
optical microscopy on samples
subjected to double stage heat
treatment. Analysis indicates a
polymorphous crystallisation of
metastable aluminous enstatite.
Crystallisation of aluminous
enstatite at ambient pressure
follows the trend between the
maximum nucleation rate and
reduced glass transition
temperature reported for volume
nucleating silicate glasses. 

Crystal growth kinetics of
crystalline NC

2
S

3
centres internally

nucleated in glasses close to the
(NC

2
S

3
) composition having

additions of NaF, H
2
O and ZrO

2

were considered by C J R
González Oliver, M F Moreno, H E
Nassini of Centro Atómico
Bariloche, Argentina and P F
James of University of Sheffield in
terms of existing theories. 

The changes in growth
corresponded closely to the
changes in the measured glass
viscosities that suggest similar
activation free energies for growth
and viscous flow. For the glasses
with three, six and 18 mol% NaF,
the 2D surface nucleation model
applied reasonably well and
suggested a change in interfacial
crystal/glass energy with
temperature. No specific
characteristic of the
high temperature
behaviour of the high
form trigonal phase of
crystalline (NC

2
S

3
)

could be found (from
thermal expansion, high
temperature x-ray
diffraction and differential
scanning calorimetry). 

The International Congress on
Glass included several sessions on
the creation of glass ceramics and
crystallisation from glasses. The
peer-reviewed papers have been
collected and published in the
special proceedings volumes of
the Society’s journals. 

Selected papers from Volume
43C of Physics and Chemistry of
Glasses include:

G Carl, T Höche of Otto-
Schott-Institut, Jena, Germany and
B Voigt of VITRON, Jena, Germany
discussed crystallisation behaviour
of an MgO-Al

2
O

3
-SiO

2
-TiO

2
-ZrO

2

glass. The glass was heat-treated
using a single stage or a two-stage
heat treatment. Dependent on the
heat treatment process used, glass
ceramics with different crystal
phases were obtained. Glass
ceramics containing mainly low
quartz solid solution crystals
possess a significantly higher

bending strength
than glass ceramics
containing high
quartz solid solution.

Nucleation
kinetics of
aluminous enstatite
in pyrope glass
(3MgO.Al

2
O

3
.3SiO

2
)

has been
investigated by J
Deubener of
Technische
Universität Berlin.
Nucleation rates are
determined in the
temperature range
770°C -790°C from
the number densities
of crystallites using

GLASS CERAMICS AND
CRYSTALLISATION

NO. 2 2003

SOCIETY OF GLASS TECHNOLOGY  PAGE 1

President: 
Prof Adrian Wright.

Honorary
Secretary: 
Brian McMillan.

Honorary
Treasurer: 
Mr R T Montgomery,
CA, FSGT.

SGT
NEWS
SGT
NEWS

Compiled and
published by
dmg world
media (uk)
ltd on behalf
of the Society
of Glass
Technology 

IN PRINT
The Physics and Chemistry of Glasses and Glass
Technology special proceedings volumes are now
complete. The refereed papers have been passed for
publication and the volumes are now available for
distribution. The Glass Technology volume is avail-
able for £80.00 to non-members and £40.00 to
members. The Physics and Chemistry of Glasses
volume is available for £100.00 to non-members
and £50.00 to members. 

Groups of papers can also be ordered from the
SGT website, members can pay for sets of four
papers for £10.00, non-members pay £10.00 for
three papers. Once payment is cleared, the papers
will be sent by email as Adobe Acrobat files to the
customer. The contents pages can be viewed on the
website: www.sgt.org Contact david@sgt.org for
further information. 

CRYSTALLISATION 2003
Further discussion of crystallisation
from the glassy state will take place
at the Seventh International
Symposium on Crystallisation in
Glasses and Liquids is to be held in
Sheffield on 6-9 July 2003. 

Topics covered will include, but
are not limited to theoretical and
experimental studies of mechanisms
of nucleation and crystal growth in
glasses or liquids, amorphous phase
separation in glasses, glass-ceramic
formation; role of nucleating agents,
microstructure/property relation-
ships in glass-ceramics, thermal,
mechanical, electrical, optical,
chemical properties of glass-ceram-
ics, applications of glass-ceramics,
including medical and dental appli-
cations. Contact sara@sgt.org for
further information.
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However, it was observed that
below 650°C the crystals were
polyhedral in shape and that for
higher temperatures they were
spherical. These changes may be
related to changes in interfacial
energy with temperature.

