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REFRACTORIES 
IN GLASSMAKING 

From fire clay to fusion Gist, the 
importance of refractories in the 
development of glassmaking cannot 
be denied. 19th centull' glassmakers 
were proud to achieve furnace 
campaigns of six to eight months 
from their pots , whereas today 
anything less than 12 years for a 
tank furnace would be a great 
disappointment. Developments in 
refractories technology have made 
the difference and John Hartley, an 
independent consultant, described 
to a joint meeting of the SGT's 
North West Section, the North West 
Ceramic Group of the Institute of 
Materials and the Institute of 

Rdi .. actory Engineers how the 
benefits accrue. 

John Hardey spent 30 years with 
Pilkington, and during the last 20 
years , he worked on refractories for 
float furnaces. Float furnaces are the 
largest used for glass melting and 
today there are ten major hlmilies of 
refractories, each with between 2 and 
12 di.fferent grades to choose from . 
Materials can now be tailored to meet 
the requi.rement for differenl areas 
within the furnace. However, this has 
not always been the case . 

Until near the end of the 19th 
Century, a glassworks had a single 
coal-fired furnace , and the glass was 

UK-IRELAND SOL-GEL GROUP MEETING 
FoUowing the successful UK-Ireland Sol-Gel Group meeting held at Imperial 
College, London in April 1998 , the next meeting has been scheduled at 
Loughborough University (Institute of Polymer Technology and Materials 
Engi.neering) on 14 and 15 June 1999, with Dr Simon Hodgson as the host. 

Following the format of the previous meetings , a poster session and infor
mal reception on the evening of the 14 June will be followed by a full day of 
talks and a further poster session on the 15 June. As at previous meetiJlgs, the 
intention is to provide an opportunity for sharing ideas, and generally building 
and strengthening the sol-gel community by familiarisation with each other 
and work, and perhaps identifying fruitful areas for possible formal or infor
mal collaboration. 

Talks and posters might comprise descriptions of tbe activities of research 
groups or workers, presentations of prelim.inary resuits and/or new work, or 
provide an opportunity for postgraduate students to present their worle 

The Society of Glass Technology has kindly agreed to help witb the organ.i
sation of the meeting and by hosting the event within the Institute of IJolymcr 
Technology and Materials Engineering it is expected to keep the registration 
fee to around £25 including lunch and tIle reception. It is hoped that this will, 
encourage the maximum possible attendance by both academics and research 
students at the event. 

Further l"fm'l/tatlon call be oblalned from fill Costel/o, Society of Glass 
Tec/mology, DOli Valley House, Savi/e Street Enst, Sbeffield S4 7UQ, UK Tel 
+44 (0)114 2634455. Fax +44 (0)114 2634411. Emailjill@glnss.demoll.co.lIk 

melted in fireday pots . The clay used 
was sourced locally and its quality 
varied , as did the amount of organic 
matter it contained. The only options 
with tlreclay were related to its purity 
and the use of a filler , such as grog or 
sand, to control its shrinkage. Fireclay 
is made up from aluminosilicates , 
alkalis and iron impurities. Early 
fireday consisted of 18%-25% AI 20 j , 

55%-75% Si02, 1 %-4% iron 
compounds, and 1%-10% alkali. A 
modern fireday has a more consistent 
composilion or 38%-42% AlZ03' 50%-
55% Si02, 2%-3% iron compotll1ds, 
and 0.5%-1.0% alkali. 

Developments in porcelain 
material crossed over into silica brick 
production. This led to crushed 
quartz rock being mixed with lime 
and heated to produce a durable 
brick, just in time to meet the 
Siemens furnace designs. Chance 
Brothers was onc of the first glass 
companies (0 introduce the Siemens 
regenerative furnace in the UK. The 
first major fault identiJ1cd related to 
the lIreclay crown. Alkali in the clay 
would form drips in the crown which 
would drop into the pots below. The 
loss of the alkali led to shrinkage, 
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less prevalent. Morc work was also 
carried out to ensure better quality 
days for brickmaking and grog was 
suggested to improve strength and 
reduce shrinkage. Even today, 
aggregates are added to the day to 
improve its mechanical properties. 

The introduction of tank furnace 
designs in the 1870s saw explosive 
growth in the number of furnaces 
being built with silica and fireclay 
bricks being used in the functional 
areas . Brick blocks, made of fireclay 
and sandsLOne, were layered to build 
up the tank. The sandstone slowly 
dissolved into the molten glass 
without affecting glass quality. 
Furnace life was 8 to 12 months. 

