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ABSTRACT

An intermittent two-chanber glass tank furnace wth
a common flame apace has been designed and constructed for
si mul taneous experinental dual nelting of both flint and
col oured gl ass, fusing under the sane atnospheric conditions.
This was precipitated by the deternmination to give a new
outlook with a view to solving sonme deficiencies identified,
acknow edged and generally experienced with the conventiona
si ngl e-conpartment construction of periodic tank furnaces
enpl oyed for studio glass nelting in general, and that used
in dass Technology Section of Industrial Design Department in

particul ar.

The constructional materials used were exclusively

inported standard refractory materials obtained from three
N gerian glass industries, and netal materials, locally

obt ai ned.

In the three separate experinental test nelting of
pairs of glasses carried out, npbst associated short-com ngs
of the single-chanber construction were overcone. For
exanple, it becane possible to nelt both coloured and flint
gl ass sinultaneously - an inpossible and uncomon operation
with tank furnaces, both continuous and periodic; provision

of more working space for sinmultaneous studio glass practice

Xi



with acconpanying increased productivity; and reduction in
fuel consunption. The reduced height of the two-chanber
unit and its longitudinal node of firing ensured that the
heat generated was brought closer to the glass nelts and
sufficient space provided for flanme propagation. The
strategic location of the port nade it multi-purpose; it
served as an inlet for fuel and combustion air, a view hole
for both chanbers, and acted as an avenue for sanple taking
of nmolten glass without materially tenpering with the doors
during firing operations. Cl osed packing of the furnace
refractory bricks and judicious application of externa
backi ng insulation guaranteed uniformty of tenperature
distribution in both chanbers; 1300°C remai ned the maxi mum
tenperature attained in all the three firing operations.
Regul ati on of atnospheric conditions of the furnace space

was aided by an adjustable "key-brick" of the chimey. The

furnace was found economical in terns of fuel consunption and

construction materials.

The preventive neasures adopted to curtail some
probl ens encountered in the first melting test vyielded
positive result —higher quality products were produced in

the second and third nelting tests.



The conpositions of the glasses nelted were of the

soda-linme-silica famly for the first two nelting tests, and

tabl euare lead crystal for the third one.

The efficient two-chanber intermttent tank furnace has

been recomrended as suitable for simultaneous nelting of both
coloured and flint glass, two coloured glasses and fl ashed

gl ass under studio condition.
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DEFINITION OF SOME RELEVANT TERMS

ANNEAL ING: A process of heat treatment meted to glase for

gtress relaxation.

ANNEALING LEHR: A furnace or an oven in which gless 1o
subjected ta heat treatment for the relief of
stresses resulting from differentiel expansion

or contraction as the glass is heated or cooled

respectively.

BALLAST: Incombustible elements of fuel, usuelly moisture
and ash.

BLOATING: Permanent expanaiuon accampanled by the formatlan

of a viscular texture, which occurs when some

types of clay or refractory bricks are heated.

BULY DENSITY; The ratio of the welght of a material to 1its
total volume, including pores, expressed as
g/ml or 1h/ft3.

CALDRIFIC VALUE (G.V): Heat released by complete combustion
of a unit mass of Puel; expressed as J/kg or
Btu/1b for solid fuels, and HJ/m3 or Btu/?t3 an

volume besis for liguid and gaseous fuels,

CHARGE : The content of a furnace.

CHIMNEY: An exhaust stack through which products of
combustion are removed and dispersed at sufflcient
distance/velocity to keep pollutsnts away from

the nearby environment.

DICHROISM: Variation of colour inteneity with glaas

thickness, being more intense in thicker areas

than in thin portions.

EUTECTIC: A caomposition having the loweat melting polnt

in a geries af twd or more components.
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INSTRUMENTATION: Industrial insteliations for the measurement
' ' gnd control of process variables and thelr
operational mode. Thelir importance is the
measurement and control of physical congitions

for mass production of high-guelity products.

JAMB WALL: A vertical structural member forming the mide
¢+ ) ' of.an opening in a furnace wsll.
KAOLIN: . Also celled "china clay® is a pure form of

hydrated aluminium-sllicate clay,

LEAD CRYSTAL GLASS: A cut glassware uysed for table wares
and characterized by high brilliance, It is
composed of sllicon oxlide, elkall Bnd hlgh

’

- = proportion of lead oxlde.

PLATE GLASS: A gless that is cest or rolled into a sheet and
ground polished.

PORT: _ ' _ An opening in a furpace through which fuel and
air enter or through which exhaust gases escape.
PYROMETRIC CONE EQUIVALENT (PCE): A methad used in
determining the refractoriness in which the test cone
is heated in company of standard cane or cones
which deform at the nearest tempersture ta that

at which the test cone deforms.

RECUPERATOR: A continyous heat exchanger or asccumulator in
- which heat is extracted from products of

combustion for use in preheating incoming

combustion air through metel or refractory wslls,

REFRACTORIES: Materials consistiing of high melting poing uxidea.-

REFRACTORINESS; A term used as an lndex of the heat resulting

properties of refractorles.
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REFRACTORINESS UNDER LUAD (RUL): A measure of the resistance
of a refractory to the combined effects of
heat and loading.

REFRACTORY CEMENT (MORTAR): A binding medlum for refractorles.

REGENERATOR: A cyclic heat exhchanger or accumulator which
alternately extracts heat from combustion
products to be used in pre-heating incoming

combustion air or low C.V. fuel gas.

SO0DA-LIME~SILICA GLASS: The most common commercially produced
and widely used family of glass, composed
chiefly of silicon oxide, sodium oxide and

calcium oxide.

SPECIFIC GRAVITY: The ratio of the weight of a unit volume
of a substance to the weight of unit volume of
water (relative density) mass per unit volume.

TANK FURNACE: A hearth furnace in which the charge is

contalned in a bath upon which the flame plays
directly.

THERMAL SHOCK RESISTANCE: Ability to withstend sudden heating

or cooling without cracking.

TwO-CHAMBER FURNACE: A furnpace consisting of two glass baths

or chambers.

WORKING FUEL: The fuel as supplied into the furnace,
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Chapter 1

INTRODUCTION

11 Historical Development of Glass
and Glmes~Melting Furnaces

In 8 widely used but rather restrictlve way, American
" Society For Testling Materiale (RSTM) in 1945 deflined gl=ss 1in
- which it says “glass is an 1nn£gaﬁié product of fusion that has

gulidified without crystallizinge® According to Rowspn (1980),

this excludes organic glasees such as glycernl, Gless consiste

of oxides of silice, lime, alkali and & host of others,

Today, it stands out ms one of the most common and versatile
- materials mpde by man; 1t comes into play in &ll facets of human
@ndeavoury However, the date, place snd how manwmade glass was

first produced still remaine 1n ohecuritye

Many writers including Debussy (1971) and Hnllnmﬁf.(1;§3).“
haué traced fhe historicel develapment of the art of glaaa: '; -*
manipulation to the Stone AgR Man. They contended that the f;rat
gless to be discovered in history wes a naturally ucﬁﬁrlng dﬁe; |
originsting from the mineral obsidian whose chemicel compasition
1s snelogous to that of sn ordinary window glass, snd formed as
m result of volcanic erruption, Fpam glaessa known a8 pumice mnd
fibrous glass are other forms of glasa that are found in proximity

tu volcanoes, {ﬂcEOrﬁihgﬂtu HOlloway (ibid), thie neturml glass

was utilized by the Btone Age Man to fashion utilitarisn objects



puch aa knives, spesr and arrow heads,
The date of the product of Firat manemade glmea has

remained g disputed issue emong many suthorities, Hollowmy (ibid)

believen archeelogical findinge have revesied that man-made glass
dates back to 5000 BoC; Dickeon (1951):; dates it back to 2500 8,C;
and Debusay (1971) hems traced it further back to 3000 BeC in

Eaatérn Hediteranéan, presumably Mesopotemim or Egypt{

It 1e melnteined that mll glasses pruduéed.nt these early
perioda composed generally of sand, lime and ash deriving from
burnt planta since firewood wes employed as fuel in meltinge
Similarly} it 1a meinteined that all glass articles produced at
the periods in question were sclid objects such ae beade and the
likey It was not until 1500 B,C that events took g different
diﬁenaibn when for the first fimé, bottles employing the “sand
core® technique made appesrsnce, SubBEquaht development mitnea;ad
the pruductinn of bowls and containers of similar shape using the
crude pressing technigque, In ebout the firet century 8,C, the
metal rod that wes used in supporting the "asand core® got .- .~
replpced by a hollow tube, and it wea discovered thet by blowing
down the tuhe, hollow shepe articles could be produced to mark

the beginning of gless blowlng which became an estebllshad art

" used up t1ill the present day in studio glase production
l



Even though there existed previously some sort of glass
blowing practice, the Roman conquest and opccupation of Europe was

responsible for the widespread establishment of glass blowing all

over Europe and Britaine The departure of the Romans left glmss

blowing in a state of decline and was only intermittently revived
with the arrivel of immigrant craftsmen, most especially the

medieval Venetlanse.

Before the seventeenth century, very few bottles were
produced,, However, this period (the seventeenth century) was to
witness very large quantities of bottles including lead crystal
glass being produced in England and the colonles in UWest Indies
and American glassworks had been set up, This assertion is
supported by Philips (1981), when he npineﬁ that the bottles
produced prior to the period in question were exclusively those for
medicines and mineral watersg During the seventeenth century,

however, those for wine and beer were being made, he concludede

Though bottles constituted the major items, the seventeenth
and eighteenth centuries equally witneassed the production of some

window glass, where the cylindrical methods were employed,

Glass production by automate began in the nineteenth
century, starting with a crude method using hinged moulds with

manually operated foet levers, By the end of the same century,



use was made of semi=automatic bottle blowing machines, Going by
Debusay (ibid), the beginning ufltha twentieth century, and
especially 1903 was remarkable for the gless industry in that it
witnessed for the first time, the development of fully automatic
bottle blowing machine invented by Michael Owens in U,5,A and the

development by Lubbers, the mechanical blowing of cylinders for

window glasse He went on by stating that substantlal developments

were made in the next three decades in the manufacture of both

bottles and window glass, These developments had led to the

process which are in use today, he concludeds

With glasemaking firmly established, this period up to World
War II witnessed the development of various glass articles produced
by automates, ranging from tubing, glass flbres, invention of
corning ribbon machine for producing electric bulbs, “"pyrex® glass
for laboratory ware and oven ware, plate glass, fluat_glaau. glasee
ceramics and chemicel toughening of glass, surface coatings of

glass for a variety of purposes.

Synthesising assertions by Holloway (ibid), Philips (1981),
Dickson (ibid) and Scholes (1974), it becomes apparent that the
rapid development the glass industry has undergone in modern times

is brought in pert, by increesing scientific, technological and

engineering knowledge, and partly by the impact of development



taking place 1n other industries, coupled with the efrect of
World War II. Philips (ibid), in elaborating said that the
sciences of chemlstry, physics and engineering have given an
insight into the nature of glass, the made of its formation

and its physical and chemical properties. UWithout stopping, he
detailed "Research and davalupmént in combustion of fuels, heat
transfer, furnace constructlon and new refractory materials have

enabled the glass industry to meke great progress.*

The inability to attain the founding temperatures demanded
by most glasses (1300°C ~ 1600°C) in the past was attributable to

a number of factors such as the use of solid fuels 1n form of
firewood, lack of satisfactory end durable refractory materials for
making the pots inside which the glass was melted, and the absence
of devices for retrieving heat from the furnace outgoing waste
gases fpr preheating purposese Iubtaining higher temperatures in
the glass furnace became possible 1n the seventeenth century when
coal replaced firewood as fuel end the employment of highe=grade
fireclay for the pote in which the glass was melted, However, up
to the middle of the eighteenth century, American glassmaking
furnaces were still run on firewood as fuel, and this practice

was only stopped with the discovery of increasing noneavailablility

of suitable firewood for the purpose, Affirmative of thls, Scholes
(1974) states:



Up to the middle of the eighteenth century
when the English began burning coal, furnacea
for meltlng glass were woodwfired, The huge
quantities of ashes produced farmed the
source of potash for the batche The early
American glass furnaces were wood-flred, but
because of the increasing scarcity of
suiteble wood, end the discovery and
development of better fuels, wood is no

" longer of any lmportance in American glaage
melting. S )

In his further contribution, Philips (ibid), eald thet the
congequance of noreattainment of high melting temperatures 1s that
glasses produced at that time were soft ones containing high alkall
contents He concluded by saying that today e soclution to this
Problem has been found by use of mors versatile oll or gaslfuela
with higher heating.vﬁlud; designing and cuﬁatructing mﬁdefn and
tduraeble furnaces with suitabls refractories, and methods of heat

regenerstlon and recuperation used by moet furnaces,

The generatlion of high melting tempsratures demands thet

the furnace refractoriss must be of high guality 1f it were to
last long end for the production of glasmas free from defacth.

Some basic requirements of e glasemaking furnace are again provided

far by Scholes (ibid) when he maintains;

The glass furnace demands of 1ta
refractories that they shall be able to |
withstand temperatures of 4162000 or &ven .
bigher ln some cases. While the interiors .

- of the walle must be able to endure for o

- long periods temperarures of this sort, the

walls themselves must he pgble to retain, S
without too great loass, the heat of the



furnace, Finally, the furnace walls must
be sble te sustaln the welght of l¢s ouwn
bricks at high temperatures without
appreclsbly settling or sagginge
Therefore, refractories for glassemelting furnaces should
be realstant to high temperstures, and thelr refractoriness under

load (ReUske) should slsa be high. Both these requirements and

others are sstisfied by moet modern iefractury materiala;

Heré, anwaﬁditinn.han ﬁe made that the faﬁid deuelnpment.
undergone by the glass industry in recent times was am a result
of the impect of development taking place in oiher lndustries,
G} agssconsuming induetries like those for beer, wine and soft
drinks, autamuhiiea, electronicay medicine and pharmaceutics, and
many others are responsible for l1ts attaining great heights of
develapmente. This led to the productlon of = veriety of glass ware

during the seventeenth century up=to date,

The effacfa of wﬁrld War II (1939 ~.1955) wers fo.further“
catallize the rapid development of the glasa industry, es it
- brought ebout the manufecture of bulleteproof glasses for milif;ry
.'vehiulea, pressure and birds impmct resistant glaases for fighter

Jets, mirrors end astronomicel lenees for telescope end camerass,

The researcher again finds it naceasary and unrthuhila
cancluding that the sweeping development that haa taken place 1n

the glass—producing sector of the econamy in the world over would

have never occured at all if not because of the estep by step



development steges that have been witnessed in furnace technology,
beginning slnce time immemorialy and the discovery and develaopment

of versatile modern liquid and gaseous fuels,

The svolutionary date of glass-melting furnaces remains
unknown Jjust like the uncertainty that beclouds the date of the
first man-made glass. It 1s however evident that our
ancestors were conversant with the fact that firing clay
containers in the open fire could improve on theilr mechanical
strength and made them water resistant, Egually too, they were
aware that glass could be formed when wood ash and sand were

melted together,

At the onset, glmss-melting was carried out in the open
fire, but subsequent developments were to bring about glass-
melting in an enclosure, marking the development of groundebuilt

solid fuel utilizing kiln for glassemelting; and the fire clay

pans formed the prototype of pots in modern periodic glmsse

melting pot furneces. Thue glass was first melted in ceramic kilns

before the advent of theé glass-melting furnaces, and the pot

furnace is the forerunner of the tank furnace,

Available records show that the ancient Egyptians are known

to have constructed prototype pot furnaces as far back as 1600 B.C,

Traces of old glass-making handicraft discovered at this period



as contained in two separate old documents are sufficient evidence

to make Bulavin et al (1986) to suggest that the anclent

Egyptians made glass by a twoe~stage technique owing to the

prevalent low tempersture of the fire, and that melting was

carried out in clay pans.

The two-stage melting of glass was first carried out in

two separate pots, with a third one for anneeling the glass
articles produced, Under this process, a preliminary melting of
the batch was flret carried out and the urmelted conatituents
removeds Next, the solidified melted product wes crushed to
smaller particles to make 1%t sultable and affordable for melting
at the temperature attalnable at that time using dry firewood as

fuel,

The two sources from which Bulavin et ml derived his

information are the old manuscripts of Theophilus (twentieth

century) and that of Agricula (sixteenth century),

The pots or crucibles that were made before tha middle of
the nineteenth century were smalleeized, However, in mbout the
mid nineteenth century, there arose the need to construct for

economic reasons, especially in Englandy later in France and

Belgium relatively large pots, Gunther (ibid) talked of a aingle
pot bullt by P, Flaam wlth a cepmcity of elght to twelve times

that of an ordinary size pot. From the traditional single pot
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furnaces ceme the multi=pot ones containing as many as 16 pots.
It is on record that a man celled Morlot had constructed s not

very successful ovale=shaped twoecompartment continuous pat furnace,

and a 8imilar one recommended by Imbert in 1859.

