects and/or re-
glons of twinning.

Characterization of Excess Energy by Dynamic Diffe-
rential Calofimetry

Figure 3 is a plot of dynamic differcntial calorimetry
iraces over the range 700°-1, 200°C for an unshocked
alumina eontro} specimen [compared with sapphire)and
for ibree different experiments with shocked alumina
(compared with three different roference spacimens: (15
sapphire, (2) unshocked control material, and (3) riply
annealed shocked aluming].

The sapphire relence is congidered to have wno lateut
heal effects aver the 20°-1,200°C heating Tonge, hut
both the unshocked contrel and the triply anmealed
material are ilkely to undergo phase transformations and
Jov sintering wilhin this temperature span, and cannot be
considered to be truly inort,

In these plots, the sclid curves represent the moasured
difficrential EMF’s obtained as small pressed pellets of
sample and reference materials (closely matched in wei-
ght, 150mg) were being heated-for the first time- at
a 2ate of _10°C/min in shallow platinum vessels in the
The lower
edge of the shaded region beneath each curve fur shoc-

The

baseline is temperature dependent, and was determined

special ring-type differential thermocouple,

ked alumina represents the tracc of the base Iine.

by repeating the heating cycle a sccond  time  without
Jisturbing the speeimen holder, Baseline curves have
been adjnsted vertically—shightly-io provide a normalizing
coincidence with the upper curve; normalizmng has been
bagsed wpon establishing an  arbitrary zero difleronce in
EME between test and baseline mns at a small inflect-
ion. point (characteristic of all runs with this specimen
holder) just below 200 °C.

The area of the shaded regicn is amenable to dizect

#*These sounded giains are too opaque and variable
in thickness for very eflective dislocation studies dy
transmission mictogcopy. To obtain acceptable contrast
and depth of focus.
relatively low magnifications, then eclarged photogra-

these plates were exposed at

phically.
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Fig. 3

measurement by planimeter methods, and may be cousi-
dered to be proportional to the total exothermic release
of energy during the first healing to 1,200°C, To
provide a (tentative) reference standaxd for scaling the
energy quantities involved, a plot of the endothermic
e—to-f quarlz inversion peak has been included. The
energy required for this translormation has been varlou-
sly reporied as 2-4calfg. ® For ithe purposes of this
report, the valuc arbitvarily has been considered tn be
3 eal/p,

Plats for shocked alumina-regardless of the iefeience
material selected-consistensly indicate a broad cxothorm
over most of the tange above 800°C, wilth two or move
charcterstieristie peaks. of which the ane at ~1130°C is
the most praminent, These peaks do not occur in the
control specimen, mnor do they recur during second
heating runs for shocked material. It seems clear that
these exotherrns represent-in part-significant releasses of
energy asSociated with the annealing of shoclk-induced
strains in a-AlQs. Flowever, they are not unambiguous,

because other reactions, also exothermic; are considered
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to be highly likely within this temperature range. They
mclude (a) annealing of stralns in the y~Al{Ds second
phase (b) transformations of ;~to @-AlQs; and (¢}
sinteting (resulting in 4 reduction of total surfice ener-
gyl of a-AlsOy. Unambigous characterization of specific
energy profiles associated with annealable excess energy
per se will require deformed monophase pm::t‘;iculate
material free of the confounding effects noted here.

These cifects, particulasly the sintering, ave considered

to actount far significant fractions of the subustavtal

energy differences denoted by the shaded areas.

These results demonstrate the effectiveness of the DDC
method and electron microscopie techniques in  sensing
stored energy eflects in shock-modified alumina particu-
lates. The estimated guantities of energy released, even
in the most conservalive case (shocked vs unshocked).
are very substantin]l (-14.6cal/g). These results are
considered to be in excellent qualitative, though not
neeessasily guantitative, agreerent with the eatlier fin-
dings of Bergman and Barrington” and Heckel and
Youngblood! about enhanced sinterability attributable to
sirain effects in shocked alumina, They alsn appear to
subsiantiate the role of contributions to sintering kinetics
aftributablic 1o anneslable escess energy (denoted by she
“little q” term in a tempoerature dependent factor, e~

—(-%,I“l—)—} coptained in a model for dendification propo-

sed clsewhere. #
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1. Linde A alumina powder as received, This is the
unshocked control material. Compare with explosi-
vely shocked Linde A in Fig. 2.

2 Txplosively shocked Linde A alumina powder.

Large 7-Al;0s fllocks have been broken and dispe-

reed. Some neck-growih regions in e-AlQy grains

{indicated by arrows) have been broken. Asterisks

locate contrast effects considered to de sites of shock

~induced imperfections in several different a-AlO;
grains,

Thynamic differential calorimetry of explosively sho-

eked Linde A alumina powder. These curves, and

their tentative interpretations, are descrided in text.
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