
CASTEllO" (SPA' '' ) iB QUALI 2002

VARIABLES THAT DETERMINE THE MATT
APPEARANCE OF SOME CERAMIC FLOOR

AND WALL TILE GLAZES

E. Bou"', M.e. Bordes'", e. Feliu"', M .E Gaz ulla"',

E Ferrer"", G. Pasies'"'

,., lnstitu to de Tecnologia Ceramica (\TC)
Asociaci6n de Investigaci6n de las Industri as Cerami cas

Unive rsita t [aume I. Castellon . (Spain)

,.., Vern is, S.A. Cas te1l6n. (Spain )

ABSTRACT

TIle present stlldy 11'05 carried out as a resul t of the illcrease ill recen t years of ceramic tile
models u-ith a mat! suriaccfinis h a/llt the lack of information ill thr literature 011 gllces that yield
this [inish,

The stlldlf consisted of both a macroscopic 111ld microscopic chnmctcrisation of three glazes
that g ii»: rise to a mat: surt ao: ill tile production by fast ncicc-five, single-fire, and porcelain tile
nutnuincturing. processes. The glaze used ill fast noiccfirc correspollded to a calcium 1110 11. and tlu:
other two glazes to 11 barium matt.

The matt appeartl1lce of these glazes is due to tile surface roliglIlless tlley present , caused by
tilt' [ormation, during prillg. of crustallinc species, uollnstonitc lI/11t cristobalitc ill the case of the
calcium 111011 glaze and celsian (or barium orthoclnsc) ill the barilllll matt glazes. It 11'05 rcrificd
that these crustallinc species appear during heating, partly disso!i'illg at peak temperature and
fi.lnllilIg again during cooling.

The influence of different rariablcs (particle size alld p rillg cycle) a 'as deterlllilled 011 the
propcrtie» of the three glazes; it 11'115 obsCl'1'ed tluit the calcium 111011 glaze a'a s Ie'ss stll/J!e u-ith
regard to change» ill particle size alld peak fi ring tempcm ture than the barium nuiit glazes. Tile
increased fir illg tenuicmture ill the calcium ntait glaze encouraged the forniation of the double
silicate of zirconium and calcium, u-hich hinders the crvetnllisation of ioollastonitc and cristobalit«
dllrillg cooling, thus increusing gloss a/llt reducing opacity . This decrease il l opacity a 'IIS due to a
reduction ill tile qllalltity of the zircoll[oulid ill the glaze.
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1. INTR ODUCTION

CASTELLO;\; (SPAl:>!)

In recent years, the production of ceramic tile models with a matt finish has risen
considerably. However, few studies have add resse d the causes that produce these finishes
and the var iable s on which these causes depend. In general texts on ceram ic glazes [1·' 1

so me in formation was found on matt glazes but no specific studies on this type of glaze .

Ma tt glazes present a higher surface roughness than that found in glossy glazes 191.

This su rface rou ghness causes multip le reflections of incident light, reducing the amount
of light reflected in the specular direction and therefore producing a loss of gloss . The
quan tity o f light reflected depends, not only on the surface roughness but also on the
refra ctive ind ex of the material and angle of incident light.

No rma lly, surface roughness of the matt glazes is produced by the presen ce of
crys ta ls in the glaze, although it has not been verified whether the rou ghness is due to the
presence of crys tals near or on the surface, or to a rise in glaze viscosity in the mol ten sta te,
because of the presence of these crystal s, which hinder op timum surface stretching. It
should be taken into account that any glaze with very high viscosity, even without
crys ta ls, yields a matt surface due to the fact that it impedes adequate smoo thness of the
surface [9. 101. The crysta ls found in a matt glaze may come from:

a) add ition of raw ma teri als to the glaze composition, which remain und issolved in
the glassy phase formed during firing .

b) crystallisation, during firing of the glaze composition, of crystalline pha ses from
the glassy ma trix that forms during firin g.