In the 1860s, Friedrich Siemens invented a three~compartment
pot that could be employed fnr'cuntinunUl production of all kinds
of glass, including coloured, However, the high cost of
manufacture and the lack of possibilities of repair hindered
similar development on a larger scale. The three compartment were
linked to each other by channels and paaéagea. The individual
chambers were those of melting, rifining and working respectively.

Slemens' idea about such a construction stemmed out from the

pbservation that the specific gravity of molten glass increases

as the melting process proceeds towsrds completione

During the nineteenth cehtury, the following faults were

acknowledged esnd generally experienced;

1o Inefficient utilization of the furnace melting space - heat
transfer for melting 1s by conduction through the pot wall
which retarded the melting process, Cold stirring also

caused part of the heat to be lost.

2 The peripdic reduction of melting temperature of glass to

that of the working temperature also had an adverse effect

on the furnace refractories,
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3 The unavoldable breakage of pots led to coneidermble lgss

of glass, the pot itself end drop in production. Under tha
hest operating conditlons, there was 15 per cent unavoidable

glass loss.

The evolution of the glassemelting tank Purnace emérged
from the tireless contlpuous endesvour to eliminagte these
deficienciea; Gunther (ibid) credited the success af overcoming
‘these problems toc the Gérmanlaiemena brothers who worked .
independently, and sometimes, jolntly. These five brothers were
Friedrich Siemens working in Eﬁgland and later in Germany, Karl in
ﬁusaia, Hans in'Germany, Wilhebn in Englend and Wesner (the real
initiator and adviser of his brothers' warke from tﬁé ;ieell'

industry to the glasa industry),

Particuler reference 1s made to the independent waorks of
Hans and Friedrich for developlng the tank furnace in 1959,
Gunther (ibld) sald such a tank is hbest deacfiﬁe& ﬁ;:“;é;iaﬁicaily
operated® going by present day concepilon., However, from the
source of information at dleposal, it is difficult tu'éég who among

the two brothers credit ahuuld'gu where the develgpment of the tank

in gueation is buncerned.'.

Maved by the succese he recorded with the continuoua pot,
Frigdrich Siemens, while in the glaeaworks at Dreaden, on October

1y 1967, succeeded in converting for the first‘tima. the intermliten
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tank to & continuous one, with the invention of this . L

cnntinunua glaaa—melting tank, ell the afnrementiunad problems

P LR BN

were gvercome. The aignificance of thia double discovery was

that it became passible to melt glaas cantinuously and pote

were dispensed mith altugether. : T R
. rf”il“; Tp ! = I_a. - 1 f t »‘f BN .'. Tyl

The furnace cnnaisted_&f'three main parts, viz the
melting chamber, the refining chamber and the working chamber
(caoled by air to retérdwthg effect of heat and the corrasive

action of molten glass, It had & tranverse flame.

IEAE ATLEREY YD B UERT i '-;!*i'_'-'y':";"‘.'-'
Friedrich even effected improvement on his tank furnace

to make for easy repair and part replacemant. and to ensure
GRS g vorora I r I o
durability of the refractoriea. His success wes to arise

intereat in many furnace- techniclans on a wider dimegnsion and

led to the wide distribution of tank furnaces,

. r
GeT ey ‘ f

1.2 Background of the Study ,

Glasaea pruduca?lin amall quantities are elther melted
in pnt Furnaces.ur per;nélc tank.furnacea. Cunventiunally,
pPeriodic tenk furnacea consist of a aingle chamber, which are

. R R Sy
capable uf melting unlv 8 glass cnmpasitiun at 8 given time,
ﬂvailahlg dncumengary evidences like those of Gunther (ibig),
De Husay (ibid), Scholes (ibid), Dayle (ibid} ang Bulavin et al

(ibid) have consistently associated periodic glass-melting
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tank furnaces such as day tanks as essentislly consisting of
not maore than a single chamber which gives credence to this
assertione These writers including Kirk-Othmer (1966) and
Philips (1981) have identified two-chamber glass tank
furnaces with only continuous tank furnaces employed for
large scale production. Even in such cases, they contended,
the two compartments, namely, "melting end" and “working end"
are employed for melting Just one glass compasition at any
given time, They simply serve aa temperature zones, charged
with differential functions. The "melting end" is assoclated
with melting the glass batch into a mutually homogenequs
malten glass and the elimination of evolving gas bubbles; and
the “"working end® with cooling, preheat conditioning and
absolute disappearance of gas bubbles by dissolution with

falling temperature.

Reference materials by the aforementioned researchers
have gnly pointed to the practice of simultaneous dual melting
of separate glass compasitions fﬁr flint, coloured and
specialized forms of glasses as exclusively carriea out in pot
furnaces. In tank furnaces, this can only be done in seguence

and not simultaneously which requires a change-over time.

1t has been observed with keen interest that in

conasonance with esteblished principle of tank furnace
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canstruction, 3lass Technology Section of Industrial Design
Ogpartment, estabhlished in 1981 has continued to melt glass
in the single-champer peripdic, tenk furhace, constructed a2

far back as 1985.

Like in similar structures the simultaneous dual melting
of both flint and coloured glasses ls cut of question. Fer

the same reason, it ie practically lmpassible for more than

one student to conveniently carry out studio glass prectice

at a time; they have to wait for long in turn for eaﬁh othér.
This limits their perticipation and productivity. Under the
preveliling circumétancea, the sltuation is becoming aggravated,
eapen;ally with the *course credit system" recently introduced
in Abmadu Bello Universlity, wbich encpursges students! mobility,
both within snd outside the depertment, coupled wlith the
reversion of “Glass Technolegy Programme® from B.Sc to B.A,

which lay greater emphasis on pruduction.'

The researcher has also observed thaf the single-
compariment structure contains a number of cracks and that 1t
is gréatly carroded and erroded, an indicatian that 1¢®
lifespan 1s complete. The operational mode of periodic Hgating

and cooling with accompanying periodic expesnsion and contraction

af the refractaries respectively, coupled with apparent glass
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level fluctuations are ell conditions which are favogurable

for furnace fallure,

The underlying factor behind this study therefore is
the desire and quest for simultesneous dual melting of glasses,
both flint and coloured for economy of time and material,
increased students' participation in studlio glass practice
and productivity. It is felt that the two-chamber
constructional design of an intermittent tank furnace will
accomplish these objectives. Also, it is felt that this will
be interesting end beneficial to small-scale producers of
glass. This is highly desirable and fits in well in the
"“National Directorate of Employment"™ programme embarked upan
by the Federal Government of Nigeria which encourages and

funds the establishment of small-scale industries by

individuals for self-employment and self-sufficiency.

1e3 Statement of The Problem

Researchers, furnace designers and techniclans have
always preoccupled themselves wlth designing and constructing
perlodic glass tank furnaces to comprise a single chamber.
Accordingly, no attempt has sp far been made to construct
the two-chamber one whereby both flint and colpured glass

could undergo simultaneous dual melting operation under studio
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condition whenever the need arises. Available literature
or published report in respect of the existence of such a

two-chamber periodic tank furnace are virtually absent.

Invariably, the worn-out day tank furnace employed

for studio glass melting in Glass Technology Section of
industrial Design Department is based on this conventional

single-compartment principle. Conseguently, studio glass

practice has become fuel and time consuming for the increasing

number of students, therepy limiting thelr partlcipation and

productivity.

1.4 Purpose of The Study

The objectives of the study emanating from the research

problem are:

A To examine and determine the limitations associated with

the use of a single-chamber peripdic tank fyrnace used

for melting studio glass in general and that employed

in Glass Technology Section of Industrial Design

Department in particular.’

2. Designing and constructing a replacement two-chamber
intermittent tank furnace for the existing single-

compartment one for optimum service performance and

thermal efficiency.
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b

Se

1.

s

3.
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Determining the extent of differential fuel

cansumption of the twa furnaces im relationshlip to

the quantity of glaes melted.

To find out the feasibility of simultapeous dual

melting of both coloured end flint glass in the

two=Cchamber lntermittent tank furnace.

For assessing the advantages of the two-chamber periodic

glass tank over the single-compartment type,

1.5 Research Questionse

The problem statement raises the following gqueatians:

will it be posslble to melt simultanecusly both flint
end coloured glass in the two-chamber 1ntermittaﬁt tank

furnace?

Wnhat sre the potentiasls of the tuwo-chamber periodic
tank furnace in terms of accommodating students for

studio gless practice.

Will one burner or a set of burners be capahle of

firing the gless batch compositions in the two-chambers
of the tank at once, or do they (the chembers) need to

be fully separated for lndividual melting and temperature

controly
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b.
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8.

10.

1.
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what is the guantity of the glass melted in the two-

chamber intermittent tank furnace?

How is the guality of the glass melted in the

two=chamber intermittent tank furnace?

will the two-chamber structure be economical in terms

of fuel consumption and constructional materials?

wWwill the temperature attained in both chambers be the

same?

Is it going to be possible to have a clear view of the
melting conditions prevailing in the two-chambers of

the furnace?

As a preventive measure against heat loss during

furnace operation, in which way can sample-taking of
molten glass be ensured without necessarily having to

open the doors of the two chambers?

will there be a way of regulating the atmospheric

conditions existing in the furnace space?

What relationship exista between good furnace design
such as close packing uf‘rarrantnry bricks, proper

insulation, increased flame space and the efficliency of

its service performance?
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1s6 Significance of The Study

The immedieste identifiable juatificatinﬁ of the study
when conducted tu syccessful conclusion is that Glase
Technglugy Section of Industrial Oesign Department, Atwmadu
Bello University, Zarle, wlll for the Tirst time, be melting.
its gpless batches in g two-chamber intermittent tank furnace
inatead of the aingle-cumpartméﬁt ane 1in preuiuué use. The
significance of this develapmental at;a#egv ;s threeffplq.
Firat, it will now be feasible to melt Sﬁth cdluﬁfed”aﬁd flint
glass at the same time, an 1mpuss;ble and uncommon operetion
with tank furnaéaa, and af unluerﬁal relevance to the
production of coloured glasses. The usual practice in the
world over 1s that coloured glassea are melted elther
simultaneously or 1n sequence in multi-pnf furﬁaﬁea wiﬁh”each
pat cnntaining_a culqursd glasa. S5econdly, the two-chamber
furhace rather than £h§ singl e-chamber onpe will provide mare
working space and sufficient yuantity of glass for sﬁﬁﬁiu. ' 
glass producition, thus providing the increasing number of o
students wlth sufficient practice and pruﬁuctibn cepacity.
Thirdly, the common-flame space of the two-chamber unit will
minimize fuel cnnaumﬁtiun since one burner could be used tg

fire both chambers simultaneously and more fleme spece will

be made availeble for optimum heat utllilzation.



20

The adpption of the const{ructlonal design far smell-
scale plaes production will be beneficlal to emall-scale glasg

practitioners/industrialists, a step forward in self-

engagement and self-sufficiency in glass production. This

is envisaped as being in line with the federal Government of

Nigerla's programme of National Directorate of Employment.

The absence of available literature in support of the
existence of two-chamber intermittent tank furnace of thisg

nature ppens a new chapter snd marks a twrning polnt in the

history of Fu:nace design snd constructinon.

Accordingly, this will build up on the teaching and
learning process on “"glasa-melting furnaces™ as 3 course unit

in Glass Technolagy Section of Industrial Deslgn Department,

Finally, 1t wlll serve as an information source elsewhere, most
especlally, to enterprising small-scale glass industrialists

end related organizations.

1.7 Delimitations

The scope of the study has been delimited to
axperimentally designing and constructing e replacement
two-chamber periodic tank furnace using imported standard

 refractory materiale obteined from anmé Niperlan Qlaaa
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industries that constitute the only source, The manufacture

of these items is beyond the scope of the study. Similarly,
no waste-heat recovery device has been constructed. Burner

design is excluded from the study.

The study has therefore been delimited to designing
and constructing a twa-chambe; intermittent tank furnace,
carrying out melting tests as a means of evaluating the
success or fallure of the research; its service performance
and advantages are weighed over those of the single

compartment one already in existence.

1.8 Limitatiaons

The limitetions imposed on the study is non-availability
of suitably sized refractory bricks for the furnace
construction, absence of facilities for their local
manufacture, and the practical difficulty involved in size-
reduction of such imported standard manufactured bricks as
they are cast and electromelted. The direct conseguence of
this is that they have to a large extent determine the
dimension of the furnace, and thereby limiting the researcher's

control where same is concerned.

The researcher had to rely on the few glass industries

for obtaining the refractory materials as they could not be



found elsewhere in the couniry, and their specifications
were specially mede to sulit the needs and requireménts.uf
the indlvidugl plants. The resesrcher was therefore
compelled %o resnft to painstaking management of the scarce
resources, The crouwn of the furnace, for example, was

- constructed with enormous dlﬁficqlty. Again, sbsence of

_ prucesélng aﬁﬁ manufaciuring equiﬁmeﬁta like guarrying

- machine, pneumatic pressing device, hlgh-temperature heatling
device under carefully controlled presure, vacuum anq me;l
éﬁuiped.lahnratury__fnr analysing thelrau méteriala
unavoidably prévented the local manufacture of refractory

- brlicks of the desired dimensions. These Factors put together

caused the original dimension of the furnace to be reduced

due to lack of sillca crown bricks to go acrogs the width of

LA ."'\ L

the furnécé;' |

The usa.af ibm—melting gl:aé batch compositions follous
li.the fact that experience has shown that the gaé 5u;né; ﬁséd
in the section ie of low heat input, and therefore cennot
melt hard boroeilicate and eluminesilicate glass batch

compasitions, Use was macde of avaeilable raw materisls in the

section, boih synthetlc and locelly sourced ones.
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Only very limited materials are avallable for

literature.reuiem on glass technology as an area of atudy

in Nigeria.

absence of facilities for testing some of the combustion

varlables poses gresi constraints to the study.

1.9 Basic Assumptlons

In the course of the study, the followlng assumptlons

are made:

Te

2

B

4.

s

That the refractory bricks used meet all expectatlons

demanded aof them.

That no discrepancy exists in the frit, and that the

degree of homogeneity obtained during mixing are the

Bame,

That operstionally, the mel ting conditiona prevailing
in both the furnace atmosphere as well as in the glass

melts of beth chambers are identical.

That the rate of fuel coneumption during ell the melting
operations are 1dentical,'and that the alr/fuel mixture

are stoichiometric 1h each case,

That the regulation of the varigbles were carried out

to the sama level and at the same time interval.



Chapter 2

RELATED LITERATURE REVIEW

Glasses, Eifﬁéf.indua£ri;i.;;.ééﬁéi; are melted in
furngces, sometimes refered to as glass hougses. Thring (1962),
in hia definitlon said fa furnace is an industrial appliﬁnca '
constructed to heat a m;tarial.thruugh a cycle 1nuulu1ﬁg.

temperatures exceeding L00"c,

-

The researcher is of the view thaet this definltlon is rather
restrictive in that it is narrowed down to industrial furnaCEB,
A mare'genéral and flexible definitive approsch 18 presented by

Bulavin g2t al {1986) when they refer to “furnaces a8 thermal -

blanta or inatallatiuna in which the ata;ting materlals or shaped—

finished products sre heated by organized evelution of thermal
energy to obtain materiale or finished products of the specified

propertied.

-

Therefore, the main functlon of a glass furnmce is the
transformation of its charge into a mutually homogenecus melt, and
to carry out all other proceeses associsted with that of melting
such as fining, homogenizing and heat conditioning of the molten

product,

2.1 Typea, Characterization And Application
' Of Glass~Melting Furnaces

e P A

| 'Théré exists ﬁhfiﬁuﬁ mﬁyh'nf furnace classification with a

lot of averlapping in the basis of classification, but two distinct
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types can be ildentified « pot furnaces which are periodic and
tank furnaces which may be periodic or continuous. To this end,

Scholes (1974), states;

Two general types of furnaces are in use.

In one the glass 1s contalned in separate
pots and each furnace may contain a pot or

as many as twenty. In the second type called
the tank furnace, the glass forms a pool in
the hearth of the furnace, across which the
flames play directly upon the raw batch and
the molten material.

This study i1s concerned with the latter type. Among the
various ways of claessifylng modern glassmelting furnacesg
especially that presented by Bulavin et al (ibid), the ones that
bear relevance to this study are those based on the “operating
principle® and "design of furnace space®, a® well as "method of

division of the tank and fleme space,®™ Other ways contained in

their classification include method of heating, direction of gas
motion relative to glass flow and method of heat recovery from

outgoing waste gases,

Accordingly, glassmelting furnaces can be grouped into

"pericdic" and "continuous" types. The perlodic forms comprise
all pot furnaces and some tank Furnabeu, notebly day tanks, while
the continuous ones are axclua;ualy tank furnaces that operate on
a coitinuous basise Obviously, this claessification is based on

their operational mode of heatinge
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On the besis of the “design of furnace space" and

*direction of gas motion®, distingtion cen be made between pot

furnaces and tank furnaces,

. Eased on tha “methud of heating“ dlstinntion can be mede

betueen flane furnaces, electric furnacea and flane—eleutric '

furngces with dual or combined.method of heating,

Where the claessification ie on the “"way of heat recovery
from cutgoing exhaust gases®, division can be made between

fegenerativé and recuperative furnaces.