The next big jump in furnace lire 
was through the introduction of 
fusion cast alumina , AZS (alumina
zirconia-silica) and silimanile. A 
patent on fusion casting refractory 
materials was taken out by Corhart in 
1925 but its use was not adopted 
until after the second world war. 
Furnace life more than doubled from 
18 months to between three and five 
years. Although []le materia l was 
more expensive, the advantages were 
compelling: operating tempenltures 
increased and bigger pulls could be 
made on the furnace . 

The fusion casting process melts 
the refractory materials at between 
1800°C and 2500°C using carbon 
arcs . The melt is poured out of the 
crucible imo moulds which are then 
le ft to cool for 5-10 days. The moulds 
are made from resin bonded sand for 
temperatures of up ro ]800°C and 
graphite for higher temperatures. On 
cooling, a high volume of shrinkage 
takes place and cavities from within 
the monolithic structure would be a 
source of failure as the refractory 
wears over time. 

Surface wear and drilling at joins 
I11calll that tank designs from the end 
of the] 960s moved away from the 
use of sidehlodc courses to tall 
soldier blocks. Tilt casting was used 
[0 control the location of the cavities , 
if this was known, then the block 
could he oriented so the cavity was in 
low wear areas such as the bottom of 
[]le lank wall. Modern fusion casting 
produces blocks by tilt and end 
casting, or an oversized mould is 
used to make totally solid blocks and 
the porous section is cut off. 
Ultrasound is used to check the 
quality, the presence of cavities and 
their size. 

The development of tank wall 
refractories led to a steady increase in 
melting temperatures which meant 
that the silica in the crown 
superstructure was under pressure. 
AZS was substinued for silica in the 

crown, but zirconia globules breaking 
away from the surface were found in 
the glass which caused quality 
problems. The glassy phase within 
the AZS held the remaining phases 
together, but the conditions in the 
furnace caused the glassy phase to 
run out of the block leaving a flaky 
surface. Controlled oxidation of the 
fusion casting process helped to 
reduce this exudation problem. 

Once again , the melting part of 
the furnace improved greatly but this 
highlighted the problems with 
regenerators which were lasting only 
12-]8 months before they needed to 
be rebuilt. Regeneracors made from 
tireclay bricks were collapsing and 
blocking up due to the thermal 
cycling and corrosive atmosphere. 
Magnesite and chrollle-magnesite 
checkers were developed to cope 
with the demanding regions within 
the regenerator. As soon as materials 
improved , however, the furnace 
operator pushed up temperatures so 
lifetimes were still the same. Brick 
movement or shrinkage occurred 
during reversal, so locking systems of 
either cruciforrns , chimneys or 
checkers were developed. 
Regenerator refractories have now 

caught up with other structural 
refractories and can last for a full 12 
year campaign. The onus for 
durability is back on glass contact 
refractories. 

Furnace design in recent years has 
seen the introduction of oxy-fuel 
tiring which dispenses of the need for 
a regeneraLOr, which reduces cost. 
However, soda concentration in the 
atmosphere has brought the crown 
under increased pressure of attack. 
This leads to dripping, melting and 
rat holing. To combat this , fusion cast 
AZS crowns have been developed 
which can withstand the regime, but 
they add to the cost. 

Refractories for glass furnaces 
have developed to meet the demands 
of the industry, adding to the life of 
the furnace , and they will continue to 
so lve the many problems and the 
pressure that (hey are under. • 

THE 1999 OLDFIELD AWARD 
The council of the Society of Glass Technolob'Y wisbes to eocourage the study 
of glasses and glass related materials in UK centres of higher education. It is 
therefore offering three awards , to the value of £500, £350 and £150, for 
research projects carried out by third or fourth year undergraduate students, 
including sandwich snldents , as part of their degree requirements. The subject 
of the projects can be any experimental or theoretical investigation related to 
amorphous solids , glasses, glass-ceramics, sol-gel materials or ormocers, glass 
history and archaeology or glass commerce and design. This can include fUIl

damental science, applied science, techooJob'Y and engineering. 
The institution at which the student is registered shou ld: 

• In the first instance send a list of titles of their glass related projects with 
100 word abstracts by Friday 30 April. 
• Secondly, encourage students to have their projects considered for the 
awards and subsequently nominate no more than two candidates from 
amongst these students for an award. 
• Thirdly, submit a copy of the project report from the selected student to 
the Society by Friday 16 July. The report should be that which is submitted to 
the institution for credit and should he accompanied by documentation 

(a) indicating the fraction of the year's credit the project represents in their 
course 

(b) giving the instructions normally issued to students. 
• fourthly, appoint a contact, preferably the project supervisor, who will be 
responsible for sending the report and documentation and who can give infor
mation on the amount of direction given to the snldent and the amount of 
original work included. 

