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ABSTRACT

Emission» are a u-idesprcad problcnt ill the [tit IIlakillS illdll,lry. Tiley lnu! 10 .til,ler
dctcr iorntion ,~f the equunnent, fi lial prodi«! qllalily problem», loss ,~f I'mI' ntntcriul« und are
ill(n'l1~illsly subject to enrironmcntat n'Sltl(ltioll~.

Tile role 'if bonm ill the s lass ,Imcillre and ii, importance ill ccrmuic Fil' i, ll'idelll
understood. ~Vlla l i, 1101S<'IIemll!1 kllOll'1I i, that tlu:cnrcful choice ofborntc ' 0111'«' mil , is " i/folllllll
affeci III, ' tlllIOlll1 I of particulate and rolat ill' ellli"ioll' COlli iliSF OIII tilefri I lIIakillS proce».

This papa trill detail ,Ollie ,~f lilt' cxpcnnicntnl rrsult« li'e har« [ound li'1I1'1I l"okillS at
emissions from thcfrii makillSprocess, irhat the I1lcdulIlisms aft', totiat the emisshms arc ( lHI1POscd
ofand 1I00l' their lcrel« call be reduced llIrolls Jla careful clioice of rml' material» .

INTRODUCTION

EMISSION CHARACTERISTICS

In th e frit p roduction process , gases conta in ing so lid particles are re leased int o the
at mosphe re. The particu lates invol ved, ir respec tive of their chem ica l compos ition, « 1111"

fro m so lid m a tter and / or th e condensa tio n of vo lati le com po und s. Ho wever, excep t fo r
the fusion ste p, em iss ions virtua lly oc cur a t am bient temperat ure, fo r w h ich gas clca ni ru;
is relat ively s im ple and has fo und Wides p rea d implementa tion in industry.

In g la ss prod uctio n p ro cesses, the m ost im po rtant so u rce of e mi ss io ns is
undou bted ly the melting furn ace, th is is true from bo th the q ua lita tive and the
q uan titati ve aspects . The h igh tem pera tu res of the exha ust gases (400-HOO"C ), w h ich a lso
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conta in condensed vo latiles and par tly fused material, w ill ma ke the application of an y
clean ing system more complicated .

Released gas cha racteristics also depe nd on the type of frit p roduced, raw materials
involved, ope ra ting mod e (conti nuous or batch ), fuel, fu rna ce design, etc. Particu la te
emissions wi th current p rod uction systems are of the order of 1-10 g /kg p roduced frit,
yield ing pa rticu late conce nt ra tions in furnace emiss ions rang ing from ISO to 1000
mg / m' IILi'I.

ENVIRONMENTAL ISS UES

A key issue is the potential for env ironmenta l impact from em issio ns and th e cos ts
enta iled in contro lling and clea ning flue gases.

Abatement of emiss ions from frit production may involve primary or preventi ve
measu res to prevent losses from arising, and / or second ary or corrective measu res to
remove pollutants from flue gases by suitable trea tm ent.

However, owing to the high parti cu late concentration in these gases, legal
requirement s on emission conce ntra tions cannot at present be met just by applying
prima ry measures. Meeting legal limits requ ires em ploy ing gas-cleaning systems.

The most wid ely used cleaning systems are bag filters. Their major ad van tages lie
in a high particul ate cleaning y ield (around 95%), the possibility of usin g va riously sized
u ni ts, and their proven pe rformance in ceramic frit prod uction. Their major di sad vantage
lies in not allowing the flue gas' residual hea t to be reused, as treatment temperatures of
150-200"C are need ed .

Trea tme nt costs and the investmen ts involved in pu tting in pla ce the necessary
clea ning sys tems for such emis sions dep end on the facility (type of p rod uct, combustion
system, clean ing sys te m, etc.) and the ta rgeted emission red uction. Wh en high cleaning
yield s a re called for, the cos ts involved in impleme nting and running cu rrently availab le
technologies tend to form qui te an important par t of product cost.

On a European level there is no specific legislat ion on ai r po llu tion for the ceram ics
and glass industry!". The Eu ropean Co mmission issues Directives sett ing ge ne ral cr ite ria,
which are sub sequently to be applied by each Member State in its nati onal legisla tion.
Moreover, each ind ividua l EU Mem ber State set s its own air emission lim its.