With due regards bo the “mode of division of the tank and
flame gpace®, glassmaking furnéces may have g comman tank or two
individual tanks, melting and working ends, separeted by either
a worklng boat or throat. However, it 1s important {p bear in
mind that thia diviainn, thnugh of particular importance to this

K

atudy, it is applicable only to cuntinuuus tank furnaces,

2e 101 Peripdic Furnaces

Mhereas in cantinuuus furnacea, melting uperatiunhand glaas
.pruduntiun are carried out nun—stnppage, periudic Furnacaa nparate
intermittently. Periodic furnaces here encompasses pot fu:nacea
and day tank Fufhéﬁes 1ﬁ which all atagéa of glaaé ﬁéifiﬁg.take
place in the esme pot and the tank as the " cmea may bej with
the various stages separated only in time and not space,

o A
R
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Their épplicatiuns are to be found in melting either speciellzed
forms of glesses, coloured élaaaea or lﬁad crystal élaasea,
_pruduced arr g small acalg that does not necessitate the use of
ﬁdntinunus fufnaﬁaa. Da§ tank furnaces are Hhowever used for

melting larger quantities of glass that cannot be contained in

a8 pot furnaces Sinpe production is in emall quantities, glass
working is done manually otherwise known as “offhand® unrking
whera pot furnaces are concerned, and effhand or by yse of semie

sautomatic machines in the case of day taenk furnacess

'Dpeﬁ ﬁuté ére used In gptical glaaé production and fui a
variety of purpdaea where accesa to the entire surface ls
deairﬁble; The principal aim 1in designinglcnuered pots for glaéa
melting la associated with that of protecting the cantent from
contamination of the furnace atmosphere, but at the same time,
mgke them accessible for charging and workinge In thé Sﬁme'ﬁay,
they allow the cooling of glaess to the gethering tempersture
without materielly affecting the other pois in the furnace, In
the early part of the twentieth centurys open pots, the nldea£.' 
forms of glass melting contalners, were emplayed malnly for the
mandfaecture of plate glaas.by.casting pfnceaa, but tﬁday; theylu
have been largely replaced by large tank furnaces for continuous

rolling operatlon.



28

The number of pots that can be contained in a pot furnace
ranges from one to as many as twentye Thls is partly attested to
by Bulavin gt al (ibid) when they state "single~ and two-pot
furnaces are used for making opticel and industrial glass end
multi~-pot ones for making coloured and crystal glass,“ By
inference therefore, single-~ and two=-pot furnaces are made up of
the open=types In pot furnaces, then it is feasible to melt
twenty different glass compositions at a time, with each in a

separate pot - the more reason for thelr being employed in melting

coloured glasees,

The mode of heat transfer in a pot furnace is largely by
conduction through the walls of the pots as the flame produced
never comes into direct contact with the charge, but goes round
the pots, In the charge itselfy, further heat transfer is by

convective flow set up as a result of temperature gradient along
the helght of the pot. In periodic tank furnaces, attalmment of

higher melting temperature is possible than with pot furnaces as
firing takes place directly over the charge, The regenerative
type of periodic tank furnace is conceptually identical to the
opermhearth steel furnace, Thereforey with the flame produced
playing directly over the charge, heat transfer from it to the

charge is by radiation and convective current set up as a result

of temperature variation alnng.thn length of the furnace,
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The major characteristic distinguishing feature between g

pot furnace and a day tank furnace is that in the latter, the

tank refractory forms glass bath, just in the same way as it is

in a continuous tanky and can melt larger guantity of glass than

it 1s possible in the pot furnace., In the pot furnace, the
principal element consists of the furnace space, which may be
rectangular, oval or cirular in shape, The large ones with greater
number of pots from 12 = 16 gre mostly rectangular and oval shapeds
Single-pot furnaces have circular furnace space, which 1is
favourable for obtaining uniformity of temperature, The furnace
space of a pot furnace is made up of the bottomy crown and side

walls with doors for inserting the potsy, charging and offhand

workinge

The periodic tank furnace, typified by the day tank furnace
ig a melting unit described by Scholes (ibid) as consisting of a

rectangular tank with sidewalls not exceeding 60.96cm- in height,

Gunther (ibid) maintained, humeﬁar, that the shape could be
circular, oval or rectangular and employed for melting special and
coloured glasses in relatively small guantities, Bulavin et al
(ibid) further described the furnace space of a perlodic tank
furnace as essentially a bath or tank, laid from durable
refractories, and that the sidewalls and crown of the furnace make

up the furnace space above the tanke Undoubtedly, this too suggests



and confirms the singuler nature of the perlodic tarmk furnace,

Uther infomed sourcee express similgr views, This implies that
only one gless batch compoeition could be melted and worked out

at any point in time.

Thie forms one of the many reesons that has prompted this
study, to come out with & new design capable of dual melting

operation so that both caloured gnd flint glass could be melted |

and worked out simultanecusly,

In dtilizing hegt from putgoing waate pases, regenermtive

pot furnmces ppeduminata recuperetive singlespot furnaces,

Séhnlaé (ibid) méintained that the simpler and aﬁallef giaééﬁéking
pat furnaces are direct flred, Qithuut provislon for preheating
alr or fuel ges. Regenerative pat furnaces operate with lower
flame far low=-melting glasses and uppar.flame for hard glasses,

At the end of the melting period, the glass is subjected to
bubbling or wechanical agltation for attalnment of humugeneity{
and then cooled to the working tamperatura.. Conatant tempéfafﬁrﬁ

is malntained during working periad,

Glaas pot furnaces operate on high celeriflic gas or liquid
fuele The hearth of the furnsce is laid from fireclay or Bacor
plates to form burner porta; the crown and the walls are laid

from ellica bricks apd blocks, In overcoming the problem of higher
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wear of pots ss a result of glgss~level and temperature

flugtuations, platinum has been used as pot refractory,

Bulavin gt al (ibid) asserted that melting time in periodic
tank furnaces constitutes 24 « 48 hours; in pot furnaces it is
16 « 24 hourse Like pot furnaces, periodic tank furnaces run on
gasepus or liquid fuels, and combustion air is preheated in

regeneratords

The desirable features of periodic tank furnaces are more
efficient utilizetion of the furnace apace and the obviation of

troublesome care of pots. The size of the periodic tank furnace

varies wlth the required furnace productivity « unit yield of

molten glass in kg/mz.

"Periodic tenk furnaces may have tranversely directed

fleme or U-shaped flame", stated = Bulavin et al (ibid),

2.1.2 Continuaus Glass Melting Tank Fyrnaces

All glasses produced on an industrial scale asre melted in
continuoug tank furnaces which vaery in size, shape and construction
according to the method of heating, the type of glass to be produced
and the mode of production as well as the furnace productivity,

Writers like Gunther (1958), De Bussy (1971), Scholea (1974),

Doyle (1979), Bulavin et al (1986) malntained that such tank
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furnaces are being employed for the manufacture of a varlety of
glaeses such es sheet glass, container glass, tubing, fibre gless

and a host of othere gn a continugus basis,

Gunther (ibid) emperically stressed.that the diffafence lies
m;inly in the menner of separating ':-tha melting end from the
worklng end, the slze and shape of the warking end, and the method
of heating employed, Evidently, the continuous glass tank furnace
ié.adapted to mechanicel production which allows large guentlties
of glasa.tu be delivered at a constant rate, To Effeutively_ f
.anﬁuﬁpliaﬁ this, Qlaasnlevel is malntained constant, which mesns
that the rate uf frit charginé must proportion or equal that
:at wﬁich multén glaéé is being worked out or withdrewn. It is

for thls reason thet the glass~level controller is synchronized

with the batch cherger,

Where contipnupus tank furnaces sre concerned all stages of
glass melting occur simultanepusly in different  sections of the
furnaces This is unlike in periodic tank furnaces where they take
place in the same Furnace space but with time differencé; stated
Doyle (ibid) and Bulavin gt al (ibld). Hest tranefer from flame
to charge is largely by radiation, and convective nuf;entslaef ﬁp
aa.a result of local temperature varistion elong the length of #ha
melting bath, which is aided by escapling gases to ensure a nan-f |

_heterogereous glass melt.
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Stressing from the view point of waste heat retrlevsl,
Kirk=0thmer (1966) found that "glassemeliing furnaces and tanks
~are usually provided with regenerators for heat recovery from
flue gas before it is passed to the stacke" While all of them
use either liguid or gaseous fuels, there are as well those that

e

are direct-heated, .
In continuoug tank furnaces, the direction of gas motion

relative:ta'fhe fluﬁ of glass mév be tranaﬁerse, longitudinel or

U-shaped.

Large regenerative furpaces with melting area in excess of
5[]1112 have as a rule transverse flame which ease temperature unntrul.
Preference is given to the U.sheped direction af gas motion in the
case of those with melting area up SUmz, In the recuperative
fufhééea; the direction of ges motion may be U-shaped, longitudinal

or a comblnation of the ftwa, - BT -:}af;-ﬁﬂ-f’*

1

The Bridge~ilall Tank With Throat: Gunther (ibid) describes this

. type of a glass furnace as coneisting of a rectangular bath divided

inta two separate tanks of unéqual slzes by a double wall bﬁilt
at right angles to the furnace lengih, covered by a common GrOwne

Scholes (ibid) edds that the bridgeewall is usually doubled, with

... @n air space inbetween for air cooling and corrosion retardation.

The larger bath with its crouwn is the melting end and the smaller

one with its crown is the working end, A comblnatlon of the wells
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and the cross blocka is what is refered to as the “bridge, The

bridge wall functions to separate the hotter glmss of the "meiting

Chamber® from the cooler and more homogeneous Qlaaa uf.thé
*wgrking chamber", and to prevent partially melted batch and

dnrefined glass from the latter,

A narrouw, enclosed rectanguler channel, constructed of
refractory blocks, exiting through the bridge wall, and which may
be submerged, non-submerged, elevated or inclined, links the two

chambera,

The unheated hature of the tnrnat; coupled with its location
at or cloee to the tank bofttom, produces a distinctly coolling
effect on the glass temperature am it passes onto the working end.

This is gchieved by immersion ln the deeper zone and by redunipg to
zero the cnnuedtiue flow of thé glass. To ubtaiﬁ the Bémé cﬁuiing
effect in the ebsence of both bridge wall and throat, it is

necessary that the length of tank be ilncreased considerably,

It is worth noting thet the temperature in the working tank
is kept much lower than that in the melting tanke Affirmative
pf this, Scholes (ibid) states “The temperature of the working

chamber is nomally about 300°C lower than that of the melting

chamber."™ For easier and proper control of thermal conditions in
both chembera in the sbemence of dividing wall, the two tanks mre

fully separated and provided with individual heatlng and ges removals
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A more recent trend lends itself to reducing the size of
the working tank to a lerge extent in favour of the.meltihg tank
or replacing it u;th channels that link the melting tarmk with
glass worklng devices, Bulavin et sl (ibid), in highlightiﬁg the
overriding aim behind this development asserted “decreasing the
size of the working tank makes it pussible to incresse the melting
tank and thus increase the furnace productivity and lmprove the

quality of the molten glass.™

In terms of application, the bridge~wall tank with throat
remalns the most common form of tenk employed for the manufacture
of s dlversity of glese ware such as elctron-tube glass, perfumery,
medicael glass and hollow ware in general, moet especially flint,
amber and green centalners, service glesses (table marellbuttlea,

apperatua gless and a hast of others.

In g construction faorm with a partition described as *shadow
wall®", the tanke share the eame Furnasce space above glese surface

end covered by a coomon erown to form one constructional unit,

Tha working chamber for holloware tanka of this nature are

for most of the time circular, but sometimes rectangular,

For plate glass (raolled glase) which equelly employed the

same tank, the warkling chember 18 rectangular,
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Gunther (ibid) faﬁnd the Germans caﬁfiuué.in ﬁheir uaé af
the  -terms “compartment® and "chamber" as they relate to @mnk
furnacess. In Britain and America, thé two seem to be used
interbhangeéblﬁ. Gunther (ibid). -confirms that in Eefﬁany, "the
. term 'chamber' refers o the bath; and that “the designation
'cumhartmenf'.rélatea to the suﬁeretructufe above glaes hathe
Thus in that country, the term ®singlewcompartment™ refers to -
tanks with a common furnace space abpve hoth melting and working
chambers, and the term *single~chamber® describes tanks with no

rigld separetion between the ends (briﬁge or other division),

Accurdiﬁglv, a "twgecompartment® tank fefera to a.furnaca
in which the tanks are fully separated From each other including
the furnace space, They ere linked only by a narrow channel
correaponding to the thruat of the single compartment and lies
almost at the level of the tank bottom, The desirable features
ﬁfnfhea; tﬁﬁ&s ia-fsﬁt.they ?:&'permiﬁ ééhéfafé:témﬁefature control
and gffer greater freedom of cholce of shape and form of working

chamber,

However, Gunther (1hid).puinted out that their construction

cost 1s greater than that of a singlewcompartment type, owing to

the aaparate Firing upérﬁtiun of the unrking'dhambaf; The direct
consequence of this, he went.further, is that this form of

canstruction is no longer favoureds ”f:,_
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If this is so, then one wonders why the two=compartment
construction form is mdopted for all the four hollow ware
producing Nigerian glass industries, namely CMB Toyo Glass
Nigeria Ltd - Lagos, West African Glass Industry (WAGI) Ltd -

Port Harcourt, Delta Glass =~ Ughelll and Ballarpur Glass Industry

Nigeria Ltd = Kgduna (now closed down)es The fifth one, Uluwa

Glass Industry - Igbokoda produces sheet gless by Fourcault

method, and therefore exempted from this classification, The
Abba Internationel Gless Industry to prodice different types of
glasses is yet to go into production, The choice of the twoe-
compar tment construction must have been guided by other

considerations, probably simplicity of construction and operatlone

All sald and done, the successful performance pgf the Hartford
Empire Co, Unit Melter, though a two=compartment furnace makes it

compete with small regenerative tanks in terms of efficlency,

The Potette Tank: This is a special form of singlescompartment

continuous tank employed for hand productions, It has no dividing

wall, and working end is completely absents However, each

individual working-hole is separated frum the  rest of the glass

tank by a fireclay element, the potette, Gunther (ibld) describes
the function of the potette which 1s deeply immersed in glass as
synonymous to that of a throate The importance of this tank

has wane away with the upward uaﬁlina in hand productiong
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especially that the potettes are less durable and less

efficient than a bridge with throat. (Gee Appendix A, figure

2.1)e

Hottle Tank With Ring Floaters: This tank is German in origin,

used in the manufacture of green bottle-ware, The rapid
increased viscosity with tank depth of green glass makes such
tanks to be constructed with no internal barrier as required

by colourless glass tanks as convectlon currents are slight.

As far as the open type of bottle glass tank is concerned, the

working chamber is usually seml-circular in shape with ring

floaters in the working chamber (5ee Appendix A, figure 2.2).

Bridge Tanks And Constricted Tanks: These constitute the

earlier forms for all sorts of hollow-ware (they were used

before the advent of the thrpat). 1In such tanks, elther floaters
or constrictions were used as a means of partitioning the melting
chamber from the working chamber, Oepending on glass viscosity,
floaters have an immersion depth of 30.48cm - 71,12cm; due to
high viscosity of some green glasses, the immersion depth was

reduced to 30.4Bcm. QOwing to their relative ineffectiveness and

difficulty of construction, fhEy have given way to the throat
tank furnate. Gunther (ibid) however maintained that such tanks

8till find occasional application in continental Europe,

Partitioning by constriction consiasts of narrowing the

sidewalls of the tank between the melting and the working chambers
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to form a narrow passage. The glass surface in the constricted
portion of the furnace is frequently divided off by a floating
fireclay blocke It was formerly used for colourless glass melting
and the design constitute the forerunner of the present day

throat, Gunther (1958)., For both tanks, see figures 2.3 and 2.4

Continuous Sheet Gless Tank Furnaeces: These differ significantly

from bottle tanksy both in size and design. They are employed

for various methods of sheet glass production =~ vertical drawing,

horizontal drawing or rolling operatione In sharp contrast to
bottle tanks, they comprise a single chamber without bridge wall.
This is clarified by Scholes (1974) when he opines that radiation
from the combustion chamber is cut down from reaching the flowing
or drawing chembers by Jjack arches which are a solid wall
spanning across a constricted wldth of the tank, However, a
slightly conflicting view 1is éxpreaaed by Bulavin et al (1966)
when they maintain that sheet glass is melted in both tankg

(with or without bridge-walls), but that precedence is given to
those without bridge-walls in present-day practice. A suspended
wall, hung frgm above the crown serves the same purpose as the

Jjack archesae

Sheet glass is expected to be superior in quality to bottle
glasa — freedom from bubbles and other forms of inhomogeneities

like stones, striae and cords. In this connection, sheet glass
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tanks constitute the largest - they are constructed longer and
deeper., Further effort in realizing this objective manifests
itself in the use of floaters, made of refractory clay and
slotted to float on the glass, Their prime responsibility is
that of preventing unmelted and partially melted batch
constituents, scum, poorly melted and unrefined glass from
drifting along the tank towards the mirror glass of the working
ende

In the open types of the tank, heat conditioning can only
be effected by radiation from the glass to the unfired working
end, which under these operating conditions, it is termed
"standing-off end." GSince internal barriers are virtually absent,
intensive convective currents are freely and easily set up in such
tanks, Gunther (ibid), while stressing the adverse effect of
convective currents as retarding the cooling of glass, he quickly
pointed out that highegquality glasses like sheet glass necessarily
demand strong glass circulation for the elimination of

inhomogeneities. The elongated nature of the drawing channels in
sheet glass tanks ensures that glass is cooled to the drawing

temperature,

Waste heat recovery from sheet glass tank furnaces is

carried out in regenerator and utilized in preheating incoming
combuation air and low ce.ve gaseous fuels (producer gas and

coke~oven)a
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Crose-firing remains the standard practice in operating
sheet glass tank furnaces, though many small and medium-sized
continuous tanks are end-fired. The horse-shoe-shape or U-shaped

flame path produced by these furpaces ensures complete

combustion, which becomes more difficult with transverse flame
of the cross-fired tank. In any case, the longltudinal
distribution of temperature is relatively more difficult to

control with the end-fired tanks.