The administration of tbe Oldfield Award will be by tbe Basic Science and 
Technology committee. Judging of the reports will take place during 
September by a panel of academics and industrialists, lIsing referees from tbe 
appropriate fields where necessary. Tbe final arbiter of the awards will be the 
board of fellows of tbe Society. The awards will be made during the Society of 
Glass Technology'S council meeting in October. TIle award winners will receive 
free membership of the Society for one year. 

F"rtber informatio" regarding Ibe scbeme can be oblaillecl from .Miss.! 
Costel/o, Society of (;Iass Tec/.molog)', DOli Val/eJ' House, 5auile Street East, 
Sbeifield S4 7UQ, UK Tel +44 (0)114 263 4455, Fa,\· +44 (0)1142634411. E
mail: jill@glass.demoll.co.uk 
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SGT NEWS 
SEMINAR ON GLASS VIA SOL·GEL ROUTE 
A seminar was held at 
Marchants Chamber of 
Commerce on 2 December, 
1998 1'.0 discuss the formatio n 
of glass via the sol-gel ro ure. 
Dr D Ganguli , a scienlisl at the 
Central Glass and Ceramic 
Hesearch Institute, deliveft~d 

rhe lecture which was 
attended by ahout 100 
participants from inuustlY and 
research insti tULions and by 
students and teachers fro m 
the Ceramic College and 
Science College, Calcutta . Mr Sushil 
.J hunjhul1wala, past chairman of the 
Indian Section of the Sociery o f Glass 
Technology and managing uirec ror of 
La Opala Glass and Induslries, was in 
the chair. 

The chai rman welco med dlt: 
panidpams and announced rhe Paul 
Award . This is one of three awards, 
inaugurated b}' the SGT, with the 
help of the Simpson fund , aimed at 
promoting glass science and 
technology all over the world . Awards 
will be offered in the UK and the 
Society's Indian and North Ame rican 
secrions . In India the Paul Award has 
been divided into three levels to 
encourage project work at BTech, 
MTech and PhD leve l. The moualities 
fo r the award would be d ecided in a 
meeting o f the advisOl1' board, and 
the age limit, the target date for 
s llbmis~ion of proposals and other 
p rocedures wi ll be finalised. A 
separate brochure is lO be prepared 
and ci rculated to all colleges , 
unive rsities and technical and 
research institutes. Mr Jhunjhunwala 
GIBed upon teachers and students [Q 

take advantage of the award anel 
improve the standard of glass 
research in India. The chairman then 
intr<)uuced the speake r and invited 
him ro deliver his talk. A brief 
sllmmal1' of the talk is given hen: . 

THE SOL-GEL ROUTE TO 
GLASSES 
Dr Ganguli traced the hist011' of the 
development of sol-ge l glass and 
enumera ted the advantages Ihat th is 
me thod offers tor the prepara tio n of 

glasses requiring a very high 
temperature. He then concentrateel 
on the preparation of pure sil ica glass 
by the sol-gel route . 

Several sol-gel methods have been 
developed internati onally for the 
synthesis of pure , optica ll y clear silica 
glass , which is one of the most 
important factors for rcasons of 
tcmpcralllre ami melt viscosity. The 
major techniques differ depending on 
the use of slart ing material. Starting 
material s Cllll be silicon alkoxidcs; 
fum ed silica; combinations of alkoxides 
:lnd fumed silica; or alkali sil icues. 

In all cases, these starting materials 
are first converted to sols, which arc 
dispersions of colloid-sized precursor 
panicles in aqueolls, organic or aqueo
organiC liquids. Conversion of til e so l 
to the fi nal products foll ows the 
general p;lIIern of 

Sol -+ Wet ge l -+ 

cas ting, 
ageing, 
d rying 

Dried gel -+ Glass 
atmosphe re 
controlled 
heating 

When silicon alkoxide is used as 
the starting material, the process 
involves the fo rmation of a 
polymeri sed species in the sol by 
hydro lys is-condensation. 