Thi s has led to the application of d ifferent emiss ion lim its amo ng member States
and some times even for different regions within a given State. Thus, for frit me lting
furnaces, the particle emiss ion limit for a compa ny located in Castellon is 150 mg / Nm',
for a company located in Em ilia Rom agna in Italy it is 30 mg / Nm' , whereas a co mpa ny
in Great Brita in is set a lim it of 100 mg / Nm'. Gene rally spea king, the particle em ission
limi t in the European Union can be cons idered to be at around 50 mg / m'.

Particle em ission lim its are typ ically exp ressed in terms of con centrations, altho ug h
there is a ten den cy, alread y app lied in certain memb er States, to also use emission facto rs

I l l. BL \ '>l. H, 1\. ct 01 1. Tmiamit'lI/o.!t' t' /lJ i.~ i(ll I ".~ ,\'f1~I ·( l:'il~ . t11111 ' lIl t '~ l lj l' l id().~ ,1/ n", jd ll l'''; "li1ido~ en !a inau ...t rio ccrdmica. Castello n (Espa na),
i\ ICE-ITC 19Y2

121. Ik -.; ..\ 'JI, C .; P,\ t \ 10" -' ~ I . c.; T I\ 1U .II \JI, C. Pil1:o/rclle ({'mll/iell!'{., mlll'it'lI f t '. Edlccr. Mod ena (Italia ), 1995.
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(quan tity released / unit prod uct ), or to express co nce nt rations at a given !lUI.' gas oxygen
content, to avoid the di lu ting effect that occ urs on ex press ing the val ue in concentrations .

O n the other hand, em ission limi ts may also be changed, and the tre nd in the
European Un ion is to im pleme nt ever stricte r lim its as new technolog ies surface, and
progressively harmon ise em ission requirements among EU Member States . This principle
has recently led to Direc tive 96 /61I CE on integral pollution prevention and control
(l PPC ), in which the BAT concept (Bes t Ava ilable Techniques) is in troduced. Future
discussions aimed a t defining the BAT for each industrial secto r a re bound to become of
ma jor im po rta nce .

PR O CESS AND/OR PRODUCT-R ELATED ISSUES

Besides environmenta l issues, othe r process and / or prod uct-re lated aspects a lso
need to be considered, such as :

• Deteri oration of fu rnace refractory materia ls and fl ues as a resu lt o f abrasion and
co rros ion by gases an d co ndensa tion.

• Inhomogeneity in th e product ca used by vaporisati on o r loss of ce rtain
co ns ti tuents in different a rea s of the fu rnace.

• The need to use g reate r qua nt ities of raw materials to compensate for fusion losses.

• Some processes are now looking in to clea ni ng and reus ing the flue gases in o rde r
to make use of their res idual energy / heat. The greater the p resence of pollutan ts
in these em issions, the more di fficult this operation will be .

• In ce rta in cases, aris ing pollu tants may ac t as a production-lim iting facto r in
o rder to keep emissions w ith in admissible limits.

• Health problems in the workplace as a consequence of pollutan t emiss ion inside
the faciliti es.

O RIG INS OF EM ISS IONS

WHAT ARE T HEY

For the pu rp ose of this paper, we have d ivided emiss ions in tw o ca tego ries:
pa rticul a tes and volatiles.

Pa rticu late emissions are those w hich occur duri ng the heating of the batch . As w ill
be ex p la ine d later, they are ge ne ra lly made u p of unmoltcn crystals emitted from the
batch raw mat er ials o r of g lass rnicrosphercs.

Whil e recognising that most of the vo latile losses will even tua lly cond ense into
so lids, we ha ve chosen to di s tin gui sh them from what we call parti culate losses. Vola tile
losses wi ll on ly seldom form so lid / liquid deposi ts inside the furnace an d will req uire
di ffe ren t techn iques tha n part icula te losses to eli mina te o r reduce.

Previou s SE:VI observation of emissio ns" have shown that a clear di stin ction can be
made bet ween the two emiss ion ty pes. Th is is bes t illu st ra ted in Figure 1, showi ng an
SE:Vl p icture of em iss ions coll ected fro m a fr it ba tch for sing le fas t fired tiles, w he re one

[41. \ 'Ic " un . \\'. .\ vn \, .\ -,, \R IH 1\\. 1'., " B,JI"I/I,' mtr mater ial- / t1r till ' cvrumic[ri t illdl ..~tr.II". <th European Ceramic Sl'l'id ~ con tcn-n co,
1447.
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can clearly see th e presen ce of th ree di stinct groups: spheres, coarse irregular mate rial
and a ve ry fine deposit. Semi-quantita tive analysis of these grou ps showed tha t the
sphe res were of glassy type, the coarse materia l wa s ma inly made of quartz, calcite and
dolomite and the submicron deposit wa s found to be rich in chlorine, sod iu m and
potassium indicatin g its orig ins as condensed vol atil e losses.