It is more economical in terms of construction cost tp
build an end-fired tank than a cross-fired regenerative tank

of comparable size and its thermal efficiency is better.

The ldea of constructing a partition between the melting
and the refining zone was introduced by Siemensg, but abandoned
owing to lack of sultable refractory materlals at that time in

point, For a variety of sheet glass tanks (see Appendix 8).

The Hartford Unit Melter (Direct-Fired): This is a particularly
elongated narrow well-engineered, direct-fired tank. The ratio
of width to length ranges from 1:4 to 1:6 (0.3048m x 1.2192m ta
0.3048m x 1.8286m). Unit melters are equiped with a device for
mixing warm air drawn from below tank with cold air from the
surrounding atmosphere in definite ratios for maintenance of
constent temperature of combustion air. For the diagram of the

Unit Melter (see Appendix C).
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There is excellent temperature distribution elong the
length of the furnace, provided for by numerous smell burners
arranged along the longitudinal sides of the turnace, Maximum
heat 13 given up to cold batch as in cascede melting as the flame
and hot weste gases flow back to be exhgust through a atack';

located over the dog=-houae, It is slmple and uniform to operate,

and its construction cpet remains small, Furthermore, the changew-

ovef to ® newlgrade nf.glass is made more rapld than in deep tanks,

iﬁ-hacumaa appﬁréﬁt fram.the foregolng that wlth pot
furnacéa, 1% is possible to melt aa.mang aB tmenty different glass
compositions at a given time, with each composition conteined in
a separate pot, For this reason, they are used in melting coloured

glessas simultanecusly or in sequence, Though continuous tank
furnaﬁea'mﬁy cﬁnaiat of two separate numhartments, auﬁh are used
for meltlng a glass composition et any time, and m chengew-aver

time becomes necessary for a new grade of glase to be produced.
Perladic tank furnaces comprigse generally a eingle chamber.mﬁich:
makes meltlng more than one glass comppsition at a time p:actically

impossible,



Chapter 3

ME THODOLOGY

3.1 Sources of Magterlals Sampled

The constructional materials required for the

experiment research can be basically grouped into two —

refractory materiasls and metal materials.

It was observed that the few Nigerian glass industries
constituted the only source for obtaining the refractory items.
Hence, the sampling of the materlials was a purposive one. For
the metal materials, these were obtained from Sabon Garil

market Zarla, and also, scraps picked from around its environs,

To get the refractory items therefore, it became
imperative that the researcher undertook a number of trips

to some of the glass industries. The three glass industries

mapped out and visited include:

-- CMB Toyo Glass, Lagos.
-~ West African Glass Industry (WAGI) Ltd., Port Harcourt.

-~ Ballarpur Glass Industry Ltd,, Kaduna (now closed down).

From these, the following categories of refractory
materials were obtained:
-~ Standard refractory bricks for the furnace proper.

-~ Standard insulating bricks of different types.
-- Refractory cement (mortar),

~-=- Composite fibre gless wool.
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In carrying out the trips, Ballarpur Glass Industry was

visited first due to its proximity to Zariaj followed by CMB

Toyo Glass; and lastly, WAGI,

301¢1 Sampled Materials From Ballarpur

After g number of trips, only 28 insulating bricks were

given. However, their chemical composition was not given. This

might have not been unconnected with industrial secret policy.

36 12  Sampled Materials From CMB Toyo

It was here that the bulk of the retragtory materials were

provided which include the following:

(" 20 5GT 75=70 x 350W arch silica bricks with the chemical

conposition 9% 5102. O«7% Al and O. 7% FEZD

203 3"

employed for the furnace crown,
2e 20 8S0R 75-70 x 300w arch silica bricks with the chemical

compasition 96,.b% 5102, Oe 5% ﬂ1203 and 1% FEZDB'

These were

These could

not be used for the crown pf the furnace due to their shorter

lﬂngtho

%o 60 A2x = 10 70 x 2305 (Zircon bricks) with the chemical

composition 13% SiDE, 50 Al 03, 35k 2r0,, 0.5% Fe, 0, and

2 23

0. 15% Tiﬂz. Despite thelr outstanding properties, these

could not be used due to lack of cutting machine to get

them to the desirable sizes,
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30 High-~duty silica insulating bricks., These were used
mastly for jnsuleting the crown of the furnace due to

their chemical compatlbility with the silics crouwn bricks,

25kg silica M S50R cement with chemical composition simiiar

e

to that of S0OR arch sllica hricks above.

Gomposite glese fibre wool measuring about 840mm by LbOmn,

30% 3 Sempled Materials From WAGL

S L TRPEE

Here, the followlng refragtories were obtalned:

45 Stein 45D (fix dense low-iron alumingus fire bricks)

with the chemicsel compositian 51,5% SiDZ, 45% AL,y T T6

2 2 2

Fe DS' 1-6% Tiﬂz, 003% CED plUB MQD and 0.5% Na,0 + K D.

The properties accompanying the flre brick as provided for

: by WAGL ere 1780°¢C Pyrometric Cone Equivslent (P.C.E.),

spparent porosity of 12,5%, 2,369m/3m3 bulk density and lts

cold crushing strength was given to be EBDkg/cmz. These

- bricks were employed for the Flnuf and mallé uf the furnace

Uf;ppupar.

The properties that precipitated the choice of thig
category of :efrantnry are its high refractoriness

(generelly betwsen 1600°C end 1750°G), and most especislly,

1ts high thermal shock resistance which is better than



46

that of silica brick, though its R,U.L 1s lower owing to the
fact that its fire strength is due to the glassy bonde This
high thermal shock resistance was deemed essential, considering
the periodic mode of heating and colling the furnace was to be
subjected toe It 18 as a result of some of these desirable
features that fire bricks find most application in the glass

industry.

2040 Amberite insulating oricks (castaules) with the chemical

compasition 3% 91203, 51 510, and bk Fey,0,. I1ts service

2
temperature limit was given as 1350“6.

3014 Metal Materials Sampled

These included angle irons sizes 7.,5cm x 7,5cm, 5S5em x Scm
and hom x bom, iron rods, nuts and washers, Others were metal

sheet and welding electrodes,

3s1e5 Expectations of Furnace Refractories

The requirements of furnace refractories as demanded by
the furnace designer are many and varied thet it is impossible
for any single refractory material to fulfil all, In this
connexion, Thring (1962) stated that as a consequence of this,
the selection of a refractory for a given application is
frequently governed by compromise in which the properties

consldered essential are opted for at the expense of the less
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easential ones., 1IN order to aid the furnace designer in making
guch a selection, various standardized lahoratuory tests have

been deviced for determining these properties.

Some general regquirements of furnace refractories are

preaented belows : E

1o The ability to withatand high temperature ranges without

fusion or detormgtion under plant conditionse

2e The ability to wlthstisnd the corroslve action of mplien
materials, both basic end acldic in nature like metal,
alag and glasa, fumes and vapour of fluxes which wear it

by dissolution or penetration,

3. Capability of withstanding the accelerated action of
erosion which ig mechanical in nature such as faat moving
gases carrying liquid or suspended pertlcles, or impact

of rapidly moving stream of molten metals or glass,

he The ability to withatand mechanical loading at high
£emperaturea by ivs charge or by the surrcunding
structures. This is knouwn as refractorimess under load

earlier mentioned in chapter one,

56 The asbility to withstand sudden temperature changes

(thermal ehock), which causes stresses to be set up as m

result of differential expansion and contraction leading
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Low porosity and permeability are properties demanded by
refractories used for the furnace lininge Due to the
nature of manufacture, pores both closed and open are
formed in them, and firing only reduce their volume and not
eliminate them. 0Open pores are interconnected and are

responsible for gas and liguid permeability.

Low thermal conductivity and high porosity are desirable
in external furnace walls for backing insulating
refractories to prevent excessive heat loss, Backing
insulation is however avpided or minimized in critical
temperature regions as it leads to accelerated wear of

the hot face refractorye Accordingly, roofs and walls of

open hearth furnace are never insulated or only lightly
insulated. 1In some applications, the furnace may be
expected to serve as store house for heat in which the
hot face of the furnace itself may be built of porous
insulating materials which reduce the heat capacity of
the walls, provide louw fhermal conductivity and so
minimizes heat loss. This is good for intermittently
heated furnaces, but the practice is only suitable where

there is absence of slagging effect as insulating

materials are generally of high porosity and therefore of

low resistance to slagging.
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e Where refractories employed for the manufacture of
crucibles, recuperator tubes, wire wound furnaces
(electric furpaces), thermocouple shealths or for
constructing coke-oven and muffle walls are concerned,
high thermal conductivity is s desirable feature. For
this reason, such refractories are made af high heat
conducting materials like silicon cerbide and

graphite.

Generally, the choice of the sampled refractory materials
used in the furnace construction was gulded by avallabillity

and properties as presented below:

Aluminous Fire Bricke: As stated earlier, these were used for

the floor and walls of the furnace lininge Flre bricks are

a group of alumino-silicate materials with 24 ~ 45% ALD,, the
remaining balance being essentially 5102 with emall amounts of

Fezﬂj, Galy MgO and alkali,

Other ranges under this broad group include sillimenite
with 45 - 65% a1203, mullite (3“12039 25102) with 65 = 75%

AL,0,, boxite base (aluminous) with 75 = 90% Al,0, and Corundum

with 90 - 100% R1203.
Generally, their refractoriness 1s found to be a factor

of silice-alunina ratio, nature and quality of the fluxing
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materials present, either as an impurity or as a deliberate
additive, The refractoriness which is fpound to increase with
increasing alumine content rises from 1550 = 17509G e far as

the 25 -~ 45% alzﬂ range is concerned, but generally, it is

3
between 1600°C and 1750°C, Their load bearing ability at high
temperatures (R.U.L) and their maximum working range is
cansiderably less than their refractoriness, about 1500°C or
even lower, It has a good spalling resistance, and is better
the higher the slumina content, Slag resistance is weak, but
thermal shock resistance is better than for silica bricks.

This last property was considered very essentlale.

Trinks (1953) classified fire bricks as super-duty,

high=duty, medium=-duty and low-duty bricks,

S5illimenite Refractories (Al 5102):

ZD}' These have an alumina

ﬁuntent of 62 percent with a melting point of 1850°C, Its
working range is analogous to that of silica brick (up to
1TUUDC); has good R,UsLey bBut not as good as that nf'ailica
brick, though with better thermal shock resistance, It is used
at elevated melting temperatures where fire bricks are found
unsuitable, Its slay resistance makes it sultable for glass

melting tankse
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Mullite Refractories (3&1203. 25102)3 These contain 72%

41203 and the refractoriness ranges from 1800°C - 1850°C, Its
high mechanicel strength at elevated temperatures is as a
result of its interlocking needle-~like crystsls, There is
uniformity of expansion and good thermal shock resistance,
extremely high cold crushing strength, and therefore may be

used where there is high mechanical wear or sbrasion, not

necegsarily at high temperatures,

Its application is to be found in the crown of electiric
furnaces, in the hearth of reheating furnaces, brass melting,
reverberatories and alumina meltinge None-metallurgical uses
ere in glass melting furnaces, cement, pottery and enamel

industries,

Alumina Refractories: They contain 90 = 100% ﬂ12D3 with a

melting point of ZUEODE; Depefding an the alumina content,
their maximum werking rangé lies in the region of 1700°C -
1BDD°E. Owing to its high refractoriness, hardness, mechanical
atrength, thermal shack reslistance, resistance ta chemical

attack and i1ts electrical properties, pure alumina remains the

most widely used pure oxide,

The sillca-alumina phase diagram presented in appendix O

demonstrate two things:
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Te The damgging effect of small amounts of alumina on the

refractoriness of silica bricks,

2e That the most refractory mixtures are those between

seventy=two and hundred per cent alumina,

The addition of 59 R12D3 to pure 5102 reduces the
melting temperature from 1710°C to 1545°C for pure silicae
Further addition however results in an increase in melting

temperature, The composition 95% Si0, and 5% Al 0, is the

2 23
composition of eutectic (where the most damaging effect on
silica refractory is felt). The composition consisting of
72% R1293 and 28% Si0

ig mullite (3Al 251U2) with a

2 23
melting point of 1B7UQC. All mixtures cnntaining less than

72 AL0, first form liguid at 1850"C or higher,

The silica alumina ratio of an alumino-silicate is
therefore a good guide to the likely refractoriness of the
material, though the melting temperature indicated by the phase
diagram will not be exact since the actual alumino-silicate
refractories are never pure, The presence of small amounts
of impurities, perticularly fluxes like aslkall and alkalil

earth compounds, iron oxides and titania will reduce the

regfractoriness. The true refractoriness is best found by

laboratory testing. The siliceous refractories will fall to
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the left hand side of the phase diagram, while the aluminous

ones to the right hand.

S5ilica Arch Bricks; The silica arch bricks with 96% Siﬂz
described under 3. 1.2 above were employed for the crown of the
furnace, except for the chimney L-shaped brick and its key~brick

which are of the aluminous fire bricke

The outstanding properties of silica bricks are to be

found in their:

Te Very high R,UeLe to within a few degrees of melting point

(1710 - 1730°C).

2e Freedom from shrinkage at operating temperatures

(1600 - 1700°C).

5 = Relatively high resistance to attack by oxides of iron

and alkalis.

Property 1 was considered very crucial for its use at

the crown of the furnaces The most valuable property of silica
bricks is the very high H.U;L. resulting from the tridymite

bonde It is pertinent to note that bonding in silica brick

particles is mainly by formation of calcium-silicate glass

and partly by interlocking between tridymite particles,
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However, silica bricks are of poor thermal shock
resistance, a factor responsible for their failure. Their
thermal shock resistance is to be found at temperatures only

above 600°C,

As has been mentioned earlier, the refractoriness of
silica bricks is greatly louwered by small traces of impurities

such as gluming., The main difference between silice bricks

and super-duty silica bricks is not in their refractoriness,
but in load bearing ability at high temperatures, Super-duty
silica bricks are of higher ReU.L because the impurities have

been beneficlated.

Jo1e6  Hrick Cutting To The Desired Dimensions and Shapes

The stein 45D (Fix ﬁﬂnaé lnu-iran aluminous fire bricks)
obtained from UAGI; and measuring 30 x 15 x 6.5cm were cut into
a number of slzes. Some were cut into three equal parts across
the length to form smaller constructional unlits measuring
15 x 10 x bo5cm, with the original width now serving as the new
lengths A few more were cut to the size of 20 x 15 x B.5cm
(two third of the full length)e Two others were cut into

L-s8hape by removing out a purtinn-mEasuring 14cm along the
length from one end by 9.5cm along the widthe The cut out

portion becane the key bricks. Three of the ranéining bricks

were left full length (See appendix E).
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The Cutting Procedure: This was “carried out at WAGI plant
from where the bricks were obtained using the brick cutting
machine, driven by an electric motor, The torgue produced by
the electric motor is transmitted through an over-head arm of
the machine onto which the diamond blade disc is fixed to be

rotated.

The brick-cutting machine is permanently mounted on &
metal table with & hole on its flat surface through which the
diamond blade passes in during the cutting process, The marked
out area to be cut was perfectly placed along this hole. As
the machine was switched ong, the arm was lowered until the
blade was in contact with the brick when the cutting was
initiateds The brick was held in position while the arm was
lowered, until the brick was neatly cut out when the arm was
raised up to its rest position, ready for the next cutting

operation.