Si(OH)., + 11,0 4 Si (OR),o ~1 + HO H 
Si(OR),oH + Si(OR), 4 

. ( IlO) , Si-O·Si (OR), + ROH 
Si(OR) .,oH + (OH)Si(OR), 4 

(RO),Si-O-Si(OH), + Hp 

The progress of these reactio ns 
leads to the fo rmation of a gel wh ich is 
then colwerted to a glass. When fumed 

silica is used as the starting 
material, it produces a 
co lloidal sol which is 
transformable to a gel through 
a network formatio n. In the 
case of the mi.-xed system, the 
two ge lation process take place 
together. The process lI sing 
alkali silica tes ilwolves the 
formation of polymerised 
~ilicic acid and removal of the 
alkali ions to form a silica gel 
ready fo r densifica tion. 

In alllhe cases, the sol is 
cast at a low viscosity and allowed to 
gel under controlled conditions. The 
gel is dried carehilly so as to expel 
volati1cs without cracking, and heated 
under different atm ospheres 
(vacuum, oxygen , nit rogen, 
chlorine/nuorine 'II1(J helium) (0 

obtain a clear glass. 
Under most favourable conditio ns 

(gel quality, tempera ture and heating 
atmo!"iphere) , a number of step!; 
characterise the conversion of a dry 
gel to a glass by (h~rmal densification : 
• Expulsion o f res idual vola tiles . 
• Eliminatio n of wate r formed 
through O H-OI-I reaction. 
• Elimination of po res (note that 
complete removal of microporcs can 
be diffi cul t). 
• Major reduction of surface area. 
• rormatio n, reorientation and 
eliminatio n of some of the structural 
element!; (for example elimination of 
Si-Ol-I and fo nmuio n o fSi=O-Si 
linkage). 

The product which is obtained is 
in a stable, glass-like structure with 
the required properties. There can be 
many ta ilored intennecliate products 
between the high surface area gels to 
the demified glasses. These porous 
bUl rigid and stable intermed iates are 
suitable fo r impregnation with d yes 
and o ther mo lecules (including living 
organi!"illls) , as well as 
cation salt !"iolutio ns 
for introduction 
of metal ions 
which can also 
be converted to 
nano particles of 

CONTINUED ,. 
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I.OCAl. SECTION 
CONTACTS 
For details of 
for/beaming local 
section evenls in yOllr 
area, contact tbe 
followillg. 
All ."'·GT members alld 
non-members welcollle. 

I.Ol/don 
- !Hr P IVes/ Vllfled 
Glass Ltd, Porters 
Wood, SIll/bailS, 
Hats AL3 6NY. 
Te10172 7 59261. 

I"/ idlal/{Is 
- Mr C Baidwill, Steill 
IItki/lsol1 S/ordJ' Ltd, 
Midland HOllse, 
Ol/lIsdale Road, 
\\"IomlJ011l"ne, 
Near IVulverbamptoJl 
\V1I5 BBY 
Tel 01902 3240()O. 

North J:i:lst 
- MrJ Henderson, 
44 \\"Ioodside Ave, 
Tbrockley, Newcastle 
upon 1j'l1e NE15 !JBt". 
Tel OI91 264 4775. 

North \\"lest 
- /}r /} Martlew, 
Pi/kingtoll Technology 
Centre, Hall L{II/e, 
Latbom, OJ"lllskirk, 
!.lIIICS. Tel 01695 54210. 

Seollish 
- Mr D A Re/mie, 
Vn iled Glass Ltd, 
(,"ass!Jollse !.oal1, 

Alloa FK20 IPD. 
Tel 0 /259218822. 

Yorkshire 
- Miss R M Sales, 
20 Ulackbrook Drive, 
Sheffield 5/041.5-
'fel 011423061 79. 

NORTH AMERlCA 
- Dr A G Clare, Sehoul 
of Cemmic Engilleerillg 
alld Sciellces, New }'()rk 
State College of 
Cemlllics at Alfred 
UlliversilJ', 2 Pine Street, 
Alfred, M' 4802-1296, 
USA Tel607871 2392. 

INDIA 
- I)r.l Mukelji, Cellfml 
Class and Ceramic 
Research IlIstill/fe, PO 
.Iad{lf/!J l lr (JniversiZJ', 
Calculla 777 032, 
IlIdia . Te1473 3496. 
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metals deposited o n the availab le 
pore su rface. 

Following some of these 
procedures and taking suitable 
precaurions against, for example , 
cntcking of gel bodies and presence 
of excess hydroxyl , V'tlrious special 
glasses have been prepared . 
Examples indude Ti02-Si02 glasses 
with ultra low thermal expansion and 
Nd-AJ co-doped silica glasses with 
lacing properties. 

The lecture was followed by a 
lively discussion in which the 
snldenrs rook an active role. 

The meeting ended with a tea 
hosted by the Hindusthan Glass and 
Industries Ltd and a vOle of thanks 
proposed by 0 P Chakraborty, 
scientist at CGC RI , Calcutta. 