Cry st alline materia

Fign rc 1. Pnrticuktte t'", is:'oioll~ from a frit [1(/ tdI1/1 .;,ioll.

PARTICULATE EM ISSIONS

Volati le depos it

Glass mierosphere

The three ma jor ca uses for particu la te emissions are wate r vaporisat io n,
decrepitation and puffing. The heating rate of a frit batch is in practice very high as the
batch trave ls from a silo, or feede r, at room tem pe rature to the inside of a furnace (up to
1500°C ). For the borate raw materials, most of the water is los t in the firs t few hundred
d egrees of hea tin g, typica lly u p to 50(JOC (i.e, below the batch melting tem pe rat ure). All
the water is conv ert ed to steam which rises through the batch, ca rry ing the finer particles
in its flow. Once the particles have been swept clear of the surface o f the ba tch, the y are
ca rried by the comb us tio n gases out of the furnace. To set things in perspective, a batch
con taining 5'f" water wi ll release about 300 times its vol ume of steam su pe rhea ted at
1000°C (i.e. 1 ton ne of such a batch would release about 30 m' of su perheated steam).

When hea ted, some minerals wi ll become mo re porous and develop micropores and
fissu res interspe rsed throughout the ir crystal lattice. The ir therm al expa ns ion wi ll lead to
internal stresses in the ind ividual crysta ls caus ing them to fracture into sm all frag me nts,
thi s is ca lled decrepi tation!", The mo vements caused by decrepit ation will affect adjacent
compone nts, caus ing di spl acem ent of pa rticles lead ing to dust emiss ions from the batch
pile. The use of coarser products will enha nce the effec t of decrepitati on .

Puffing is also known as the "pop-corn" effect. It is the sudden expansion that
results from the dehydration of some products through heating. When heated, some
materia ls swell to form hollow spheres which can be substantially larger than the original
particles. This can happen at a set temperature, in which case the expansion w ill be ve ry
su dden and cause a lot of batch mo ve ment leading to dust em issions.

1, 1· 5" ,". 5."" 0 / " " , .:, L. G.. "Determination orcalcination1",m""' I,'" "r,,1.·x,I<' "".1 I" " . jbililu "j ~·I,,,,·,, ti,, ,, .Ii,,,,, '"" 1.."'"",1<'", lu t.
Sym p. \t iner. Process.. -lth. 1992 (An talya ), p. 53H-5-l ~ . 1442.
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Furnace gas flow can also have a significant effect on pa rticul ate losses, however
th is is more d ifficu lt to quantify as it wi ll depend on the shape and size of the gas fl ame
as we ll as on ho w it is d irected toward s the batch pile. The effect w ill chiefly be one of
mechanical eros ion I removal of prod uc t from the batch pile by strong turbulen t gas flow.

Ot he r causes for particulate emissions are:

• decomposition and evolution of gases such as water and CO;;
• chem ical reactions between components in the batch mix;

• dusti ness of the batch.

VO LATILE EMISS IONS

Volatile losses are the res ult of mass tran sfer of glass compo ne nts from the batch I
g lass melt to the fu rnace atmosphere. These occur in the follow ing wa y'":

• diffusional tra nsport in the glass phase towards the surface of the melt;
• vaporisation and I or reaction resulting in conversion of the constituents In

volat ile components;
• tra nsport of the gaseous component into the furnace atmosphere.

Combustion chamber

...~-- tl ames
p aO H

--~~ 2 NaOH

Boundary Ir H~O

laye r

Na~O + H~O

Glass melt

~=..:-.-_gase s

t p*NaOH\

figure 2. Illus tration of ,\'aO l l t-t1 111 t ili~ll ti{l/ ' 1'nl(l'~~ fro", Il :;:la~~ mclt :
p: 1l, 'CrtlSt' partial .'aptl ll r pn'~~ lIn' ill the[urnacr

I'~ : cqlJili/1rillm partial '.'llp l11lr Frt'~-:;llrt'llt ga::- I melt iu !t'r./ilCt·

The atmosphe re of an industria l furn ace is never satura ted with components evaporated
from the glass melt and the rate determining step for vaporisat ion can be the transport of the
chemicals from the glass melt surface to the convective gas flow. Higher gas velocities will
result in grea ter vapo risation rates, an increased fue l consumption will en hance vapor isation
but will decrease the amount of volatil ised matter per uni t of exhaust gas volume.