Ji1e? Pregheating The Bricks

All the dense bricks, both cut and uncut were taken up
for preheating on top of the operating furnace forehearth for
a period lasting about 12 hours, Here, the bricks were exposed
to a temperature range of 700 - BUDUE (the surface temperature
of the forehesrth). The temperature of glass in the farehearth

ranged from 1118°C - 1120°c,
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After the sald period of time, the bricks were brought
down and allowed to cool to smbient temperatures, The cut bricks
were given finishing touches by chipping off the badly finighed

edge with a hgmmer, The essence of preheating the bricks was
directed at driving off hygroscopic water to avoid shattering

during furnace operation.

302 Metal Table Construction

Having come out with a detailed paper plan of the two-
chamber periodic tank furnane; the metal table measuring - 141cm x

Béem x 51ocm wes constructed to carry and accommodate the furnace,

The constructional materials used were exclusively angle-
irons and metal sheet as poilnted out under 3,1.3, Both pouwered

and manual hack-saw were used in cutting the metal materials,

The table was constructed to comprise of six legs measuring
50cm in height. Each pair of legs was reinforced with a
705cm X 7450m angle=iraons stretching 81cm ascross the width of

the table.

By using instruments like a acrappef, Triesquare metal
set-aqure and a manual hacke=saw, V-shaped lines and marks
forming a gg” angle were obtained at gppropriate distances on

the 5em x 5om angle-iron, making the table edges with a total
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length of 4e54m. By cutting out these VU-shaped lines and
marks using the hand hacke~saw, only one joint was created as
the angle-iron was bent to form the four corners of the table

edge,

The legs were welded to the table edges at right angles,

and the reinforcements also welded to the pair of legs at

right angle to each other.

In order that the table top be able to carry the weight
of the furnace without deformation or sagging, 8ix angle-iron
pieces measuring 81cm were cut and equi-~distantly spaced out

on the inner surface of the table edges, The placement was
done at right angle to the table edges, Théy too were welded
across the length of the table. Thus besides serving as
reinforcement component parts, these cross angle-iron glso
performed the function of absorbing the downward pressure

exerted by the furnace,

3.3 Furnace Design And Construction

A comprehensive and detail paper design preceded the
furnace constructione The inltial plan of the furnace
measuring 115cm x 60cm x 4Y9cm was abandoned because the silica

crown bricks could not go across the 60cm widthe. This

necessltated looking for fresh refractory bricks for the
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furnace lining and cutting them to smaller construction units
as described under 3,1.6 to match the new design (see appendix
VIIL),

3¢3e1 Fundamentals Apnd Basic Considerations In
The Furnace Design And Construction

Factors that were considered in designing and

constructing the furnace are:

y 8 Typeyavailability of fuel and combustion equipment,

Trinks (1953) stated that heat is generated in a furnace

elther by combustion of fuel or by conversion of electric
energy into heat energye. Further, that the combustion
types of furnace are more numerous, but the electric

types are prefered for many purposes. Nigeria has

abundant energy sources that can be fully used in glass
meltings These include among others, electricity, liguid
fuels such as diesel, heavy fuel pil and kerosine,
gaseous fuel like liquified petroleum gas (L.P.G), and

in the neer future, natural gas (N.G),

Electricity supply was considered sporadic, unreliable
and costly, while the liguid fuels were dropped on lack

of suitable supply eguipments for preheating, atomization,

and combustion process. L.Pe.G was opted for because of
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* . availability of yas burners ln Glass Technology and

Ceramic Sections of the Department and the relative

cheapness of the fuel ltself.

Refrﬁctdries cholce, .Thia was guidéd by what could be
obtained from the few Nigerian gless factorles visited
coupled with thelr desirable features as earller ’
disnuaaed ~ hence the purpaosive sampling of the

bunstructinn materisls.

viewing fram the perspectlve of capltal and malntenance
sost, the direct-heasted furpace surfaced es recuperators

and regeheratiue chanuers were dispensed wlth.

In view of the smallness of the furnace slze, the
longitudinal flame and direction of gas mpvement was
pravided in preference to the U-ghaped (horse-shoe) or

trangveree flame,

Deslgn of furnace space, Here, the tank furnace was
opted for in preference to the pot Furnéﬁe in uiew”ﬁf
the proper utilization of the furnace space. Thia élaa
took into account the method of glass-uworking (uff—ﬁand) |

Blnce it is studio glass practice.

Slmplicity of construction, operation and parts

.replacement neceassltated the cholce of the rectangular

type of periodic tsnk furpace in preference tc the more
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complicated circular or oval-shaped types.

7e The size of the furpace and furnace productivity which

took into consideration capacity of the combustion
equipment available, Attention was paid to the furnace

helght and working spaces

Be On the score of the method of division of the tank and
flane space, the two chamber type with e common flame
space as a means of achleving the prime objective of the

study came to mind = that of simultaneous dual melting

of both coloured and flint glass using a burner for fuel

economye

36302 Furnace-Proper Brick Laying

The first stage involved in the construction process was
the central spreading of the composite sheet of glass fibre
on the metal table. This served as an insulating medium
between the hot base of the furpace and the cold surface af
the table top. On top of the glass fibre, the floor bricks
were lald, followed by the side walls, and lastly, the crown

bricks.

The plain straight packing of bricks was generally

adopted for the furpnace lining. These uwere closely fitted
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together as much as possible to minimize the amount of gaps
created inbetween brick Joints, Lack of cutting machine at
hand during the construction process unavoidably prevented the
use of stringer course packing which would have otherwlse
provided for maximum mechanical strengthe The little spaces
created inbetween the construction units served ms a natural
expansion gap during furnace ﬁperntinn. Gilchriast (1977)
atated that in constructing a furpace, spaces should be left
inbetween bricks to asccommodate thelir thermal expansion so as
to avold distortion of the steel framework as the expanalon of
refractories is likely to be three to four times the elastic

strain in steel.

As it is customary in tank construction, no mortar of
any sort was used to seal up the brick Jjointss Therefore, the
solidification of glass in the joints was all that prevented

leakage,

Je 53 Elements of The Furnace

The main camponent parts of the furnace comprised the

following:

The Floor or Base:; The floor bricks were laid in double

buuraa, one on top uf the othere They caomprised elght double

bricks slong the length of the furnace and two double bricks
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'":i along the width of the furngace tn.glue a diménaiun of B0cm x

3Ucm with g height of 13cm {(from the top of the glass fibre)
. . . '

Bee plate I for the arrangement of the bricks),
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along the width of the furnace to give a dimension of 80cm x
30cm with a height of 13cm (from the top of the glass fibre),

see plate I for the arrangement of the bricks).

Plate I: Arrangement of Refractory Bricks for the Base
Including the Partition, Lower Portion of the
Central Piller, End walls and the Back wall of the
Furnace Proper.,

The uWglls, Doors and The Central Pillar: The end walls bricks,

numbering two, were arranged lengthwise, stretching the width

of the furnace and on top of the double course floor bricks.

Along the front longitudinal side of the furnace, a
central pillar measuring 20cm Jids, 32.5cm high and extending

15cm into the furnace interior was constructed. This served two
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purposes - as a division for the doora of the two chambers
and as a support base for the top door bricke and crown

bricks. 0On top of the plllar ie a brick centrally situated .

and extending lengthwise (15em) into the furnace in the same

manner as the plllar bricks themselves, from either side uf

this central brick are the top door bricks that extended to
the extreme top ends of the furnace. They are full length

{30cm x 15cm X 6,.,5cm).

These, plue the central brick an tap of the plllar served

#s the base on which the crown bricks, the chimney L-sheped -

brick and 1is key-brick rested,

On either side of the centrsl pillar (beginning fram the
top of the floor bricka) were two bricks arranged vertically

lengthwise (15cm), 20cm wide and extendlng 6,5cm into the
furnace interiar ta give the maximum helght of the furnace

thambers, They were bounded by the central plllar and end

‘walls hricks;

. The two rectangular doors, each measurlng 20cm wide and
17cm high were bounded by the twin bricks described above, the
central pillar, the end walls and the support base of the |

crown brickss The two functioned as inletas for batch charging

and outlets for glass working. Pyrometric cones wele also
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arranged at their base for temperature determination. For the

front view of the furnace lining, see plate II.

Plate II: Front View of the Furnace Lining with the Doors,
Central Pillar, the Twin Bricks, the Crown Bricks
and their Support Base Bricks in Perspective.

The bricks constituting the rear longitudinal side wall
were packed lengthwise, starting from the very bottom of the
tank (directly on top of the glass fibre wonl). Under this
arrangement, the number of bricks totalled five along the

length and eight vertically to give a dimension of 75cm long

and 52cm high (see plates III and VI),
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Plate III: Furnece Proper Refractory Bricks set up, Closely
Fitted Together as Viewed from the Rear Side Wall.

The Partition: The partitioning of the single-chamber into

two-chamber furnace was effected by Placing lengthwise, two
bricks, one on top of the other going the width of the furnace
chamber to divide it into two egual parts. The placement of
the partition bricks wes done in such a way that they formed
an extension of the central pillar in the middle portion and

extending to touch the bricks of the back longitudinal wall.
They measured 15cm stretching the width of the chambers, 10cm
going slong the length of the furnace and 13cm high. The
minimum height of the furpace chambers were therefore

determined by the height af the partition.
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The differential width of the partition brick and that
of the cenfral pillar resulted in two adjacent “dead corpers"
being created, one within each of the two chambers. They each
measured S5.0cm wide. The partition was essentially an

extension of the central pillar fraom the floor of the furnace

(see plates I and IV for the arrangement of the partition

briCkB ) .

Plate IV: The Partition Aricks as Viewed from the End View,
with the Chimney L-Shaped Brick in Perspective.



IC?nun of The Furnace: The SGT 75 - 70 x 350w sillca arch
bricks were packed lengthwise goling on top of the furnace
wldth to gilve it a total external helght of 59 4 D.5cm (that
is Sécm ﬁlﬁa 7 + 0.5cm). These bricks were four in number
plus a fifth one consisting of the L-shsped low-1ron aluminous
fire briﬁk to form the chimney brick. These were closely
fitted together. The “key-brick® gr "leck-hrick" was

slotted in the L-shaped brick to make for adjustment of the
thimney npeniné.(éee piétaa II, 111, V and VI for the

arrangement of the crown bricks).

¢

The Burner Porf: An end-port with an originel dimension of
18.5cm high and 15cm wide was provided opposite thé'bhimney.
The conagtructiian was carried out in such a way that it was

e

6.5cm above the partition sg that the latter did not obstruct

the flame path during firing operation,

In the course of insulating tbe furnace hpwever, the
original éiée of ﬁh: port was reduced to Bcm high, 7.5pm wi de
(at the bottom) end 7.0cwm wide (at the tspering top). The
tapering.at the top came about &8 g result of the use af
| e#ilica crown brick (of size 60 - ?D;x 230w), vertically placed

an one side of the port. The reduced slze of the port enéufed

that stoichiometric fuel/eir Tatio was mailnteined during
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combustion. The distance from the front of the furnace to
the beginning of the port measured 15.0cm and that going tao

the back end stood at 17cm.

The port functioned as an inlet for gas and combustipn

alr (see plates V and VII for the initial and final size of
the burner port). It also served as a "peephole" gr

"sightholes" Its location makes it an "end-port" and

avenue for sauple taking of molten glass.

Plate V: The Initial S5ize of the End-Fort, gGefore the
Application of External Backing Insulamtion. The
bottom Structure can be Seen Sinking in the

Composite Glass Fibre Wool, Centrally Spresd on
the Metal Table.
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The Chimney: The L-shaped brick placed as the last crown

brick together with its key-brick formed a rectangular
chimney for the furnace, The placement of the L-shaped brick
was done in such a way that the narrow strip side was rested

on the end brick. In this manner, the top of the end brick
in the cut out area was caused to extend 2cm inward. This
inward extension served as a base on which the key-brick

threw its weight (see plate VI).

Plate VI: An Aerial View of the SGT 75-70 x 350w Silica
Arch Bricks, with the Stein 45D L-Shaped Fire
Brick and its Key-Brick in Perspective.

The outward extension of the chimney cut out part of the
L-shaped brick and 1ts key-brick reduced the chimney hole to

measure 9 X 6cm. The depth of the chimney amounted to 21cm

after insulation. The chimney hole is adjustasble by the
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key-brick by sliding it to and fro at the rear or through

one of the doors, and can even be shut up completely. By
sliding it backward, the chimney hole attained its maximum

dimension of 9 x bcm.

While the key-brick functioned as a regulating
equipment for the control of atmospheric conditions, the

chimney itself provided an exit for flue gases.

3.4 Insulation and Surface Finlshing

g 5 PS | Backing_lnaulatiun

The stralght plain packing of the component parts of
the furnace refractory lining, closely fitted together was
accaompanlied by external insulation using insulation bricks
laid in stringer course for increased strength. The standard
insulating bricks obtained from the three glass industries
measuring 23 x 11 x 6.5cm and the ones made in Ceramic Section

of a much larger dimension were employed for the same purpose.

Clay mortar, a mixture of kaollin and saw dust in the
ratio 1:1 was used as a binder for the bricks as well as for
filling inequalities in the construction. Wwater was added

until the right consistency suitable for the purpose was

obtalned. This was left in the contelner over Four nights

and stirred three times each day for proper homogenization of
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the mixture., Lwule (1988) used the sane proportion of
mixture for his ceranic kiln construction, and is found
quoting Rhodes (1968) as saying that the purpose of mortar
is to fill cracks and makes for a more-air-tight structure

rather than sticking the bricks together.

The application of the mortar was by dipping the
bricks into the mortar and cuﬁpleted by hand application.
Ewile (ibid) further reiterated Rhodes' suggestion that the

bricks should be dampened as a preventive measure against

quick sucking of mortar which makes it too stiff for achleving

the desired result.

The stringer course laying of the insulation bricks
necegsltated cutting some aof the bricks using power grinder
and to some extent, hack-saw. The arrangement of the bricks
was carefully carried out such that the vertical and
horizantal joints were not allﬁmad to lie directly to those
of the furnace proper, but crossed each other for minimizing

heat loss,

The desire and need to apply backing insulation to the
furnace arose from the knowledge that no matter how properly

designed a furnace is, considerable heat 1is lost to the

surrounding atmosphere through the crown and walls of the
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furnace, and through openings, largely by radiation and
conduction. The transfer to ﬁhese interfaces is further
alded by convective currents set up in glass. This has
prompted the provision of external furnace walls.

Doyle (1979) categorized heat loses into sensible heat in
glass, stack loses and structure loses, Chesters (1973)

salid that the prime aim of insulation is best appreciated

in the light of heat conservation; it halves the losses
through certaln structure so as tp offset the material (Fuel)
costs involved. Furthermore, that the question of insulation
is less attractive to the refractories engineer in view of
the fact that it rarely adds to the refractory life, indeed
it may be reduced, G&choles (1974) esserted that “insulation,
Judiciously applled, improves the thermal efficiency of

modern glass tanks and increases the output of glass.*

It is an established fact that the crown of the furpace
radiates into the surrounding atmosphere 10 - 12 per cent of
the total heat supplied to the furnace. By insulating, this
amount of loss is halved, corresponding to e direct saving in
the order of 5 - 6 per cent. Undoubtedly, 8 - 10 per cent
fuel-saving 1is achieved as the crown insulation reduces by

half the amount af heat lost.
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Tf"2-fﬁé inﬁéétigatnr wes cauticus in ensuring that the
inaulation bricks ﬁéeﬂ uﬁ the crnmn.nf ﬁﬁe.fﬁrnaca wls
chemically campetible with the silica bricks (porous silice R
bricks Qéfe.ﬁéedﬁ. ﬁn alternative to this is to use pure,

brickg becguse alumina penetretes _
sluminae-iree klieselguhr / the jolnts of the sllice crawn g

bricks to form a low melting eutectic (jt acta as a flux ta
8llica), Uhere alumina—éuntgining inaulating bricks are used
an the cTaun, it ia.aduiaable that a layer of guertz eand is
.fi;af iaid un.£ﬁe crown before applylng the 1naulatiun.
Taking into account thg expansion of the silica bricka;
thé.ﬁfu;ﬁ.waé.iésulafeduin the copld ataté, which is g better
practice than the bot crown insulation. :In thié caéel.fheuh

insulation ls ampplied only after the crown mugt have been

heated to the furnace gperating temperature whereby all

expansion joints and leaks are properly sealed up.

The horlzontal jolnts of the silice crﬁun bricka were

first covered with composlte glass fibre before applying the
lnsulating bridka tu.auuid particles dropping inte the furnace

in the event of after-contraction during conling.

In high-temperature tank furnaces, especially critical

temperature reglons such Be the upper part of the flux blocks,

B ]
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joints between port neck, skews, invert arches, the ports and
the throat cover are subject to greatest wear, hence they are
left uninsulated and cooled with water boxes and alr Jjets.

greast walls, back walls, and refiner blocks may be insulated

as well as the working chamber.,

The efficiencies of glass meltlng tank furnaces is put

at 15 - 25 per cent; and only in exceptionally good cases that
this is exceeded, The average is however put at 18 per cent.
In the early decades of this century, the efficiencies was

put at 10 - 15 per cent.