SOL-GEL 97 
PROCEEDINGS 
The proceedings of the Ninth 
International Workshop on Glasses 
and Ceramics from Gels , Sol-Gcl97, 
organised by the Society of Glass 
Techm)!ogy and held at the University 

of Sheffield, has been published by 
the Journal of Sol-Gel Science and 
Technology. Professor Peter James , Dr 
Angela Seddon and Dr Russell Hand 
from the Centre for Glass Research at 
the Universily o f Sheffield were the 
guest editors for the special volume. 
K1uwer Academic Publishers has 
provided the Society with copies of 
the proceedings for distribmion to 
the delegates as well as a small 
number of extra copies for sale to 
members. The journal has published 
186 papers from the meeting, all of 
which have been extensively 
reviewed. The volume has 1092 pages 
including thematic, author and 
subject indexes. 

The Sol-Gel Workshop is the 
premier forum for discussion of the 
latest developments in the rapidly 
growing multi-disciplinary field of sol
gel science and technology, which 
now includes rhe exciting new areas 
of organiC-inorganic hybrid materials 
and nanocomposiles . Around 300 
delegates from 36 different countries 
attended the meeting and 
sponsorship for the event came from 

Dow Coming, Pilkingtoll Technology 
Centre, The Ravcnhcad Company, 
Zortech International , European 
Commiss ion DG XlI , United States 
Army, Navy and Air Force Research 
Offices, Sheffield City Council, 
University of Shdfield and the Society 
of Glass Technology. 

Sol-Gel 99 will be held in 
Yokohama, Japan, from 19- 24 
September, in Yokohama, Japan. 
Professor Masayuki Yamane of the 
Tokyo Institute of Technology is the 
conference chair. Further de tails can 
be obtained at the website 
h up ://www.glass.ceram.titech.ac.jp/sol
gel99/. Copies of the Sol·GeI 97 
proceedings can be obta ined from the 
Society by members only for £60 
including postage. NI orders should be 
sent to Sara Lindley at the Society . • 

BASIC OPTICAL STRESS MEASUREMENT IN GLASS 
byH WAlcKellzie &RJ Hand 

During the manufacture of all glass 
products, both remponuy and 
res idual stresses develop. Such 
stresses arise as a consequence of 
the manufacturing processes and 
for proper process cont rol to be 
exercised it is necessary to be able 
to quanti f)' these stresses. 

The optical method of 
experimental stress analysis , 
known as photoelasticity, has been 
used very effectively in the 
evaluat ion of the stresses occurring 
in structures of varying complexity, 
together with thelr components, 
when subjected to speCified 
loading condiLions. As rhe 
photoelastic technique requires 
materials that al'e both transparent 
and birefringent, and many gl;lsses 
exhibit these properties, this 
method of analysis can be used to 
determine rhe stresses in glass 
products. 

There are many reports dealing 
with photoelastic analysis and its 
app lications, but they are not 
aimed specifically at the assessment 
of residual stresses in glasses. This 
publication oilers a practical guide 
providing information on the 
various optical arrangements and 
interpretation of results from 

typical plant apparatus. It is of general 
intereslto those making stress 
measurements within the glass 
indusll)'. It includes a survey of the 
methods available and an outline of 
the application of these techniques to 
dIe various measurements which have 
to be made as a matter of course 
during productio n. In addition , the 
relevant theo ll' is discussed in a non
mathematical manner to proVide 
readers with the background 
knowledge of how these techniques 
work , as well as an appreciation of the 
limitations of the methods when 
applied to glass 
products. 

Use rs of 
photoelasljc 
techniques in the 

l.iglu SllUR'" 

drawings and 21 colour pictures. It 
is published by the Society of Glass 
Technoloh'Y, 1999, ISIlN 0·900682· 
27·2. It is priced at .1.27.50 (£17.50 
to Society of Glass Technology 
members). Surface postage and 
packaging included (a ir mail extra, 
please comact for quote). 

Society of Glass Technology, 
Don Valley House, Savile Street 
East, Sheffield S4 7UQ, UK. Tel 
+44(0)114 263 4455. Fax 
+44(0)1142634411 . Email 
books@glass.demon.co.uk. 
Website http://www.sgt.org 
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glass industry, both 
in day-to-day quality 
assurance and in 
more specia li st fault
finding applications, 
will find the 
information in this 
book relevant to their 
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needs and that it 
provides an improved 
understanding of the 
measurements being 
made. 

The book has 96 
pages, 51 line 
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