The vaporisation mechanism depends on:

• the glass composition;
• the gas flow rate along the glass su rface;
• the composition of the fu rn ace atmos phere;

16]. BU f/I'["' ''', R.G.C. "Dcno-it-: mid (lHI/ft '//:'lIli, lll from.t11U· SrJ"' t'~ ill S'a.... .; f, .nt 'l((,';". Konln kt l jkc Hibliotlux-k 22-23, J4~6.

171. BH RKF' '' , R G.C. .-\ '\ D K \lBAY ..' '- Ii J. H .. " \'(l !af l l i ' ll t ioll and vart iculatv fl'rmll li,HI ill g/ll~s [urnuce-", Procood ing-, 0 1 the -tth
In ternational Conference on A dvances in Fusio n and Processing of Class. p. 11 8, 144'1.
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• the temperature;
• the reaction of the glass compone nts wi th the components of the furn ace

atmosphere at the glass su rface.

Water conten t in the furnace atmosphere will be an im portant factor for alkali and
lead volat ilisation, in a number of cases, the diffusion rate of the compo nents through the
melt wi ll be a contro lling factor.

OBJECTIVE AND SCOPE OF THE WORK

In order to examine the above issu es, it was felt that a bett er understandi ng of the
emission-forming mechanism s in frit production was required.

A literatu re survev was conducted '<- UI which showed that few stud ies have been
published on the indi~idual behav iour of the d ifferent raw materi als in the fusion
process. It was therefore decided to:

• Develop an experimental set-up for a bench-scale study of the ten den cy of
individ ual raw materials to release pa rticles or vapours into the furnace
atmosphere d uri ng fusion;

• Use thi s set-up to study the behav iou r in the fus ion step of the main bora te
minerals employed in ceramic frit making and de termine how they affect the
characteristics of emissions from ceramic frit production .

MATERIALS AND EXPERIMENTAL TECHNIQUES

MATERIALS

An opaque and a transparent hit were stud ied, of the kind typically used for
manufacturing tiles by fast-firing schedules (30-50 min). The hit compositions were as follows:

Oxide Opaque Transparent
Al,O, 6.24 10 .48
8 ,0, 6.48 6 .56
CaO 9.01 8. 12
K,O 3.69 7.74
MgO 3.91 ') -0~ .)

Na,O 1.38 2.26
SiO, 51.76 57.27
ZnO 8.42 5.07
ZrO, 9. 11 -

7ilble 1. Frit com,'osititlllS (it, % lP!W).

It I. BlN ';CO, A.... I <11. Tratanucnto tit' t'mis iollt'~ Sfl :'I'OSl~. tiliU'llh's llill1idos y rr.;idl/ tlS"Ii/illos £'1I1a indUS/Tin ccrdmica. Castellon (Es pa na ),
AICE-ITC, 1992

121. B U5M\I, G.; P..\ 1.\ 10J'\AR I, c.; T J"-IEll .l :-":I , C . Piastrellecemmicue & alll bi('u/ t' . Ediccr. Mod en a {lta lia ), 1Y95.
131. T o\C!':EL<;. G. 1I11IlIs lrit' dw " a re et environement : hl(l{lItiml , controintee (,/ 0l 'por f l i ll itc!'. Vcrre, \'012, n'' 2. 10-2 1, 1996 .
181. BFf HKEJ'\S. R.C .C. Tht' roleof gases ill gla:<.s mc'ltillS processes. C las tcch . Bl'T. Glass Sci. Tech nol . 68, n" 12, 369-380 . 199 5.
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The raw ma teri als used were sod iu m feldspar, potassium carbonate, dolom ite, zinc
oxide, zirconiu m silicate, alumina and qua rtz. Hydroboraci te and colema nite were
compa red as borate so urces, the qu antities of the di fferent raw m aterials were adjus ted in
order to obta in th e required frit composition, this was due to the di fferen ces in chem ical
compos ition be tween the two berates.