J W P Schmelzer of Universität
Rostock, R Müller and
Bundesanstalt für
Materialforschung und - prüfung,
J Möller of Technische Universität
Dresden and I S Gutzow of the
Bulgarian Academy of Sciences,
have developed a theory of
nucleation in viscoelastic bodies. 

The theory generally is
applicable if phase formation
processes are accompanied both
by stress evolution and relaxation.
As a particularly important
application, crystallisation
processes in glass forming melts in
the vicinity of the temperature of
vitrification, Tg, are analysed here
as an example. The theoretical
approach developed shows that
the degree of inhibition of
crystallisation by elastic stresses
depends on the ratio of two
characteristic time scales, the time
lag or time of non-steady state
nucleation versus the time of
molecular relaxation of the
system. A general method is
outlined allowing the
determination of this functional
dependence. This method is
applied then to two particularly
important cases of viscous
relaxation described by Maxwell
and Kohlrausch’s laws,
respectively. 

Further on, a proper definition
of the work of critical cluster
formation for nucleation in
viscoelastic media is advanced.
Most importantly it allows an
adequate description of
nucleation in the intermediate
range, for temperatures in the
vicinity of Tg, giving the bridge
between the mentioned limiting
cases. In this way an adequate
description of the influence of
viscoelastic properties of the
matrix on the nucleation stage in
crystallisation of glass forming
melts has been developed for the
first time.

Nanometre sized silver (Ag)
colloids were
formed in the
bottom face of a
soda-lime-silica
float glass by heat
treatment in air
with sputtered Ag
film. The
presence of those

colloids in the glass gave rise to
yellow coloration. 

A significant change in diffused
Ag concentration was observed
near a hump position in tin profile.
The hump is commonly observed
in tin profile of commercial soda-
lime-silica float glasses. 

The effects of the glass
network structure and the
reduction of Ag+ ions on Ag
depth profile were investigated by
secondary ion mass spectrometry
(SIMS), transmission electron
microscopy (TEM) and optical
spectra measurements. It was
found that the glass network
structure beyond the hump was
more rigid than that of the
surface layer of the depth less
than the hump. 

It was also found that the
significant suppression of Ag
diffusion was observed only in the
region shallower than the hump,
suggesting that the suppression
should be induced because of
reduction for Ag+ ions by Sn2+

ions. Based on these analyses
S Takeda, K Yamamoto &
K Matsumoto of Asahi Glass, Japan
discussed the origin of the
significant suppression of Ag
diffusion just around the hump.

When silver ion exchanged
phosphate glass ceramics
containing crystalline Nasicon type
MTi

2
(PO

4
)

3
and beta-Ca

2
(PO

4
)

2

phases were heat treated at
~900°C for 1h, they were found to
show easy machinability, as
confirmed by a drilling test using a
conventional carbide tool.
Generation of the machinability
was suggested by T Kasuga, K
Takatori, S Sawada and M Nogami
of Nagoya Institute of Technology,
Japan, to be attributed to the
interlocking microstructure of
cleavable beta-Ca

2
P

2
O

7
crystals

that were newly formed by the
post crystallisation heat treatment.
Since silver ions were in existence
in the conduction site in the
Nasicon type crystal even after the
heat treatment, the machinable
glass ceramics showed excellent
bacteriostatic activities.

The purpose of these studies
by M Laczka, K Cholewa-Kowalska
of University of Mining and

Metallurgy, Cracow and K
Niedzielski of Medical University,
Lódz, Poland was to confirm in
vivo biocompatibility of two gel
derived materials from the CaO-
SiO