Investigation has proved that the efficiencies of
glass tanks may be improved teo a limited extent by judiclious
application of thermal insulation to the exterior surfaces of

the furnaces.

Insulation utilizes the property of poor thermal
conductivity of air, hence thermal pockets are created in
insulation bricks. Ipsulating materisls derive their low
thermal conductivity from their air pores, while heat
capacity is determined almost entirely by the solid
campanents in an alternate series of solid boundaries that

give the insulating effect. The more pores present, snd the
lesa the solld, the lawer will be the conductivity, snd the

higher the 1lnsulating property.
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J.b.2 Surface Finishing

After the completlon of laying the insulating bricks

round and on top of the furpace crown, mortar was prepared
end applied on the exterior surfaces of the furnace,

easentially 4o seal end level up any ldentifigble

inequalities, This was repeated after s week to give it a

fingl touch,

345 5teel Frame-=pork

The furpace which had the metal table as its support

base wes supported et the vertlcal and horizontal edges by
angle-irons, The backstays, measuring 75cm, rose above the
furnace trown by 10cm end yere fastened together at the top

gnd bottom by tie rode measuring 1.12m (elong the length of
the furnace), and at the top and bottom by another set of tie

rods, measuring 76cm (going along the width of the furnace).

The two projections at the front of ihe furnace were

also supported vertically by a palir of shorter angle-irans.

The tie rods were threaded Scm at both ends and provided

with nutes which could be adjusted to allow for expansion when

the furnace was under operation. The tie rods ran through e

hole drilled in angle-irons, cut 4o a wldih of 3cm and welded

to the supporting angle-irone in pairs at equal dlatences.
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gy virtue of their outward projection, sufficient clearance

was provided for tenslon to be created.

The steel members and the tie rods, thus braced the
entire structure topether. Gilchrist (1977) asserted

“furnaces usually have a cast iron or steel frame or case and

refractory brick well and lining."

3.6 Removeable Door Covers

The final stage of the furnace construction consisted

of making two removeable covers for the two rectangular holes

of the two chambers. Each was made up of a palr of insulating

bricks closely filtted together by a square angle-iron, 22.8cm x
2Z2.8cm, that were congtructed in the same way as the metal
table edges. They were each provided with a metal pipe handle
measuring 50cm projecting harizontally outwards with a hole

diameter of 3.3cm (see plate VII).
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Plate VII: Front View of the Furnace after Insulation,
Surface Finishing with the Steel Frame-uwork in
Position; the Doors are Covered with the
Remgveable Covers.
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Plate VIII: The Final Size of the End-Port; the Handles
of the Removeable Door Covers Projecting
Outwards as they Remain Closed.
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Plate X: ;he mnr?—nut Single-Compartment Periodic Tank
urnace; Greatly Corroded and Erroded with Cracks




Chapter &4

ANALYSIS DF FURNACE OPERATION AND
EXPERIMENTAL TEST-MELTING DF GLASS

In order to determine the performgnce of the furnace,

three separate test-meltings were carried out. 1In each case,

two separate batches of the same quantity and compositian

were prepared, one for each of the two chambers, For easy
reference, Lhe chambers were numbered colpured glass chamber

(CGL) or chamber one (CI) and flint glass chamber (FGC),

otherwise refered to as chamber two (CII).

Coloured glass chamber was canstantly used far coloured

glass melting, while FGC was used for flint glass, G5lnce the
contents of the two chambers underwent simul taneous mel ting
aperation, it became necessary that all the materials making
up the pair of batches were melted under the same conditions,
For the same reason too, they comprised the same compogition.
On the score of consistency of result in terms of compositiaon,
the same method of batch calculatlon was used throughout — the
simul taneous equation method of approach was adopted in this case,
The calculation was first based on 100kg of glass oxide,
cross-checked, after which it was based on 21kg of glass oxide.
Further, the result obtalned was divided by two to get the
capacity of one chamber of the furnace. Hence, the capacity

of the two chambers totalled 21kg af glass,
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For the palr of batches of the first test-melting, two
main sources of silica (5102) were used (quartz obtained from
Ceramic Section, and Haure sand from Ballarpur Glass Industry)e
Owing to its relative high purity, the guartz was used for the
flint glass batch, while Baure sand was used for blue coloured
glass batche In the subsequent two test=melting operations, sand

was used for both pair of batches,

The compositions of the first two melting tests consisted

of spde~=lime-silica glass, while the third and the last one was

lead crystal gless,

In view of the fact that no chemical analysis of the
component ingredients of the batches was carried out in order
to gquantify their chemical compositions, especially the complex
and the locally sourced raw materials, it was obvious thatl
empirical assumption was made in this respect, based on

existing theories, (see Appendix H).

be1 Hatch Calculation And Preparation

The glaes composition (percentage oxides in glass) aof
the soda-lime=silica glass in the first two melting tests was

worked out to comprise 65% 5102, 1o b AIZUB, beb Cal, 3,8% MgO,

201% Nazﬂ, 32 Hzﬂ. In addition, 0,005% arsenious oxide

(Aazﬂj) and D.005% antimonium oxide (szﬁj) were included in
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both pair of batches, These served both as fining agents
as well as oxldants. Further, 2% cupprous oxide (Cuzﬂ) was

added to the coloured glass batch., This constituted the

colouring agent for the blue glass,

203 and 5b203

adjunt saltpeter (HNDJJ was to aid in difficult fining

The prime sim of introducing both As

problems, Both oxides (REZUB and Sb203) are similar in
chemical composition; they intercept oxygen gas released by
nitrates at g lower temperature to be converted to the
pentavalent state. At s higher temperature, they release
oxygen gas bubbles which help in eliminating residual gas
bubbles from glass. 5b203 is sometimes more effective than
35203, probably beceuse the reversion to the trioxide takes
place at a somewhat lower temperature than for asernic; hence

it is used as fining agent for soft glasses,

Asernious oxide provided the additional advantage of

controlling the colouring effect of iron oxide in the flint

glass batches.

The composition of the tableware lead crystal glass used
in the third melting test consisted of 56k 5102, 29 Pb0, 2%

Na

Oy 13% HZU, plus Q4% As, 0, and 04 2% HZD for the coloured

2 23
glase batch, 2% Guzﬂ was intropduced,

30
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The percentage chemigsl composition and the guantities

of the individuasl raw materials used in the first and third

pair of batches plus the quantities of oxides they supplied
are tabulated in tables 4.3 to 4.4 The taebles for the second

Pair of batches sre not shown becguse they are the same as the

one in table G4, 3

Table he. 3: Theoretical Glass Lomposltion (Oxides in Glass)
And Chemical Composition of Raw Mpterials Used
in Batch Ope For Chember Une (Coloured Glass Chamber)

% wWeight of Glass Oxides (k

Weight of Raw v “ » a)
Materials (k@)  |g5.0 | 1,4 | 6.6 | 3.8 |20,0 | 3.2

6i0y |A1,04 | Gel MgO | NagO Kol
6"'.71 Sand 53.7"’ D.32 Dn32 - D.ZD D. 10
2,92 Felspar 1¢26 |1.07 |0.58 = - -
17,47 Dolomite — - 5e 24 3.76 - -
0,89 Limestone - ; 0.55 |0.06 = -
33.86 ::]an ﬂﬂh - - - - 19.6& -
b6.77 Saltpeter 311
126,62 [65.0 Tele 6.7 3.8 20,0 3e2
Raw Materigls Chemical Compaosition
Sand 98,5 | 0,5 0.5 - 0.3 10,07
Felspar 43,2 [36.7 | 20,2 - - &
Dulﬂmita - - BU.D 21-5 = -
Limestone - - 50,0 5.0 . =
Soda Ash - - ” = B85 -
Saltpeter - - " = _ bbe 5
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The bottam part of table 4.3 abﬁue shows the chemical

_ composition of the various glasemeking raw materials used for
the coloured glass batch in the flrst melting test as
anglysed in the laboratory.” For example, 100kg of éand was

taken to contein 98,.5% 5i0

),p 0.5% AL,0;, 0.5% Cal, 0.3 NayO

and 0.07% HZU.

The top pasrt of the table shows the percentage of the
individual oxides needed in the giass, the total being 100%.
These ar® presented in the second horizontal column to the

right hand side. For example, 65,0% S10, is the total snount

2
of Gil_ needed in 100kg of glass. The extreme left vertical

2
colunn of the teble gives the welght of the 1ndiv1ddﬁi Taw
materiala; and going horizontally towarda the right are the
percentages of the various oxides mupplied by each of them,

For example, gut of the total 100kg of glase oxides, 2.92kg

felspar supplies 1.26% §10,, 1.07% A1,0, and 0.58% Ca0 of the

3
total 65.0% 510,, 1.4% Al0; and 6.&% Ca0 respectively. The
last horizontal column of the same part of the table representa,
at the extreme left, the total weight of ali tﬁe raw materigls
(126.62kg); snd going horizontally towards the right hand side

are the totel welght of the 1nd1u1dhal.bx1dea as supplied by

the various raw materlals. Tables 4.4 and 4.5 can be understood

An the sane way.
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, Table h;h: Theoretical Glass Composition (Oxidee In Glees)
And Chemicsl Compositicon of Rew Materials Used
in Batch Two For Chamber Twg (Flint Glass Chamber)

weigﬁtfdf.ﬁaﬁ.. % Weight of Oxides Supplied (kg)

Materials (kg) .

: 65,0 1o lt 6.6 3.8 20,0 342
510y | AL 03 | Cab Mg | NaoD K0

63,93 Quartz 63,61 O0s13 ] 0,05 U.38 10.19 -

3,23 Felspay?T 1. 39 1a 18 U. 65 - - -

. 17449 Dolomite - - 5.25 34,76 - =
1« 16 Limestone - - 0,65 0,004 - -
34, 16 Soda Ash - - - - |18 | ~ -
6,88 Saltpeter - - - - - 3.2
126,85 65.0 1o le 6.6 bg 1 20.0 3.2
Raw Mzterials hemical Cgmposltian
Juartz 09,5 0,3 0,08 | 0,06 |0ap3 -
Felapar - 4342 36,7 | 2042 - - -
Dolomite - - 30,0 |21.5 - -
Limestone - - |%.0 [C.01 | - -
soda Ash “ - - - 28,5 -
Saltpeter 2 - - - - 46,5
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Table L.5: Theoretical Glass Composition (Oxides In Glass)

And Chemicgl Composition of Raw Materials Used

in Batches Five and Six for Chambers One and Tuwo
(Coloured Glass Chamber and Flint Glass Chamber).

Welght of Rauw % weight of Glase Oxides (kg)

Materials (ka) 1 oo o | 2.0 | 2.0 13.0
§10, | PbO | Nag KO

56485 Sand 560 - - .

25,68 Red Lead - 2940 - .

3,42 Soda Ash - - 2400 -

14.68 Potash - - - 0.0

6.45 Saltpeter - - - 3.0

111.08 56,0 | 29,0 | 2.0 1340

Raw Materiels Chemieal Compositian

Gand 98,5 - - -

Red Lead = 97.7 - -

Soda Ash - - 58,5 -

Fotash b - = - 68,1

5al tpeter o ~ - - 465

Note that the impurity contents of the raw materiels such
as iran oxide in form of FegU3, titania (Ti02) and loss
an jignitign are excluded in - the chemical composition

of all the batches. Also, suxiliary raw materials like
fining agents (Asz03 and Sby03), colourent (Cup0) and
boric oxlde (BgD3) are not mhawn on the tables,



After cross-checking the batnh.calculatinn based on
.1Gakg oxides, it was then based on Z21kg of glass as has Blready
been pointed out; the result obtained was further divided by
two as seen below:

h.1.1 DObtoining 21kg of Glass for Batches
one, Three and Four

From the operation, the fpllowing reault obtained;

Sand 64.71  .29KQ

5.4kg Sand

0.2kg Felspar

il

Felspar 2.92 .21kg = 0.482 ¢+ 2
- 196.62

Dolomite 7.7 .21kg = 2.897 ¢+ 2 = 1,5kg Dolomite
126.62

Limegtone 0.89 ,21kg = O.148 ¢+ 2 = .1kg Limestone
126.62

Soda Ash _ 33.86 .2%p = 1.8% ¢+ 2 = 2,Bkg Soda Ash
126.62 - : IR

; Saltpeter 6,77 .21kg 14123 ¢ 2 = O0O.6kg Saltpeter

126.62

Plug O0.005kg of Arsenlous oxide, 0.005kg antimanium oxide

end Us2kg Cupprous axide (for the coloured glass batches).

4b.1.2 Dbtalning 21kg of Glass for Datch Two

Fram the same operation, the following result obtained

for batch two:



Quartz 63,93

125.85
Felspar 3023

120,

Onlomite 17. 49
1264

~ Limestone _ 4,16
. T 125.85

Soda Ash 34, 16
126, 8

Saltpeter 6,88
126, 85

» 21kg

.21kg

.21kg

121kg

I21kg

021kg

10584

0.550 L3

2,896 #
Up 192 #
5.655 ¢

10139 #

89

=" DBu3kg (Juartz

= 0Og3kg Felspar

= 1.5kg Dolomlite

e U, kg Limestone

= 2,8kg Soda Ash

= O.6kg Saltpeter

A —————

-10.6kg
=]

Plug 0.U05kg Arsenious oxide and 0,005kg Antimonium

oxicles

b3 Obtaining 21kg of Glass For Batches Five and Six

For the table ware leged cr

result emerged:

Sand  __56.85
111,08

Red Lead 29 68
111.08

Sacda Ash 3,42
111.08

Potash 14,60
111.08

Saltpeter 6.45
111+ 08

«21kg
.21kg
921kg

»2Kg

a21kn

- ok om o= =g =

- - -

yatal glass, the following

10,748 +
5u611 L

1,647 %

2:775 =

1 219 *

2 5.ﬁkg SEﬂd

= 2.0kg Red Lead

= 0,3kg Scda Ash

= J.4kg Pptash
= [Ousbikg Seltpeter

R R A N N
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Plug 0,004kg Arsenious oxide, U.,02kg HBoracle agcid

(H3EUJ), and 0. 2kg cupprous oxide (for the coloured

glass batch),

he2  Sgreen Analysis of Send, Quartz And
Crushing of Soda Ash And Saltpeter

It was pbserved that the Baure sand contained some
forelgn bodies like organic matter and broken pieces of glass.
In order to get rid of these unwanted materials, the sand was
sleved using British Standard Sieve (BSS) size 33, It is
however, important to note that the sand was obtained already

sieved and washed ready for use,

For the guartz obtained from Ceramic Section of Indugtrial

Pesign Department, BSS sizes 22 and 33 uere'uaed.

Soda ash and saltpeter which are hygroscopic were

crushed using pistol and mortar to reduce lumpy grains to tiny

particles.

he3  Weighing, Mixing Apnd Cherging

The various raw materials constituting the glass batches
for the two chambers were separately weighed in definite

proportions using scale pan (for raw materials required in
larger guantlties) end tripple-balance (for those needed in

amaller guantities)gnd separately mixed o The weight of the
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pan and the conteiner used on the tripple~balance uere

predetermined and taken into acomunt. The figures to the extreme

right under 4.1.1 to G4.1.3 represent the indlvidual Tew

material welight for the batches.

In ensuring a humugeneuus mixture nF the batches plled
in heapa, the “nnrning“ and the 'QUartering method of
mixing wea adnpted in which the two diagonal portlaone of the
.fuur divigions were brought together, thoroughly mixed and
reguartered. The two gther diagonale underwent similar
treatment, Finally, all the portlons yere brought® together.

and mixeds = ¢

For raw materials needed in smaller guantities such es
As,0,, S0 05, Hy BU3 and Cuy0, & preliminary mixing waes carriad
out with 1kg of sand and guertz as the cese may he, befure

the maip mixing was done,

The mixing uf the rau materiala was done uith plaatic e
trnual, and the same used in charging the “frit“ intn the
furnace chambers using cardbpard paper as funnele

The mixed ram materlals priur ta charging wera kapt
in two aeparate cuntainera and charged separately inta the

furnace chambers, one after the others The partition wall

determined tha level of the chaerges.



92

In preparing the batches, adequate préuentive measures
were adopted, especially in mixing, handling and charging so

as to reduce segregation. This was considered a necessary
preliminary step in hastening melting process, and in

promoting and sBustaining homogenelty.

In view of the inconclusliveness of results of enalyses
of portlons of batches es a means of determining their
relative homogenelty, it was thought best to be pesaimistic,
and to try to improve on mixing the bhatch and in handling ¢the

frit.