The glaze compositions used for p roducing matt glazes in tile manufacturing are
gene rally mad e up of frits and other raw materials (alumina, quartz, felds pa r, etc), so that
the glaze appearance could be due to the presence of crys tals by the two cau ses mentioned
above.

Until a few yea rs ago, the most widely used matt glazes were the so-called calcium
ma tts an d zinc matts, which were characterised by being composed of frits, which during
tile firing devitrified wollastonite (CaSi0,l in the case of the calcium ma tt, and willemite
(ZnSiO) in the zinc matt. At present the use of 50-called barium matts in producing matt
glaze su rfaces has spread in glazed ceramic tile manufacture. These glazes are made up of
frits with a high BaO content, which accord ing to the literature surveyed II.J.;I, give rise to
celsian crysta llisation (BaAI,Sip) .

The industrial experience in the use of these glazes suggests that calcium matts are
less stable with regard to changes in particle size and firing cycle than the zinc and barium
mat t glazes.

3. OBJECTIVE AND SCOPE

The objec tive of the present study has been to acquire more knowled ge on the causes
of the appearance produced by the ma tt glazes currently used in manufactu ring, as well
as to determine the pri ncipal variables tha t influence thi s appearance .
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To carry ou t the study th ree glazes employed industrial ly were used , wh ich yield
matt g lazes in d ifferent tile manu facturing processes. One of the glazes was a calci um
matt and the other two bariu m matts. lt was thus attemp ted to establish the causes that
bring ab out the d ifierences in the behaviour of the tw o types of gla zes.

3. MAT ERIALS AI\'D EXPERII\lENTA L PROCED UR E

3.1.:--' IATERIALS

The study was carried out using th ree gla zes that produced matt g laze finis hes in
different tile manufacturing processes. The three glaze compositions are p rincipall y made
up of a frit, which by itself produces a matt glaze, w ith a differen t composition in each
case, and also of di fferent crysta lline raw materials (zircon, feld spar and nepheline). Th e
following gives a brief d escrip tion of each glaze:

• ER: gla ze composition used in fast tw ice-fire tile manufacturin g, mainly mad e up
of one frit (FER) w ith a high CaO content (calcium matt ).

• EP: glaze composition used in sing le-fire tile manufacturin g, mainly ma de up of
one frit (FEP) with a high Baa content (ba riu m m att ).

• EG: glaze composition emp loyed in glazed porcelain tile ma nufa cturing, mainly
ma de up of one frit (FEG) w ith a high Baa content (barium matt ).

3.2 GLAZE I'REI'ARATlO]\;

To carry out the glaz e characteri sat ion, suspensions were p repa red from the
mixtu res of raw materials correspondi ng to each glaze com position by milling the solids
with the amount of water needed to ob tain a 70% so lids content by weight in an alu mina
ball mill. Mill ing was carried out as long as needed to obta in a rejec t of approximately I ~~,

by weight on a -10 flm mesh screen.

The resulting glaze suspensions were applied to previously fired porous tile bod ies,
in the case of fast twice-fire an d single-fire glaze com posi tions , and in the case of the
porcelain gla ze composition, the suspensi on was applied to a green porcelain tile body.
For thi s, a layer of engobe was previously appl ied , which corre sponded in each case to the
type of glaz e composition (twice fire, s ingle fire and porcelain tile gla ze ). The applied
unfired glaze and engobe layer was abou t -100 fun thick.

The glaze d specimens were fired in an elect ric laborato ry kiln at a heating ra te of
25"C /min with a 6 minute dwell at peak tempera ture. Different pea k temperatures were
tested for each glaze composition: 1O..0"C (ER), 1I00"C (EP) and 1200"C (EG).