2
-P

2
O

5
system with different

chemical composition designated
as S2, high silica glass, and A2,
high lime material. Biomaterials
were obtained in the form of
granules of 0.1-0.8 mm
dimension. After heating to the
relative temperatures, the A2
material contains glassy phase and
hydroxyapatite as crystalline
phase; S2 material was
amorphous. The S2 and A2
granules obtained were tested
with respect to the ability of
apatite like layer forming on the
surface of these materials in vitro
(immersion in SBF simulated body

fluid). SEM and EDXA methods
were used for the identification of
layers forming, also pH of SBF and
Ca concentration in SBF after
contact with the tested materials
were measured. The granules of
S2 and A2 materials were
implanted to the rats bone
defects, heterograft was used as a
control. After various periods of
time implantation the rats were
killed and the bones were
examined using SEM, EDXA, FTIR,
XRD methods. Histopathological
tests of the reconstruction of the
bone defects filled with S2
material and heterograft have also
been carried out. From our
experiments it follows that the
material A2 in the form of
granules behaves like resorbable
material both in vitro and in vivo
conditions while the granules of
S2 show high bioactivity and
biocompatibility. The process of
bone reconstruction stimulated
by S2 granules is faster and
greater in comparison with
heterograft stimulation.

Society of Glass
Technology, 
3rd Floor,
Don Valley House,
Savile Street East,
Sheffield S4 7UQ. 
Tel 0114 263 4455. 
Fax 0114 263 4411.

Cross sectional
TEM image
showing Ag
colloids formed
in the glass heat
treated at 650°C.

SEM image of
the surface of
the gel
derived
bioglass
ceramic

granules of S2 material after
14 days contact with SBF.
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Krakow, is an investigation of the
influence of the local museum
climate conditions on the destruction
of 18th century glass. A glass sample
was obtained from the National
Museum in Krakow but because of
the very limited amount of samples
(sometimes impossible to obtain)
this local corrosion phenomenon
was analysed by use of the glass
sensor method. This method has
been found to be very useful giving
unlimited material for testing. Sensor
glasses were made on the laboratory
scale, at University of Mining and
Metallurgy in Krakow (Poland), with
the same composition as the 18th
century glass. Samples were
artificially corroded in different
media, for different periods of time
and temperature. They were also
exposed in some museum
environments where the historical
glasses were and in the climate
chamber. Corrosion occurred in all
media that can simulate those
existing museum conditions.

S Groß, U Dahlmann and R
Conradt of the Institute of Mineral
Engineering and Department of Glass
and Ceramic Composites in Aachen
performed long-term corrosion
experiments on chip samples of two
multicomponent oxide glasses of the
CaO-MgO-Al

2
O

3
-SiO

2
system in

aqueous solutions containing organic
components. Dissolution rates are
determined as a function of glass
composition, pH value and organic
additive (lactic, oxalic, succinic, malic,
tartaric and citric acid). The
investigated glasses are a typical
mineral glassfibre and a
CaO.MgO.2SiO

2
(diopside) glass. The

corrosion medium consists of a
physiological sodium chloride
solution and the organic substances,
added in a
concentration of
1 mmol/l. The
obtained
dissolution
rates are
compared to
the

and low concentrations of cobalt, in
early crystal glass manufacture.

A Chabas and R A Lefèvre of Paris
University looked at the weathering
mechanism of soda-lime-silica float
glass exposed in a polluted
environment of the city. The
weathering process implies both
leaching by rainwater (where gaseous
pollutants can be dissolved) and
soiling. To follow the different steps
of this weathering, a field experiment
was performed in the centre of Paris.
Samples of durable soda-lime-silica
glass (float glass) were exposed
according to two conditions,
sheltered and unsheltered from the
rain. Samples were weighed before
and after exposure and analysed by
TOF-SIMS and ASEM. The results
obtained show that leaching is of
quite moderate extent. Soiling is the
prevailing mechanism whatever the
conditions of exposure. This soiling is
caused by a progressive accumulation
of calcium sulphate crystals on the
sheltered glass and of ‘fresh’ and
‘aged’ microsoots on the unsheltered
glass. Sulphates come from the
evaporation of fog droplets and
condensation water and microsoots
from anthropogenic emissions.

Historical glasses exposed in
museum showcases or stored in
cupboards have created many
unsolved problems due to the
corrosion process on their surfaces.
The subject of the paper by E
Greiner-Wronowa and L Stoch of
University of Mining and Metallurgy,
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DURABILITY AND CORROSION OF GLASS
The ICG 2001 Glass Technology
proceedings volume features a
substantial section on durability and
corrosion from several different
reference points: the manufacturer,
conservator, waste immobiliser and
engineer. All of the contributions
help understand how to make glass
that lasts, glass that keeps its
contents securely and how to
preserve ancient glass.