The charging operation was carrled out with utmost care

ta ensure that the batches or part aof them did nat enter the

wrong chamber,

After charging, pyrometrlc conee were arranged at the
doors of the chambers for tempereture determination. The doore
were covered with the rempveable covers, and the openings at

the door edyes were properly eesled up with the wet mixture of

kaulin and 88w dust prepsred,

b.h Opersting the Furnace

The furnace pperaticn wae carried out in three main
stagesa:
1¢ Heating up

2. Firing proper
3. Closing down.
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bole1 Heating Up The Furnace

The furnace was gradually heated up for the first
three hours, with the heating procedure slightly increased

after every hour, The essence of thls tempering was the
concern to allow for thermal expansion accompanying the
refractories, especially the sllica crown bricks having a

more coefflicient of expansion, (See Appendix G).

Scholes (ibid) explained that the usual practice of

preheating a new furnace is to have 1t done while empty or

to Ffill it completely or partially with cullet, depending on
the choice of the individuasl plante. Gunther (ibid) asserted
that the disadvantage of filling large tanks, especially
those for window glass with cullet before tempering is that
the floor of the tank remains cold long after the cullet must

have melted down, resulting in sudden increase in temperature,

The tempering process was carried oput essentially for
the first 600°C to sccommodeate the true expansion of the
three main crystalline forms of silica. The two main
temperature reglons requiring that speciel care be taken are:
200°¢ tg 270°C, where the low temperature to high temperature

crystobalite 4inversion tekes place, and 57305, where alpha

quartz expands to beta quartz. These cgrystalline modiflcation
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forms of silices at these bottom temperatures involve
considerable sudden expansion that could result in damage
when carried out too rapidly, After attalning the presumed
EDUOG, the rate of heating was increased considerably without
any detrimental effect, In'the absence of device for
determining the temperature rise, the only way the gradual

heating up was ensured was by mere slight increase in the

inflow of alr and fuel at hourly intervale

The expansion of the refractory bricks caused the
tie-rods to be progressively loosened, This was compensated

for by slackening thems

belbe2 Firing Proper

After hours of preheating, the temperature of the
furnace raised considerably as a result of increasing the gas

pressure and the rate of intake of fuel and alr through the

burner,

These increases in the varigbles manifested in flame
rising through the chimney to replace the smooky flame
noticed during the early stages of preheating period, an
indication of rise in temperature as well as a manifestation

of oxidizing atmospheree.



At hourly interval, the varisbles were increasingly
readjusted until it became apparent that the flame was at
its maximum when further adustment was halted,

Gince the gauge of the ges wea Feuliy, the pressure

o

adjustment was done arbitrarily, but steadily,

Combustion Control: Henson (1974) defined combustion
control me “burning the least quantity of fuel uifh tﬁe
legst anaunf aof air.na;eaaafy for cqmpleta cpmbustiun in
 tHe éuailahle ﬁnmﬁuatiuh.épace,“ Cumﬁlete ﬁﬁhbuatinn
demands the fuel and alr ta he bruught inte contect under

the right conditions and in the right proportions.

With the right proportiong of air and fuel meintained,
there remains the gueestlon of practical jiptermixing of the

two within the confines of a given combustion chambere .

In operation therefore, the "three Ts'"y viz time,

temperagture and tarbulence, bhave to be corregt for the

working fuels

These three requirements, teken into conjunction with
gath other, was =alwmed at glass furnace to produce long,

pencil-like flames of high temperature, giving maximum

radimtion from their whole lengthe.
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halta3 Closing Down The Furnace

At the end of esch melting operation, the firing was
drastically curtalled,‘and eventually stopped; gpenings were
closed up so that the whole furnace structure cooled down
slowlye This was a necessary preventive measure to avoid
sudden drop in temperature that could have resulted in the
refractories spalling as a result of the shrinkage
accampanying the conversion and inversion of the high
temperature modificationa to the low temperature forms at

the temperature regions earlier mentioneds The tie-rods

were agdjusted as the furnace cooled downg

4.5 Specific Melting Conditions

Different glesses are melted under verying melting
conditions as a means of achieving the end result, For this
reason, the different glass bstches were melted under the

specific melting conditions demanded by them,

The soda=lime-silica batches were meltied under an
oxidizing atmosphere, while compositions containing leed
oxide were melted under a strongly oxidizing atmosphere so

as to hinder chemlical reduction of the lead oxidee
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Coloured glasses are more complex in their demand
regarding melting conditions. For example, copper oxide
produces red glass under reducing condition, while under an
oxidizing condition, blue glass is obtained, hence the two
different glass batches were melted under this conditione
Under neutral condition, no colour will be obtained

(colourless glass will be produced),

Only a few of the glass oxides are insensitive to the
atmospheric conditions under which they are melted, An

exanple of such oxide is barium oxide (Ba0).

Batches containing salt-cake aneed a reducing
atmosphere, 1In the vicinity of the gless surface, unburnt
particles of fuel are necessary to inhibit the formation of
water galle In the melt itself, it is imperative to convert
sodium sulphate (NaZSDu) to the sulphide (Na2503) which

regcts quicker with 510, during glass melting process,

2

The gpecific melting conditions were effected in both
the furnace atmosphere as well as in the glass melt,
Gunther (ibid) stressed that for an oxidizing stmosphere to
exist, it is necessary that small amount of false air is

allowed into the furnaces This was ensured mainly through

the port and through other smaller openings llke axisted



between brick jolnts. However, he polnted out thet false

air has the diaaduantage of louering fhé temﬁératurﬁ attalned
in the furnace, Stlng-out fleme, a sign of positive pressure
Qéa used.tu prevent excessive "Falge" alr infiltration.
Further, that for oxidizing atmosphere to prevall, he
recommendgs the range of 1.0% to 1.15% eir/ges ratlo, depepding
on the fuel used, Larger proportlon of air will Ee réquired

for producer gaes that tend to.produce a reducing atmosphere,

Gunther (ibid) however maintained that there cam be ro
guestion of uniformity of furpace atmosphere, just as there
can be no uniform temperature distribution in a furnace

Bpace - local varietions always exlst.

5
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Plate A1: The Furnace, charged with both the Coloured
Glass Batch (left) and the Flint Glass Batch
(right), ready for Melting Test.

Plate *11: The Furnace Under gperatian.
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e

Plate XIII: Yellopw Flame produced within the First 6 hours

of Preheating, essentially under a Reducing
Atmosphere.
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Plate XIV:  Beginning of White-Yellpuwish Flame after 8 hours
of True Firing under an Oxidizing Atmosphere.
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Plate xV: Glare-White Flame produced after 15% hours of
True Firing under an Oxidizing Atmosphere.

ba6 First Experimental Test-Melting of Glass

With successive alteration of the air/gas ratio mixture
in an upward direction at hourly interval, the furnace
temperature was noticed to increase substantially. This
procedure was carried out unabatedly and white heat was
egtablished after 8 hours of firing, indicating that the

temperature of about 1300°C was attained,

Throughout the melting operation, the port served as an

ingpection hole for observing the melting process as well as

flame intensity. The glass could be seen bubbling in
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both chambers, From time to time, the samples of the two

melts were brought out with a gathering rod to observe '

progress in both melting and fining.

Two 50kg of LPG cylinders were connected, but they

were used in successlon.

A loss in pressure of the operating cylinder caused a
freezing effect in about 12 hours of firing, including the
preheating periocde The flame intensity began to reduce
noticeablye As a corrective measure, a hot plate was put on
under the operating cylinder to heat 1t upe No sooner than
later, the pressure rose instantaneously, with the flame
temperature returning to  normalcy almost at the same rate,
Positive pressure was maintained throughout the melting

process to keep rise in temperature.

At about 15 hours of firing, the level of the gas went

down to a very low level that the pressure again reduced

drastically, At this Juncture, the second cylinder was

switched on and the first one closed up.

4eba1 Result

Af ter about 23 hours of true firing, the blue coloured
glass in chanber one was completely melted and refined.s The

flint glass in chember two however did not melt properly as



The melting period, though within the 24 houre
duration was considered gs rather protracted, This could bhe

attributed to two factors; first, the furnace wes new, and

secondly, no cullet was included in the batches,

The inability of the flint glass to go into ébsulute
melt was due to the fact that guartz was used rather than
gand, and besides, 1t conteined larger gralins than the aand
uaéd for the blue gless. It will be recelled that sieve 22
was useds Because quartz is of higher purity, it actually
mugt requlre a highéf:melting temperéturelfhén an nrdinéry

sand as the impurities reduce the S5i0, content and aid in

2
_tﬁe melting.prnceas by forming temperature eutentiba. The
large difference in the viscoeities of the two glasses gues

t0 uphold this pssertion.

Cracks noticed 1n flint articles of CII aftef énnEaling
polnts to the different expansion c;efficient that existed
between the vitreous glass and the unmelted constituents,
This could have possibly cnhe as 8 reault.nf thélféct.thaf.
the ennealing temperature was below the upper annealing pnint
for the fiint glaes being a harder gless fhén thé biué giaas,

hence the stresses set up during forming process was not

relisved.
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unmelted constituents were gpparently visible, Fining of

course proceeded to completion,

Cones 04 (1020°C), 10 (1300°C), 11 (1320°C) and
12 (13SDUGJ were grranged on the base of the door of each
chamber. When the doors were opened for glass working,
conea O4 and 10 bent while cones 11 and 12 did not squat.
This indicates that the temperature sttained in both

chanbers was uniform (13DDDC). about.

During offhand working of the glass, the blue coloured
glass was discovered to be very soft and even proved
difficult to gather due to low viscositye The flint glass
on the other hend was rather stiff and difficult to gather

due to high viscositye

The good melt of chamber one was however adversely

affected by kaolin that found 1ts way Into the melt through

the chimney opening.

The glass articles produced from the two melts were

annealed in the annealing oven that was operated at a
temperature between 55D°B and BUUUC. When the articles were
eventually brought out the following day, sume of the flint

ones cracked while the blue ones did note
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The ummelted constituents observed gt the bottom of

some corners of both chambers during glass working must

have come about a8 a result of the fact that these corners

were shielded from the flame and also due to segregation

occuring during charglnge

Cracks developed on the backing insulation of the
furnace were continually mended with wet mixture of kaolin

and saw dust,

by 7 Second Experimental Test-Melting

Preventive measures were adopted to curtail some of

the problems encountered during the first test-melting.

Accordingly, batch one comppsition used in the first
testemelting wes revisited for the pair of batches of the
second melting test (guartz was discarded in favour of sand
for both batches), In addition, 15 per cent inplant cullet

was included in both batches,

Prior to charging, some of the cullet was introduced
at the corners of the two chambers to inhibit the problem

of unwanted umelted constituents in these areas of the tanke

As a first step, the chimney portion, especlially the

hole leading to the key-brick was cleaned free of loose
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particles of kaolin and saw dust to prevent them from

being introduced into the chamber,

Again, the furnace was taken up gradually for the
first three hours after which the true firing commenced.
The same procedure was adopted in the firing operation as in

the previous ones

he7«1 Result

After 14 hours of hard firing, white heat was
establishede Intensive convective agitation was seen going
gn in the two chenbers. Two hours later, batch-free time
was reached, characterized Ey absolute batch disappearance
and glass was properly refined, At about the eighteenth

hour of firing, the mirro glass was ready for workinge

When the two chambers were cpened for glass working,
it beceme evident that the temperature attained in both chambers
ranged between 1020°C to 1300°C as cones O4 and 10 bent.
Cones 11 and 12 again did not squat to indicate that the

temperature was below 1320°C  and 1350 respectively.

During working, the glass of both chembers waa found to
be very soft and of equal viscositye The long glass produced
enabled working with the doores of both chembers open for as
long as desired without becoming too stiff as to hinder the

smooth working process,
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The unmelted constituents, mainly kaolin, observed
in the product of chamber one were traceas from the previous
melte Their sparse distribution in the glass volume
conpared to the dense distribution of the first melt
testified to thls assertion. Obviously, it would take a
number of successive melting operations to completely rid

the chamber of these foreign bodiess

when the glass articles were annealed, none of them
cracked to show that they had the same chemical composition,
and hence the same annealing schedulege Again, this was
an indication that no differential coefficient of expansion

existed,

In terms of fuel consumption, the second melt was more
evonomical as the two 50kg gas cylinders were pot completely
exhausted during the whole melting and working operatione

In the first melting test, a third cylinder was used,

a8 Third Experimental Test-Melting

While the first two melting teste consisted of sode-
lime-silica batches, the third one was made up of tableuwsre

lead crystal glass batch compositlone

During the firing ovperationg, a atrongly ; oxidizing

atmosphere was maintained, This was cruciel to hinder
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chemical reduction of the lead oxide which formed a large
proportion of the batch to the metallic state which would

have resulted in producing a black glass.

4.8.1 Result
Being a low-melting glass, it started melting and

bubbling within the first eight hours of firing, and was

completely melted and plained after 14 houra of firing.

The same cone numpers like in the first two melting
tests bentes This denotes that the furpace temperature also
got to about 1300%. For squating temperature of cones and

temperature estimate by flame vision (see Appendix 1), Note

that all the colaoured products shaw dichroism.

Plate XVI(a): The Partially Melted Products of the First

Melting Test, wlth some Cracked Pieces
After Annealing.
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Plate xyi(pn): The uwell Melted 8lue Colpured Products, but
Adversely Contaminated with Fareign Bodies,
Mainly Kaolin.

Plate XVII(a): The Flint Products of the Second Test Melting,

Properly Melted, Refined and Homogenized after
Rectifying the Faults of the Flrst Test Melting.
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Plate AVIT(b): The Positive Effect of the Corrective
- Measures Adopted on the Coloured Products
of the Second Test Melting.

Plate xyIll: Some Products of the Third Melting Test.



Chapter 5

SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATIONS

5:1 Findings

During the course of the study, the following findings

emergeds

1. The two=chamber furnace was capable of asimultaneous
melting of both flint and coloured glass using a single
burner; it could melt both lead crystal and sada=lime-silica
glass. Except in the first experimental test-melting, both
palr of glasses in the two chambers in the three separate
firing operations melted at the same time, and on each
occasion, were found to have the same viscosity, surface
tension, and therefore could be shaped at the same operating
temperatures The inability of batch two in the first firing
operation to completely melt wes due to the high purity pf
quartz relative to the ordinary glass making sandy with the
former demanding a higher melting temperature. The glass
produced in both chambers were soft and very suitable for
hand production. Where a low-melting glass was used, it
became necessary to lower the melting temperature to the
working temperature to meke thg viscoalty suitable for

gathering and shapinge
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2. The furnace provided an ample working space for two
glass workers at a time, In the single compartment unit,

only one person could conveniently work without obstruction.

3. Judging from the gquality of the glass produced,
indications were that it was properly melted, refined and
homogenized as it was characterized by freedom from stones,
cords, strige and bubble. The unmelted constituents observed
were foreign in arigin, mainly from kaolin and not from the

melt itself,

b4, The furnace was found economical in terms of fuel

consumption and constructional materlials. This 1s particularly
sp since one burper was capable of simultanepusly firing the
21kg of glass of the two chambers, thereby effecting saving

in both time and material., &Since there was no device for
measuring fuel flow, it was difficult to quantify the exact
amount of fuel consumed, Thew average fuel consumption was
however roughly put at two 50kg gas cylinders to melt and work
soda-lime-silica glass, and one and a half for lead crystal
glass., The single-compartment unit which was capable of
melting 25kg of glass was also found tp consume the same amount
of fuel, UWith respect to constructional materisls, the furnace

was also economical as it was nelther regenerative nor

recuperative (for cost of materlals, refer tp Appendix J).
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The furnace therefore offered flexlbility and relative

economy of construction and operation for small guantities

of glass, particularly where frequent changes of colour and
compositions are considered desirable, It reduced drastically
the undue change-over time often demanded by single-melting
units which is wasteful, both in time and material, leading

to high cost of production.

Although the single compartment unit could melt 25kg of

glass (3kg higher than that of the two-chember unit), the short-
coming of the latter was attributed to the unsultable size of
the refractories. Given the right sizes of the refractory
bricka, especially the crown bricks, the capacity of the
two-chamber furnace could be doubled and yet cunadming the

same guantity of fuel. The original plan of the furnace was
designed to melt 50kg of glass (25kg per each chamber), but

this was unavoldably abandoned due to lack of refractory bricks

cutting machine at disposal. Wwith such a constructional design,

it would have been possible to melt twice the amount of glass
melted in the single compartment structure. Since one burner
was to be used in firing the two chambers, it means that the

fuel consumption would have remained the same,
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- The bending of the same cone numbers - cones Ob4 and 10

in each chamber in each of the melting operations carried

out was an indication of uniformity of temperature
distribution in both chanbers, and that the maximum

temperature attained was about 13UU°C.

6. The longitudinal method of firing ensured better and

more efficient utilization of the furnace space as more
surface area was made avallable for flame propagation,
This was further alded by adegquate and proper insulation which

helped to a great extent in conserving the heat generated,

g X Wwith the two=chamber construction, it was possible to
have a clear and easy view of the melt and melting conditiong
through the port without necessarily having to open the doors
which would have led to heat loss during the course of firing.
Through the seme opening (the port), glass could be brought

out for closer exanination of the degree of melting and fining

attained.

