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Analyses of Density Phenomena of Glass by a Reaction Model
Density Change of Glass due to Heating (Part 3)
By Toru KISHII )
(Lamp and Tube Manufacturing Department, Tokyo Shibaura Electric Co.)

Density changes of glasses in and near their annealing ranges were studied by many
investigators. Kanai and Satoh proposed a theory which analyzed change of density with
time by introducing the concept of network temperature and the reaction model, but,
hereafter, some particular phenomena were observed which could not be explained by
their theory and further extension has been needed.

In this paper, this extension is done and it is shown that the density phenomena
studied by Daragan or Ritland, or particular ones observed by Suetoshi and Hara,
Tsurumi, or by the author, can be analyzed rather quantitatively by introducing some
energy levels which can be occupied by glass structures, transitions of states between
them and changes of transition probabilities with temperature, and by making suitable

assumptions for them.

It is also speculated that secular changes of ice point or thermal after-effects of
glass thermometers can be explained with similar concepts and mathematical treatments.
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Fig. 1 a) Schematic (2-dimensional) representa-
tion of network structure of silicate glass.
constructed from SiO,-tetrahedra and Na-
jons. Na-ions can migrate between inter-
stitial spaces of the network.

b) Two SiO,-tetrahedra linking togather
with a common bridging oxygen. Si-ions,
not shown in the figure, are at the centres.
of the tetrahedra.
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Configurational coodinate

Configurational coordinate
Fig. 2 Equipotential curves of a potential surface
on configurational coordinates with some
minimums and saddlebacked passes be-
tween them,

Potential energy

Configurational coordinate
Fig. 3 A simplified representation of a potential
surface such as shown in fig. 2
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Potential energy

Configurational coordinate
Potential curves composed of some pairs
of levels with similar potential energies
and high transition probabilities between
them.
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Fig. 5 Examples of a) a model, b) changes of
transition probabilities with temperature
and ¢) that of equilibrium concentrations
#n, each under considerably simplified
assumptions.
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Fig. 6 Changes of densities with time of chilled
(r>T) and fine annealed (+<T) samples
of a borosilicate crown glass at a) 520°C,
b) 526°C and c¢) 533°C. (after Ritland, and
curves were calculated by the author)
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B n; BRUEORE ¢ BT 5 ERERNRS O
ﬂfibéﬂ,ﬁixaﬁﬁ%iSVmiT&%&?
NERUT Sver opTHbEh5. Ritland”,
Daragan®, KF3 L OEY, BRY RbTICEEY O
HEEy - OPHAPBHTTCWAEBL bR, Li &
L) 3R U BRI Th o C, LiaL) i 2EBOMH
RITERICET BB LT A v F VNS W DIt
Eeh Ik &, o BB YT AMERFEO
BEHPKES L, BAY, bHWE BB oRER
goopERIc O EEL BN,

H5 2DBELLE BT 5 R L LT, REOE
R TN NCHTIC D &35 DR o LB EX
Bt CHABOBBOBIASETHD. S8R
CE—ELLE LCRWREBREENT 7 2 ORERI
I HF—SETh B & O FER, micro-phase ALY
ARG 0% b o LRBEICR D 7o, [RERE
e ABERTHIN, CHIIROPEREL L
Fls. AERIFERTH T, # I AEHOHRN
FoBiRE A BRI IR T & feb OVERHE B 1223, micro
-phase OB, FEHERY F i B} BEFHEE
ROBEHIELFCZNEOFIROFERICL - T, &
ORETHEINTAITHSD .-
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AMIcoWTHH R LAPSELTTI o HEX
HBEFR LD LTIRRAIAYN S AHR2OHHiC
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