Over 50 years ago fluorescence
(or more generally luminescence)
analysis was forecast to have a great
future in all branches of glass analysis.
So far this potential is unfulfilled
except in the specialist area of lasers.
Colin Brain has worked over the last
decade to realise a practical
luminescence system to facilitate
scientific analysis of post medieval
vessel glass. This system is required,
since existing techniques in use on
earlier and later glasses are not well
suited for the problems posed by post
medieval artefacts. A prototype system
was featured in his paper and work to
develop, evaluate and calibrate this is
discussed. Example results are shown
for stem fragments excavated on
English, Irish and Jamaican
seventeenth century sites. Already this
pioneering work has given unique
insights into how early lead glass was
made. These appear to correlate with
a published 17th century text and so
cast new light on how lead glass was
‘invented’. The system has also
provided new information on the use
of decolourants, such as manganese
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TURNER MEMORIAL LECTURE
Nobel Prize winner Sir Harry Kroto will present this year’s Turner Memorial
Lecture. ‘TV is dead - long live the web’ will be presented at 6.15pm on
Wednesday 7 May 2003.

Kroto studied as an undergraduate and postgraduate at the University of
Sheffield. After postdoctoral work at the National Research Council (Ottawa,
Canada) and Bell Telephone Laboratories, USA he began his academic career at
Sussex University (Brighton) in 1967. He became a professor in 1985 and a Royal
Society research professor in 1991. In 1996 he was knighted for his contribu-
tions to chemistry and later that year, together with Robert Curl and Richard
Smalley (of Rice University, Houston, Texas), received the Nobel Prize for
Chemistry for the discovery of C60 Buckminsterfullerene, a new form of carbon. 

The lecture will be preceded by a reception at the Turner Glass Museum at
5.30pm in the Department of Engineering Materials. The timing and likely high
numbers of members attending will provide an ideal opportunity for the Society
Annual General Meeting to be held beforehand. Continued �
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thermodynamically modelled values
for the hydrolytical stability. The
authors found good agreement with
regard to the pH dependence of the
dissolution rate as well as for the
ranking of the chemical durability
with respect to the organic
components in the aqueous solution.

A composition study was made by
Guorong Chen, Yongjuan Du, Shan
Wang of East China University of
Science and Technology and A E
Marino, L L Gregg, S R Arrasmith and
S D Jacobs of University of Rochester
to find a more durable, easily
fabricated phosphate glass with a
suitable glass transition temperature
allowing for moulded optics. Glass
samples were characterised for T

g
,

hardness H
V

and chemical durability.
The composition of interest includes
a small amount of tin oxide that was
found to increase the chemical
durability while keeping the T

g
at an

acceptable level.
The corrosion of glass fibres in

acid solution is well known and is
thought to be responsible for many
instances of failure in glass reinforced
plastic materials. However, the
chemical mechanism and rates of
corrosion are still not fully
understood. For example, not only
the acidic strength of the corroding
medium affects the rate, but also in
many cases the anion associated with
the acid plays a major role. R L Jones
of Curtin University of Technology,
Australia found that aqueous oxalic
acid, a relatively weak organic acid, is
particularly severe and causes almost
total loss of strength in glass fibres
after exposure for only a few days. On
the other hand nitric acid, which is a
much stronger mineral acid, takes
about three weeks to cause the same
strength loss. Perchloric acid, an even
stronger acid, is much less effective
and, at a concentration of 5 molar,
causes only 10% strength loss in
about four weeks, although more
dilute solutions (2 molar) cause about
50% strength loss over the same
period. Neutral phosphate solutions
can also cause strength loss and here
the mechanism of corrosion is not so
straightforward. Electron micrographs
show the corrosion in acidic solutions
is caused by cracks appearing on the
surface of the fibres, following
patterns presumably related to the
residual tensile stresses on the fibre
surface, whereas corrosion in neutral
solutions appears as pitting. Strength
retention and leaching of cations are
compared in an attempt to explain
the mechanism of corrosion.

