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EFFECTS OF HIGH P. ESSURli: ON GLASS* 
By H. M. COllEN and RUSTUM I~OY 

(Pellllsylvallia Slate VlliI'ersil)" Ullivf'l'sily Park, Pa., U.S.A.) 

Glasses provide a whole family of materials which can undcrgo continuous and substantial changes 
in propcrties with thc application of ult ra-high pressures in the range 20- 200 kb, even when these 
pressures arc applied for a very short timc and at room temperature. Inercases in density of approxi­
mately 10- 20% have bcen reali sed in simple gla~~es sllch as germania and silica. For most glasses, the 
total pcrmanent compaction reaches a 1l1;I ~im llll1 value independent of thc actual tcmrcrature and 
rressure conditions. llelow this maximllm vallie the (tllllpa<.:tinn is a fUllction uf both telllperature and 
rressure. Qualitative calculations show rdn;" ~ahk (,)n~i,tcncy at a val ue Ill' --.{). 51 for the tcrm 
'volume uf ions over molar volulllc' whcn vari"u, gla"cs OIre elllllJlrcs~cd 10 their maximum density. 
Molar rcfractivity calculations show that thc c,lInpactili ll b realised OIt the expense of the void spaces in 
the structure ilnd not by increasing thc prill1;II'Y l'IHlIlli nalillll ,If the netwurk formcrs. 

I'rcliminary results on expcrimcnts wllh dideclliC lu~~ dl\pcr~i\ln ill .Iilll, at these rressures, show 
mcasurablc changes. The innuencc Ill' high l'le~,"rc lin Ihe killl.: l ics or glass crystallisation is quite 
profound . Dry silica gluss can be cry~talli , .. d '" Illw as 70() ' (lit II I'n:ss lirc or (,0 kb). Glasses 01 the 
composilion of eucryptite lind srodul1lclu,: ,hoI\' a n:markable l1ueJ.:atiol1 behavior. Such glllsscs may 
he crys tlillised within II few mil1utes lit IClll p.:rntlll'l·' ItC;lr )00" IIltd prl'sMires or npproxil1llltcly 20 kb. 
The course nnd the products of crystallisation nrc (kpClldcllt lin whcthcr or not the presslll'e is IIpplkd 
during the heating-up stuge or only IIncr the ':Imple ha~ lIilailled hir.h tcmpcrulure. Nuclci of the low 
tcmpcruturc- high density (X-forms of both the~l' minna ls t:nlt he r(lrlllcd if the pressure is upplied lit very 
low tcmperatures. Thcse nuclei will thell grow 111 thc 11I t.: her temperature region to well-erystalliscd 
low-temperature spodumcne or cucryptite. 

Introduct ion 
Bridgman & SimonI first reported the ellcct of vay-high pressure on certain glasses. They 

reported that silica glass could be densifi cd l:vcn at roo m temperature with an applied pressure 
exceeding 100,000 atm. They were also able lO ~h()w that the percentage densification in a series 
of glasses containing different alkali ions is related to the composition of the glass. When one 
considers the nature of such a permanent compression in the glass, it is not immediately obvious 
how this is realised . Crystalline materials which have been exposed to very-high pressures and 
elasticalIy compressed to approximately 5 of their volume, appear to return to exactly their 
original volume. In some cases, of course, they undergo a phase transition, and if the activation 
energy for a reverse transformation is suflicient, thc high-pressure form may be recovered under 
ambient conditions and persist metastably. Glasses are formed from those very materials which 
do have very high activation energies for reconstructive changes between different structural 
arrangements. Hence, it is possible to imagine that the clastic compression itself may somehow 
be frozen-in. Alternatively, one could imagine tha t a continuous structural change in response to 
the pressure- temperature environment takes place and these new structures may be quenched 
to ambient conditions. The nature of the latter structural change and its dependence upon 
temperature and pressure should provide very important data in the evaluation of theories on 
the structure of glassy materials. The results or Bridgman & Simon showing a threshold efTect at 
100 kb for silica glass might at first tend to indicate a sudden major structural change in the short 
range order phase. However, preliminary work along similar lines showed not only that there 
was no threshold effect at 100 kb, since the efTect of pressure could be recorded continuously 
from 20 kb to 175 kb at room temperature, but also that the magnitude of the changes were 
considerably greater than those reported by Bridgman & Simon. A systematic study was, there­
fore, undertaken to describe precisely the influence of pressure and temperature (as independent 
variables) on the refractive index, density, molar refractivity and certain other properties. From 
the structural viewpoint it was considered desirable to explore in greatest detail the simplest 
glasses, but also to include glasses which represented various end member structural types. 

Since glasses are always metastable phases below their liquidus temperature, it is quite 
clear that the structural arrangement which is proposed during the densifieation process must 
have a finite limit which must be reached before this phase crystallises to the stable crystaIline 
form under the environments superimposed lIpon it. Hence, it is quite natural that we should 
proceed from an examination of the densification to an examination of the crystallisation of 
simple glasses under pressure. Here again, simple compositions are desirable, but in view of the 
extensive work on the crystaIlisation of the lithium alumina silicates and the technological im­
portance of the same, considerable effort has been expended on studies of compositions corres­
ponding to the minerals eucryptite and spodumene . 
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