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High-pressure Phase Transformations in 
Laboratory Mechanical Mixers and 

Mortars* 
THE mechanical action of simple laboratory 

grinders, mortars and similar devices has occasionally 
been used to assist in chemical reactions in addition 
to performing their primary physical functions. 
Among these chemical reactions are phase trans
formations. That the effect is due to some kind of 
a pressure component in the mechanical action may 
appear obvious, but the magnitude of the pressures 
is not readily appreciated, nor can it be calculated or 
measUl'ed. However, in the course of work in this 
laboratory on the high-pressure polymorphism of 
lead dioxide (PbO.), the information that a phase 
identical with the new high-pressure polymorph, 
which had been shown to be stable only in the region 
above 10,000 bars, had been formed by simple 
grindingl was noted with no little surprise. The 
observation was promptly confirmed by grinding a 
small amount (2 gm.) of the common rutile form (I) 
of lead dioxide in a mechanical mortar and pestle 
combination of laboratory pattern. Grinding in air 
for a few hours converted an estimated one-third to 
the denser orthorhombic form (II). After preliminary 
work, it transpired that nothing new in principle had 
been added to some similar results which had been 
reported by Burns and Bredig2 on the transformation 
of calcite to aragonite by grinding in a mortar. The 
high-pressure phase was formed from the low-pressure 
one, the amount of change was dependent on time, 
and subsequent heating would form the low-pressure 
phase. A significant difference is that phase equil
ibrium and thermochemical studiesS place the 
calcite-aragonite transformation at about 3,000 bars 
at room temperature, which is considerably lower 
than the 10,000 bars necessary for the lead oxide 
I ~II transformation. 

The obvious question that arises is whether or not 
the high-pressure types are actually being formed in 
their field of stability, or whether the shearing stresses 
so dominant in such an environment either alter the 
relative free-energy relations of the two forms or 
permit metastable nucleation of the high-pressure 
phase. Therefore, other substances with known p- t 
relationships between polymorphs (work in this 
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laboratory, with,.L. Azzaria and W. B. White) were 
chosen for further study; MnF., BeF., SiO., PhO, 
Sb.O s, B.O s and BAsO,. Their transition pressures 
at room temperature (extrapolated from our equili· 
brium data obtained at higher temperatures) are near 
9,500, 15,500, 13,500, 5,500, 10,000, 18,500 and 
30,000 bars respectively. It was found that grinding 
for several hOUl'S in the mortar assembly under 'air 
or nitrogen (where oxidation was a possibility) would 
produce varying amounts (as determined in every 
case by X-ray diffraction) of the high-pressUl'e phases 
of PbO, PbO I , CaCO s, MnF 2, Sb.O s and BeF 2 

(questionable) in decreasing order. Also of new but 
related interest is our finding that the 'quenchable' 
transitions in calcilllll carbonate and lead dioxide 
and in many other selected phases could be effected 
(partially), in a few minutes to 2 hr., by the 
action of a small rapidly vibrating mixer·grinder. 
The type used (trade name 'Wig-L-Bug') is common 
in spectroscopic labOl'atories and was used with a 
metal vial and ball and 50-100 mgm. of sample. 
Furthermore, it was found that the same (vide supra) 

. relative effectiveness in forming detectable amounts 
of the high-pressure phases was evident in the action 
of the 'Wig-L-Bug'. Of the highest-pressure phase, 
BeF 2 (cresite), only a trace was formed. Making 
allowances for the very sluggish nature of the quartz
cresite transition of silica and the more complex 
relation' and serious hydration problem in the new 
high-pressure B.O s polymorph, it appears that 
pressures in the region of 10-20,000 bars are being 
applied intermittently to the fine grains subjected to 
the 'grinding' actions in each of these types of 
apparatus. 

That a real pressure component is operative in the 
action of the mortar assembly was shown by increasing 
or reducing the weight of the pestle-head assembly by 
means of a suitable weight or counterpoise to twice 
or one-sixth the normal weight. Thus, although 
about 20 per cent conversion of calcite to aragonite 
was achieved by only 13 hr. of grinding under normal 
weight, and about 5 per cent in the same time under 
half the normal weight, more than 100 hr. under the 
one-sixth weight failed to produce detectable amounts 
of aragonite. Presumably the greatly reduced weight 
of pestle is not sufficient to generato pressures greater 
than 3,000 bars on the calcite, leaving it still in its 
equilibrium field. Another example is the litharge
massicot transition of lead oxide in which litharge is 
the low-pressure (and also low-temperature) form. 
The action of the light-weight pestle (under nitrogen) 
will drive massicot readily to the stable litharge (this 
being merely the effect on kinetics due to bond 
breakage), but if litharge is the starting material no 