During the corrosion process, as
the ion exchange between the surface
of the glass and the water progresses,

the chemical structure of the surface
changes and different structural layers
are formed. These layers are
characterised by various analytical
techniques such as EPMA, XRD, FT-IR,
TG-DTA and ICP-OES. Three
carbonate mineral species namely
calcite (CaCO

3
), shortite

(Na
2
Ca

2
(CO

3
)

3
) and nyerereite

(Na
2
Ca(CO

3
)

2
) have been identified at

the outermost deposition layer by A
Özcan, B Arman, S Demirli and M K
Orhon of Sisecam Glass Research
Centre, Turkey. Critical parameters
that affect the formation of the alkali
depleted and silica enriched gel layer
are investigated using some special
test methods. Methylene blue solution
reacts with the silanol groups of gel
layer leaving a blue tint behind, the
intensity of which varies with the
extent of corrosion as the amount of
silanol groups outcropped due to the
increase of the porous structure area.
A colour scale is developed to
determine the level of corrosion and
the results are correlated with the
results of other known chemical
analysis methods. The effect of
annealing conditions on the chemical
resistance of the surfaces and the role
of the shape of the bottles on the
water condensation at humid
atmosphere are studied. The results of
acid treatment and re-annealing of the
corroded surfaces are described.

T Wang, R J Hand and P F James
of the Centre for Glass Research,
University of Sheffield and C R Scales
of BNFL have identified glasses with
high zirconia contents as being of
potential interest for the vitrification
of certain nuclear wastes. Silicate
glasses that could be used to
incorporate high levels of zirconia
have been investigated. ZrO

2
-M

2
O-

SiO
2

(M=Li, Na or K), ZrO
2
-Li

2
O-CaO-

SiO
2
, ZrO

2
-Li

2
O-Na

2
O-SiO

2
and ZrO

2
-

Li
2
O-Na

2
O-CaO-SiO

2
compositions

have been melted with zirconia
contents up to 30wt%. The
maximum amount of zirconia that
was incorporated into a
homogeneous glass was 23. 5 wt%
(12. 2 mol%) with a soda-lithia-
zirconia-silica glass. With the other
compositional series the maximum
amount that was incorporated into a
homogeneous glass was between
20wt% and 22wt%. The durability of
selected glasses was found to be as
good as, or better than, by up to a
factor 10, a currently used nuclear
waste glass.

The Glass Technology special
proceedings volume is now
complete. The refereed papers have
been passed for publication and the
volumes are now available for
distribution. There are 80 papers
accepted for publication in the
volume, totalling 394 pages. The
volume is available for £80.00, and
£40.00 to members. Groups of
papers can also be ordered from the
SGT web site, members can pay for
sets of four papers for £10.00, and
non-members pay £10.00 for three
papers. Once payment is cleared, the
papers will be sent by email as
Adobe Acrobat files to the customer.

The contents pages can be
viewed on the website. For further
information, contact
david@sgt.org or visit the Society
website: www.sgt.org
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ELECTRONIC JOURNALS
The refereed papers from Glass Technology and Physics and Chemistry of
Glasses are now available via the internet on the SGT website. This new feature
is available to Society members and non-member subscribers to the journals.

The Society is working with Ingenta, the leading host of professional and
academic publishers on the web, to provide this service. The issues viewable
online will be from the 1998 volumes onwards. The 2002 volumes onwards will
have links from their references to other online publications and reciprocal
links will be built up from other electronic journals to provide better services
for authors and researchers alike.

Since its launch in May 1998, Ingenta has grown to become a leading Web
infomediary empowering the exchange of academic and professional content
online. With the acquisition of another major provider, Catchword, Ingenta sup-
plies access to in excess of 5400 full-text online publications, 26000+ publica-
tions. The company serves a growing global audience of academic and
professional publishers, 10,000+ academic, research and corporate libraries
and institutions, incorporating 25 million users worldwide. It records around 3
million monthly user sessions.

Members with more than three years service will have full access to the
available issues. More recent members will have graduated rights to view the
volumes: two years for a new member, an additional two for those renewing for
the second year and full rights for subsequent renewals. Contact www.sgt.org or
www.Ingenta.com


