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ON THE LOCATIONvOF METASTABLE IMMISCIBILITY
IN THE si0 A1203 SYSTEM
Subhash H. Rlsbud and Joseph A, Pask
Materlals and Molecular Research Division, Lawrence Berkeley Laboratory
and Department of Materials Science and Mineral
Engineering, University of Callfornla,
‘Berkeley, California. -
Jantzen and Herman1 have raised questions regarding - thermodynémic
calculations and experimental resultsz’3 related to metastable immiscibil-
ity and crystalllzatlon of bulk melts and: glasses in the SiO Al2 38

tem. This discussion is presented to show how differences.in considering

concepts of glass transition, effects of experimental cooling rates,

cooling rates influenced by sample thickness, and thermal history'can be

problematic in the experimental attempts to locate the boundaries of the
much anticipated liquid immiscibility invaldmino silicate élasses.v-We
also cite the experimental ,evidence from ssvefal investigations, inclﬁding
our own, to show that the miscibility gsp proposed by Jantzen snd.Hermanl
is a result of the muchsfaster cooling rate to which their glass specimens
were exposed.

The decomposition behavior and stfucture of glasses examined by .
Jantzen agd Hermanl éan'besexpected to be different from,ths behavior of
melts and glasses we sxamined because of the_different glass‘prepatation

. ' 2
procedures. While we prepared glasses in bulk form in sealed molyb-

'denum_crucibles.(*3,75 x 2.5 cms) by quench cooling homogenized meltsin

_ _ v . . 1
“helium at a rate of ¥15°K/sec, the glasses studied by Jantzen and Herman were

Now at Department of Metallurgy and Material Engineering and Materials
Research Center, Lehigh University, Bethlehem, PA 18015.

-



-2-

o ‘. | ' | 6 3
~ prepared in the form of thin ribbons at cooling rates of ~10 °K/sec. The
estimated curve of glass transition temperatures (corresponding'to a viscosity -

of =10 = poisés) veréus composition shown in.dur'wc}rkv2 représents the I
" equilibrium glass transitidg (Tg(eQ) for a metéstable state achieved )
- under conditions approaching an infinitely Siowly cooled glassy liquid.
.0# the other hand, the rapidly cooléd gléésesvexamined by Jantzen and
Herman will éhow a higher glass transition temperature as shown schématic-_
'vally in Fig. 1. On reheating the rapidly cooled'glass,»decomposition to
cause phase separation cén occur at a ﬁuch lower teﬁperature than Tg(eq’
because of a_higﬁer free energy driving force énd the existence of high'v
mobility molecular speciés frozen-in during the rapid quench. The répid—
1& cooled glass'isvthus likely to exhibit thermal instability at a lower
- temperature than.oﬁe woﬁid expect for a slowly cooled glass, i.e. below
- Tg. As illustrated in Fig. 1 this temperature would beblowér, the higher
fﬁe.frozen in Tg.
Further, as demonstrated in the work of Neilsen,a.the initial state
6f the.glass can also have a remarkable effect on'thg mechanism (spinodal
or ﬁucieatioﬁ-growth) by which thevglass phase separates upon reheating.
An example of this quenching history.dependence can be readily seen in |
the wbrk-of MacDowell and'Bea'll5 where’struptures ranging from the droplet
type to interconnected type were obServed in thé same sample because of -
_cooling rate_differeﬁégs.between thé center and’edges of the sample. Alsdg.
ﬁhile MacDowell and Bealls and'Jantzen and Hefménl both report an inter- » o
cqnnectivity characteristic of spinodal decomposition in the és-quenched
. 20 mole¥ 1A1203_glass, Takamori_and Roy6 found only "inﬁomogeneities of
the.ofdef pfiiélOOK"_and qo'evidencevof interconnectivity in_ﬁheif splat

~
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cooled glass of ‘the same composition even upon reheating upfto the

. v . 6
crystallization temperature.