EXPERIMENTAL TECHNIQUES

Particulate losses

The equipment cons ists of a 5 cm d iameter hori zo ntal elec tric tube furnace which is
set at the desired temperature. The fu rnace temperature is se t according to the type of
materia l tested, normally between 1050°C an d 1350°C. The filte r is protected from
melti ng by bleed ing cold ai r onto it. The filter holder is connec ted to a vacu u m pum p. The
rate of the pump is set so as to allow an air flow th rou gh the fu rnace which can carry the
particul ates withou t remo ving materi al from the combus tio n boat. Accordingly the air
flow was set a t 0.3-0.5 m s'. The combus tion boat is used to conta in 3g of fri t bat ch and
has dimension s 10 x 1 x 1 cm. With th e vacuum opera ting, the combustion boat is pla ced
in the fu rnace at temperature an d onl y rem oved once particulate em issions from the
batch ha ve ceased , abou t two minutes. The filter is weighed to determine the mass of
particula tes . The results are expressed as the ratio of product collected on the filter over
the amount of batch put in the com bus tio n boat. Thi s test is usu ally run in triplica te a nd
the av erag e of the th ree results is reported .

By remov ing the filter system from the end of the furna ce it is possible to record the
reaction / melt on video for visua l compa rison of the different batches.

Vac uum

a~ ,
l[ilter

Gas flow

I·
Batch

Furnace

The advantages and key poi nts of the equ ipment are:

• case of se t-u p and use;

• good observa tion of behaviou r;
• many ex perime nts performed rapidl y;
• the air speed over the boat can be accu rately se t;

• good reproducibil ity of the results;

• compa rison of different products or m ixes of compone nts are we ll illustra ted .

If the part iculates are collected in sufficient quantities, analysis of the solids can provide
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further insight into the melt process. The techniques employed to observe the solids can
include optical microscopy, scanning electron microscopy (SEM). laser particle sizing and x­
ray analysis.

Vola t ile losses

The equipment consis ts of a 5 cm diameter horizontal electric tube furnace which is
set at the desired temperature. The furn ace temperature is set accord ing to the type of
material tested, normally bet ween 1200°C and I500°C. The trapping sys tem is connected
to a vacuum pump whi ch is set at a ra te of about 2000 cm' / min. The combustion boat
contains 20 grams of batch and the firing sched ule used is the follow ing:

• the batch is introduced in the cold furnace;
• the furn ace is ramped up to peak temperature at a rate of lOoC/ min in order to

avoid particu late em issions;

• once at tem perature, the batch is left in the fu rnace for an extra 30 minutes;

• the comb ustion boat is rem oved from the furna ce and the system is left to run at
temperature for anothe r 30 minutes .

• the sys tem is rinsed and cleaned , the rinse water is kept for analysis;

• the system is reassem bled and run at temperatu re for another 30 minu tes, this is
done without a sample in orde r to get a blank;

• the sys tem is rinsed and cleaned a second time, the rinse water is kept for analysis;

• after chemical analysis, the results of the second rinse are added to those from the first.

5 · 10 kV so urce--- '

To ...
Flow met er

S intercd - ---1-1.
G1a:iS

PI Tub<

I
r-===:::::j[]:::=:= ...

Si lica Tubt:

From
Furnace

Dcioniscd

W ater

Cold w ater Jacket

figure 4. Diagram of tlteapparatus It~l'd 10 qlla " t~fy f'olatile (·111 ;...... ioll:'from md tillS batch

RESULTS AN D DISCUSSION

Volatile losses

The vo latile losses were measured at 1400°C. The results found were as follows :
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As :OJ F S <as SO, ) 8 ,0, Na10 K,O S i O: CaO ZoO C I

Tra n c p are n t Colemani te 0 . 15 (1.1 S 0 .69 7 .2N 0 .73 5 .9 3 (J.(1I (J.() I 0 .00 (J.( I ~

Hydr o bo raci tc 0 .0 3 0 .0 ) o . O~ ~ . 66 (>.51 ~ . O 5 0 .00 0 .00 0 .00 0 .2 7

O p a que Co lernani te 0 .2 1 0 .21/ 1.26 5 .9.' 0 .6 ] ~ . 09 (J.( ) I n .1I 2 0 .00 (J.( I ~

Hydm boruci tc 0 .0 ] o .O~ o.OS 5 .66 0 .6 2 .~ . 5 1 0 .0 0 0 .0 0 (J.( I I o. I I

T able 2. Volatile IO:'St':C; (ill ms per S (lffrit).

Zi rcon and ma gnesium we re also ana lysed for and fou nd to be below the de tect ion
lim it of our ap pa ra tus .