8. The reduced helght of the two=chamber furnace and the
strategic locatlon of the port made consistent with providing

only enough spece necessary for combustion in that the flame

was caonflned nearer the glass surface for qulcker heat
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tranaferes Suffice $to mention here that heat trensfer in a
tank furn%;e tékea plaﬁe almost entirely by radiation, aided
by convection currents set up in the melt, and fa a lesser
extent, by cunductian. This fact is attested to hy
Datschefaski (1975), Scholes (ibid), Gunther (ibld) and poyle
(ibid). Theuretiballj; the frown of the Furnace becomes
Heated by the flsme and returns the beat 8o produced to the
bgth by reflection, Thia explains uﬁv a tank Furnacé ls
termed Q "reﬁerﬁeratbfy furngce", carrying the idea of

reflection af heat from the crown upon the charge. The

reduced height of the furnace therefore satisfied this

fundamental prerequisite.

9. The provision of the chimney key~brick adjunct the -
L.~shaped brick ensured better control of astmospheric

cunditions prevailing in the furnace chagmbers ae this made

feasible proper regulatlan of the draughts

10. The nooke provided by the two-chamber tonstruction, |
B the lacation of ita port and the longltudipal flane made it
posgible for temperature determination by arranging |
| pyrametric conea. This sltuatlon had not been possible
with the urnaa-firihg of the slingle ﬁuﬁpértmént unit in

existence, where the cones would have lied directly in the

path of the flame aes to glve a False reading.
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De2 Shortcomings OF The Furnace

The findings of the two~chamber periodic tank furnace

will not be complete if its disadvantages are not mentiopned,

Included among these was the non~attainment of founding
temperature exceeding 1300°C, despite the fact that the
furnace was properly backed-up with insulation magterials,

The implication here was that hard borosilcate and

aluminosilicate glasses requiring higher melting temperatures
could not be melted, except where a means of stepping=up the
melting temperature was found, Ag evidenced with the first

test-melting, it became apparent that two widely varied glass
compositions could not undergo Simul taneous melting operation
without material cost and on the score of time factor,
Obviously, only pairs of glasses of the same or neer similar
compogitions, melting under the same atmospheric conditions

could be melted simultaneouslye

However, the reasons advanced for the non—attalnment
of higher melting temperature might not be much inherent in
the furnace itself, but rather, in the heat yield of the
combustion equipment used, the (.y, of the fuel and the

absence of device for prehesting incoming combustion alr

which would have ralsed submteantiamlly the memlting
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tamperatﬁre; The.uumUustiun equipment lacked mixing regulator
for approaching etoichiometric alir/fuel ratic for optimum
temperatﬁre attaimment, The manual adjustment of the fuel/

alr mixture could have heen Far fram being preclsae,

N The use of loose binding matefials Fﬁr insulation (wet
mixture of Keolln and saw duat) resulted in the intraduction
aof defecis in the.giaéé thruugﬁ the.ﬁhimney. This problem
can be remedied by appllication of stronger hinding material
at the joinits of insulatiun hficka; especially at the furpace
crown; better still, cqmpnaite gless fibre wool should bhe |
uaed 1n fhia.area.uf the furnace, especially around the
chimney. The use of strong b%nding materiala will also a=.|'s..si.31;.é
in reducing cases of cracks developing along juints du;ing

firing echedules,

5.3  Gonclusion

fﬁé ﬁfimary vhjective of the atuﬁy has been achieved =
that of slmultaneous dual melting of glass in tnelsamé“
furnace space using a common burner. From the aduantagaa
and the disadvantages of the furngee highlighfed abuue;.ltl
would be seen that the former ocutwelgh the latter, E_bﬁsia

on which the study could be Jjydged e glaring adduéaﬁ;: Thia .

is particularly eo when viewed againsi the Fact that the
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furnace was not accompanied by any marked problems that

cauld not be remedied, coupled with its portebiligy,

simplicity of construction, operation and partes replacemente

Sah Recommended Applications

Based on ite operational performance, the following

recomnendations are put forwards

-:1; _.The pruﬁq—tyhe two=chamber periodic tenk furnace 1s

| .réénm6éﬁﬁed a8 sultable for amdoption for simultaneous
dugl melting of both flint and coloured glasses
melting uﬁder egual atmospheric conditions, It is
hawever, noi recommended for melting hard borosilicate
“and alumiﬁ;silicaféa, unless @ machinery is set in
mqtiun, geared toyards achieving higher meltiﬁg.gg

temperatures than presently obtained. It is as well

recommended for the production of flashed glass.

2; . fhe fﬁ;naﬁe 1ﬁ.queafinn is Fnuﬁd very sultable for Ij“'
studio glaes practice in instituticns of higher |
.learning and for enterprising small-scale glass
practitioners/industrigllsts fnr the production of e

'uariety of glasa articles.
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In institutions of higher learnipng, such a furnace
design will maximize atudents.participatinn in studio glass

practice and hence their production capacity by providing

ample working space for the growing students enrolment,
especially in the area of science and technologye This will
also cope with the increased population under the course credit
system that encourages students' mobility, both within and

outside a department.

5.5 Recgmmended Areas For Improvements
And Mgdifications For Further Research
Undertakings

In order to optimize its performance, effort has been
geared towards identifying areas of deficiencies that deserve
impropvements and modifications to serve as a basis for future
research uﬁrk. The areas requiring improvements and
modifications are found to lie generally in the structure
itself, the non-inclusion of auxiliary component parts, the

combustion equipment and the fuel used,

It will be discovered that the recommendations for
further research are made based on the problems encountered
in the course of conducting the research, and also, on

projection of future trends as envisaged, Hence, the

followings are recommended;
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Experimentation with horse~shoe fleme firing with a
view to raising the founding temperature. This mode
of firing was contained in the original design, but
was abandoped due to lack of sultably sized

refractory bricks for the furnace lining, particularly

the crown bricks.

In order to catch up with the problems assoclated
with unsuitably-sized refractory bricks, it 1is
recomnended that an inténsiue independent research be
carried out on local refractory brick making so as to
de-emphasize reliance on importation of these 1ltems,
This, however, is going to be capital intensive that

it may not succeed without govermment fundinge

Making the two chambers fully separated, which will
allow for individusl flring and temperature controle

Also, thig design will make possible differential

melting conditions and wide variations in glass
compositions. Under thia dispensation, as many
chanbers as desired can be constructed, and as a
further step, a waste heat utilizing annealing lehr

can be included, This means that more than one coloured

glame cen undergo simulteanecus melting opermtion along
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with the flint glasse. To achieve thls objective, it

is recommended that crpss-firing be adopted to ensure

coefficient of coverage.

waste-heat recovering device be researched into as a
means of recycling part of the heat lost through the
flue gas for other useful purposes sugh as preheating
incoming combustion air or for annealing process as
mentioned under "3" above, This is in recognition of

the fact that not less than twenty-five percent of the

total heat generated 1nlthe furnaece is lost through the
waste gases, Due to the extended surface area of the
furnace walls, the heat lost through these arcas

ig by radiation and cunvectiony and can only be utilized
with great difficultys Apart from heating the factory
buildings during cold weathers, there 1s yet to be a
very ugeful way of utilizing the heat loss through the
walls of the furnace. In some plants, heat lost
through the crown of the furpace is uaea for providing
hot water in tubular cn?la, but not without the risks
of the tubes bresking as well as the cooling effect

upon the furnace crown if not installed at a reasonable

digtance.
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.

It ig recommended that a research be conducted in the
area of gae/liguid fuel burners to carter for the
requirements of varying slzes of the furnace deslgns.

On the score of its short, intense Flame, oll is a

favourite fuel for day tenk furnaces of thig nature.'.

Therefore, an intensive resesrch work in thig directlon

'ig consigered appropriate.

Fimally, in order to curb the pgthemdqf_fluntuatiun in
prices andll supply af f‘uels.hir.l”.N:iﬂg.l.;riahi.a.nd: the world
aver, it is recommended that dual fuel furnace designs
for firing both gas and 1iguid fuel, either |
aimulteneously or on an interruptible supply buagils ﬁe

brought forward.
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Some Tank Furnaeces for Contalner Glass A;tlc;ea

Openings for
Inserting Potettes

e w— e — o — —

DO

— N ——

Potettes

Figure 2.1 Schematic of the Potette Tank

-— e e e e tem e e e
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Figure 2.2

Bottle-Glass Tank with

Partition of working Zone by

Ring Floaters.
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SECTION A - B
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Figure 2.3/ Tank with Air-Cooled Partition Incorporating
the Character of Both Floater and Bridge.
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Constrictions

Figure 2.4: Constricted Tank for Haﬁa—wﬁEking.

Adapted from Gunther (1958) Glass-Melting
Tank Furnaces,
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APPENDIX B8
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Figure 2.53 gochematic Diagrams of Tank Furnaces for Sheet Glass
Manufacture: (c) with a comman tank; (d) with boats;
(a, b, e, Fy Q) yithout separation of tarks; (h, 1, D
with separated tanks.

Sources: Bulavin et al (1986) Heat processes in Glass and
gilicate Technology, and Gunther (1956) Glass Melting

Tank Furnaces.
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APPENDIX C
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Figure 2.6: GSchematic of the Hartford Unit Melter

Adapted from Sanuel R. Scholes (1974) Modern Glass Practice.



131

APPENDIX D
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Filgure 3.1:

WEIGHT IN PERCENTAGE

billica-Alumina Phase Diagram

Adapted and Modified from Chesters (1973),
Priginally from Bowen and Greig based on

more recent data of Muan.

TEMPERATURE oC
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Insulating Brick.

Figure 3.2: Sketchy Diagrams of the Refractory Bricks
uped in the Furnece Conetructlian,
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APPENDIX G

Table 3.1: Some Properties of Typical Refractories

Thermal Thermal Maximum Resistance

Conduction Expe Working to Sleg

Materials Main Constituents Be. Units | x 10 - 6 Temp. Acid Sasic

Semi-silica 88% mwom 1 15 1480 V.G V,.G.
Silica 96% mwcm 13 15 1650 V.G V.G.
Firebrick 3% bwmmu 10 6.5 1350 G G
Firebrick L2k nwmmu 9 5.5 1600 G G
sillimenite 5% Al,0, 11.5 beS 1500 & F.G
High =luminas 87% npmou 14 2 1550+ G FeG
Magnesite 89 MgO 24 13.5 1600 V.B V.G
Chrome Magnesite | 20% numau.rm& mMgQd 1z 13.5 1600 G G
Dolomite 55% Cal.37% MgO 1.5 - 1500 G F.G
Zircon 67% mamm.uu* mwcm 10 - 1850 F.G g
Carban 98% C 50 - 17400 G G
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APPENDIX G (Can

_ﬂ_.v

Thermal Thermal Maximum Resistance

Conduction Expe. working to Slag
Materiels Main Constituents Be Units | x 10 - 6 Tempe pcid Sasic
Silicon Cerbide 95% Sic 120 L.5 1600 G. FeGe
Fused alumina S5% nwmcu 30 k.5 1600 V.Ge F.G.
Fused zirconia 33% muum.mmﬁ pwmau 30 3.6 1650+ F:Ba Fa.Be
Refr, Ins. L2x% hwmmu 2.5 - 1400 G. 8.
Refr, Ins, 80% P.rmn_u 7 - 1800 B. G.
Ins. cancrete LO% npmmu 2.5 - 1300 G. Fe.G.
Plastic refr. 39 - 20% rwmmu 6 - 1300 Ge F«Ge

Ramming refr. 35 - B0% Al,05 6 - to to
Gunning refr, 30 - 50% rHNou 6 = 1800 Ge F.Ge
Fibrous refr. 50% nwmmu 1 - 1280 G. 2.

KEY:

V.G. = Very good,

“lmt = “NHH.HC Umn

Adapted from H, Kay (1977), Heat Compatible Materials In: "Industrisl Fuels,®
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APPENDIX H

Table 4e1: Theoretical Compositions of Glass-Making
Raw Materials Indicative of (Oxldes
Remgining in Glass After Melting Processes

Material Alternative Theoretical Oxides Fraction Reciprocal

Name Formula Supplied
Felspar Microline Al203,K00,6510p  Alp03 « 180 5.556
(K, Na)20 « 130 -
510, .680 -
Kkaolin China Clay 91203.25102.2H20 Alo03 . 395 2.57
8107 65 -
Antimany -- Sbp03 Sbp03 4. 000 1.000
Uxide
Arsenious uhite Rsol3 Agols 14 160 .BED
Oxide arsenic
Boric Acid HBoracic scid H3803. BoO3 «563 1.776
Limestone Calcium CaCOs Cal 560 1. 786
carbonate
b 0 6 4 580
(dolomitic) Mg 021 e
Red lead Minium PbzUy Pbl « 997 1. 024
Potaasium Saltpeter KNO 4 HED o 465 2. 151
nitrate
Potasalum Calcined KpGO3 Kol 681 1,469
carbonate carbonate of
potash
Sand guartz Glass sand 8109 Si0p 1. 000D 1,000
Soda ash Sodium NaolLO+ NapO 585 1,709
carbonate
Sodium Chile NaND+3 NagO « 365 2. 741
nitrate Sal tpeter

Extracted and sdapted from Sgmuel R, Scholes (1974) Madarn
Glass Practice.
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APPENDIX H (Con'd)

»

Table 4,2:; Felspar Compositicns (uweight Percent)

vample 1 e 3 b ) 6 7
5102 £6.8  68.7 43,2 68.5 0.1 6B.1 65.6
AL,D, 18.3  19.4 36,7 6.2 17.3  1B.3 20,3

L T L R 9.0 9.1 1.2 6.1
o R 3.0 3.1 2.9 5.7
Lal . = = 20,2 O 0,1 - 2.2
Fe0, . .= = ' = 007 004 0,08 0.04

Sampiéu1, flotash Felspar (microline, orthoclase); 2, sada
felspar (albitej; 2, lime felspar (anorthlte); &4, Maine Felspar;
5, North Carolina felspar; 6, North Carulina felspar; 7,

“=j*. Plagioclase-ptash felspar.

Note: Sanple 3 was used 1In the sode-lime-silica batch".f
compositions foar the melting tests.

Adepted from Samuel R, Scholes (1974) Modern Gless Practice,
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Table L.6: Temperature Equivalents of Pyrometric Cones

Cone Number Bending pt.°C
022 600
021 650
018 710
016 750
014 815
012 855
010 900

og L0
06 980
Ok 1020
02 1060
1A 1100
A 1140
5A 1180

Cone Number Bending Pt.°C
7 1230
9 1280
10 1300
11 1320
12 1350
13 1380
™ 1435
17 1480
19 1520

27 1610
32 1710
36 2 1790
40 1920
42 2000

Adapted from Green, David (1963) Understanding

Pottery Glazes,
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APPENDIX I (Con'd) '

Table 4.7: Conversion of Temperatures for (elcius,
Fabhrenhelit, and Kelvin

G = (oF = 32) % 5
g
% = O% - 273
0. '
F = OC x 9 4 32
5
2 - 9 (O - 273) + 32
5 »
%% = Oc + 273
[w] s}
K - 5 (°F - 32) 4 273

9 L

. adapted from Brodie, R. C. (1962)
- The Emergy Efficient Pptter, '



APPENDIX I (Con'd)

Table 4.B: Temperature Estimate by Flame Vislon

Starting-red heat =~ ~ 500°C + 400°C
Dark-red heat | - eo0’c 4+ 100°%
Gherry-red heat . - 700% & 100°C
Bright-red heat - - 8s5p°Cc 4 100°C

vellow-red heat 1000% 4 100°C

Starting-white red heet 11509¢ + 100°C

1650°¢,

Glare-white heat 13509¢

g

Adapted from Ezlke, Reymond Nnamdi (1990) Design and
Production of Pyrometric Canes in Nigeria, Using Locally
Sourced Aaw Materisis. = - ¢ : S .

o



APPENDIX J

Table 5.1: Cost of Materlals

Te

2.

3

5.

6.

9.

10.

1.

12,

13.

1h.

15.

16.

Stein 450 (Fix dense aluminous firebricks)
30ecm x 15cm x b.5cm

SGT 75 - 70 x 3504 Silics arch bricks

High-duty silica insulating bricks,
23cm x 11cm X B.5cm

Amberite insulating bricks,
23cm X 11cm x b6.5cm

Firetirick lnsulating bricks,
23cm X 11tcm x 6.5cm

75 - 70 x 350w large-size fire brick
insulating bricks

Compnsite glass fibre wool,
O4Dem x L6DCm

7.50m x 7.5cm Angle irons
5cm x 5cm Angle iron

kem x Lem Angle iron

Iron rods

fNuts

Metal sheet (0.2cm thick), 141cm x B6cm

Packets of welding electrodes
Hags of kaolin

HBags of saw dust

Total

50

30

LD

28

15

L

3

141

A3000.00

#220.00

~1500.00

41800.00

A8L0,00

A375.00

825,00
%1050.00
N360.00
¥150.00
120,00
N1L0,00
#150,00
A35.00
#750.00

#15.00

A76830.00