The miscibility gap proposed'by Jantzen and Hermanl has an upper

consolute temperature of ~650-700°C at ~28 mole? A1203 with composition

limits of ~12 and 41 moleZ A1203'at ambient temperatures. The existing

experimental data in the literature, which can aléo_be presumed to
be correct, ~ but show different composition and temperature limits.’
On the silica-rich end, immiscibility in a glass containing 6.44 mole¥

A1203 was reported by Nassati et»al{7 using light scattering of a laser

beam. MacDowell and Beall-5 also report phase separation in'a 10 mole%

A1203 composition. Similarly, on the alumina—rich end phase separation
of a 50 moleZ% A1203 composition was found by MaéDowell and Beall.5 '

Further, Takamori and Roy6.observed fine structures in splat cooled glass-’

es up to ~54 moleZ AlZO compositions. Different COnsolute'temperatures

3

were again indicated by the experimental data of Nassau et al.7 and the

observation of phase separation. Galakhov et al.8 after annealing glasé

compositions in the range 15 to 30 mole} A1203 at temperatures of %1225

to 1275°C. Similarly, we consistently observed glass compositions of

3
of the 47 mole% A1203 (60 wt?) melts.3 Assuming prior phase separation

~11 to 12 mole% A120- in métastablevequilibrium with_mulliteﬁin our study
this glass composition closely followé the silica rich boundary of the
ﬁiscibility.gap we calculated.

vUnfortunately,'Jantzen and Hermanl héve'misinterpreted.our‘reported
quenching experiments on the 47 mole¥ A1203-compositioﬁ. The quenching

experiments were designed to show that.melts homogenized at 2090°C
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were easily supercooléa to about 1325°C'at.which point mullite Crysfal—
,iization,occutred. ' This température approximately co;respohded to the
ibéunda:Y'of a_preVioﬁélyvcalculéted 1iquidvmiscibili;y_gap.2 Tﬁus,
quenching diigc;1y to foom.temperétﬁre or 600°C (whiéh is below Tg(eqs)’
v or‘delayingvthe"cooling at any temperature above-1325°C.or cooling to
1500°C and then reheating to 1725°C priof to quenching alwéys pfoduced
ﬁuliite cryStals'of the same cémpositiqn or morphology. Sppercooling

- into the_réngevéf.l325 to 73060 and holding prior‘ﬁq quenching rééulted

v.in'muilite with lower A12_03 contents indicating that mullite had crystal-
ii?ed aﬁd exsolved_somé A1203‘ddringvthe holding period.. ThéSe experiQ
ments indiéated‘thaf mﬁllite.cfystallized in the melt at about 1325°C at
6ur<expefiménta1 cooling rate. -Consequently; raisihg the_temperature to
1725°C after first cooiing to 925°C resulted'iﬁ fgcr&étallization, or
reversion, Qf.the mullite that was precipitated at.925°C. The
éi&se asédciatibn of these experimenﬁal data (for th¢,47 moleZ Al,0, melts)
.wi#hvthe position of the calcﬁlated:miSCibility gap leads us to believe
thatriﬁ_ﬁhis.cése liquid‘immiéciﬁility océursvasia precursor ﬁo the ’
obéérved-ﬁet§stable,mullite‘crystailizatibn. This point was discussed in
thevpape§.3 . |

V-In shmmary,.we believe that the miscibility gap calculated by us
from the phase diagram liQuidii represents a metasﬁable equilibrium con—-
diﬁion between the separated glassy phases.z It is possible tp circum-
‘vent this_metastable equilibrium by kiﬁetig_pﬁenomenon when rapid cooling
techniques aré_gmployed.A Thus,vraéid quehching can suppress the misci-

- bility gap. .Furthermdré, because of the resulting highly energetic state '

of thérglass,_subsequent heating can cause decomposition reactions at
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 temperatures below Tg(éq).v Our experimental quench cooling rates were

slow enough to provide essentially metastable equilibrium conditions.
The cooling rate employed by Jantzen and Hermanl considerably suppressed
the miscibility gap. ‘Their questions have once again pointed to the im-

portance of considering metastable tran_sformatibris9 in the'dévelopmeht

‘ . R - - . v . s B
of ceramic microstructures and have re-emphasized™ the difficulties

associated with.exPerimentally‘defining the detailed miséibility'gap-in
the S:_LOZ—AIZO3 system.
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FIGURE CAPTION

Schematic of specific volume vs. temperature for melts cooled at

"'

increasing rates from Tg(eq) to Tg and subsequently heated.
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