From Table 2, one can see th a t using colernanite leads to the highest a rse nic, fl uorine
and su lphur losses. This is a refl ection of the high levels of these compone nts in tha t
borate m ine ral.

Wh en com pa red w ith the frit compositio ns, one can easily see that the volat ility of
po tassi um is greate r tha n th at of sod iu m. It al so seems that usi ng colernanite will cause
sligh tly h igher boron, sodiu m and potass iu m los ses than using hyd rob or acite. The
reasons for th is are unclear. It is a lread v well kn own tha t be rates w ill combine w ith a lka lis
when vo lat ilising, for m ing NaBO, or k BO, instead of HBO,. Some calcu lations from the
results in Tabl e 2 sho w th at abou t half (in moles) of the borate vol at ilises as KBO, and the
ot her ha lf as HBO,.

The h igher ch lor ine losses obta ine d w he n u sin g hydrobor acite are d ue to its sligh tly
higher chlorine co ntent. As can be seen here, no significant amou nt of silica, ca lciu m or
zinc is los t through vola tilisa tion and the sa me can be said for zircon and magn esiu m .

Particulate losses

The particu late losses we re determined wi th a fu rnace setting at 1300°C. The res ults
fou nd for the particu late losses were as follows:

Result
Tra ns p aren t Col em anite 0.07

Hydroboracite om
O paque Colernanit e 0.0-1

Hycro boracite 0.D2

"[j,b/t' 3. Par tit 'u illft' 1(l~N's ( ~~ , collected / samplc) .

The resu lts found are fairly low but still show di stinctlv tha t the use of co leman itc
will lead to a grea ter a mou nt of pa rticula te losses than the use of hy d robo racite. This is
d ue to cole rnanite's ten dency to decrepitate upon heating. As hydroboracite does not
decrepitate, it' s presence will no t lead to the same amount of ba tch movemen t as tha t of
colema nitc.

At these low levels, it co uld also be comm ented tha t a sig nifica nt fraction of w hat is
being collected on the filters is in reali ty condensed volatile losses and no t particu lat e
losses as suc h. For this purpose a chem ical ana lys is has been done of filte rs wi th collected
materi a l on them .

The sam ples p resen ted on g las s fibre filte rs had a tot al wei ght of about 0.2 g ra ms
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(sample + filter ) and were fused in 2 grams of lithi um metaborate. The fused samples
were the n leached in d ilute nitric acid and ana lvsed bv ICP. Lithium metaborate has a
53.Sr" B20 , content which means that the B,O, brough tin by the sample and the filter is
likely to represe n t less than 1%of the total B,O, in the fuse d product. The refo re it was no t
possib le to de ter mine boron in the dust emiss ions.

Note: the resu lts for CaO, SiO, and ZnO given in Table 4 may be inaccurate since the
samples were presented on glass fibre filter s which gave appreciable blank values.

CaO MgO Si02 ZnO Zr02

Transparent Co lemanite 16.2 3.5 54 .6 6.5 nld

Hydroboracite 15.4 4.5 39 .2 6.0 nld

Opane Colemani te 15.5 5.8 38 .6 7.0 9.5

Hyuoboracite 15.5 6.0 37.7 5.5 8.2

When comparing these results with the on es obtained with the volatile losses, it is
easy to see that all the calcium, magnesium, silica, zinc and zirconium can only have com e
ou t in the form of particul ate losses. The data in Table 4 also shows us tha t at least 70% of
wha t has been collected on the filte rs resu lts from par ticu late losses. Co nsidering the
uncer tainty on some of the va lues, it appears that the com position of the pa rticu late losses
is fairly constant, richer in calcium and poorer in silica than the origina l frit composition
(see Table 1). The levels of magnesium, zinc and zirconium appear to be similar to those
of the frit composi tion.

CO NCLUSION

Two pieces of laboratory equi pment have bee n deve loped to study the beh aviour of
the batch d u ring the fusion process by looking at the issue of emissions. O ne of these has
been specifically designed to measure volatile emissions whi le the other allows us to
collect and qu anti fy the par ticul ate losses.

This equip ment ha s been used to compa re the effect of two bora tes (hy d roboracite
and colema nite ) commo nlv used in the frit industry, on thes e emissions . It has been
es tablished that berates can lead to qu antitative and qu alitat ive di fferences of both
volatile and particu late emissions d uring the fusion process.

If th is factor is taken into considerat ion whe n choos ing a raw material benef its w ill
include increased furnace life, improved frit qua lity and reduced emissions o f elements
into the env ironment.
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