To determ ine the influence of particle size, m illing tim e of the referen ce glaze
composi tion was modified w ith a view to obtaining glaze compositions w ith a reject on a
..0 urn mesh screen of less th an 1 wt% and more than 3 wt%. Subsequentl y, the glazed
specimens we re prepared as set ou t abo ve.
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The influen ce of the firing cycle was determi ned by using the p repared glazed test
specime ns in the same way as those used to carry ou t glaze characte risa tion. For each type
of glaze compos ition, test specime ns were fired modifying peak fir ing temperatu re,
heating rate, cooling rate and resid enc e time at peak firing temperature.

3.3 DETERlvIlNATIO:'\S PERFORMED

Colour was d etermined of the d ifferent glazes obtained using a spectrophotometer,
performing the measurements accord ing to the C1 E Lab system, using a C light so urce and
C1E 2" observer. The parameters determined were:

- Chroma tic co-ordi nates: L* (L*=0 black, L*=100 white), a* (a*<Ogree n, a*>Ored ), b*
(b*<Oblue, b*>O ye llow).

- Whiten ess inde x, Ib, accord ing to HUNTER 60.

- Yellowness index, Ia, according to ASTM DI 925.

O f these par ameters only the ch roma tic co-ordina te L* is indi cated in the resu lts, as
this is related to glaze opacity. The higher the L* value, th e m ore opaque is the g laze .

Glaze surface gloss was de term ined on a spectrophotometer, measuring at an an gle
of 85", recomme nde d for measuring the specula r gloss of low glos s ma terials.

Glaze surface roughness was determ ined on a roughness meter with a pick-up
fitte d with a diamond tip of 90" cu rvat ure and 5 urn radi us . A topography was made of
eac h of the stud ied surfaces, cons ist ing of 100 profiles, 10 mm long with a 100 urn spacing
between eac h one, covering a surface of lOxlO mm. A 2.5 mm filter was used to calcula te
the pa rameters. From each of the p rofiles found, the parameter that best rep resented the
mean surface roughness was calcula ted. This parameter, called Ra, is the arithmetic mean
of the absolute val ues of the d istance of the points th at make u p a profile to an av erage
line.

The crystalline structures in the gla zes were identified by X-ray diffraction (XRD) of
a powdered glaze sa mple. To ob tain the glaze sa mple, cylindrical tes t specimens were
ma de from the glaze composition being tested by casting, and fired accord ing to the cycle
es tablished for each test. The fired test specime n underwen t milling in order to obta in the
powd ered glaze sa mple. The resulting diifractogram ena bled id entifying the
mineralogical species p resent by means of the JPDS files for pure crysta lline phases.

Obse rvation and analysis was carried out b y means of a scan n ing electron
microscope (SEM), connected to an ene rgy-d ispersive X-ray anal ysis (EDXA) instrument
on all the resulting fired glazes.

Beha viour of the glaze compositions with temperature in the sintering stage was
determined on a hot-stage microscope, using samples of the glaze powder prep ared by
milling and drying.
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-I. RESULTS

-1.1 GLAZE CHARACTERISATIO"

-~ QUALI

Glaze compositions ER, EP and EG yield matt wh ite g laz es (Table I), presenti ng a
h igher surface roughness tha n tha t usu ally found in glossy glazes (Ra be twee n 0.1 and
0.3 um ) 1-;.

Glue I .' G lo.., (~) R lI ( j.lm l

[R q,:o " 0 .'"

EP 'Jll h ,. '0--
EG 'Il1.1I 31 ,n

Th e res u lts of the iden tifica tion of the crysta lline phases found in the glazes are
ind icat ed in Table 2. Zi rco n appears in a ll three g lazes as it is ad ded as a ra w mate rial to
the th ree g laze com positions; the rema ini ng ph ases a re formed du ring firi ng . Barium
feldspar or celsi an (BaAI,Si,OJ and barium orthoclase ([K,Baj[Si ,A II,O J are two very
simila r species as regards their crysta lline str uc tu re, be lon ging to the o rthoclase part o f the
barium rep laced by pot assi um . Given their s imila ri ty, bo th types o f crysta ls w ill be
referred to hereinafter as cclsi an.

Glaze Identified crysta lline phases

ER Wolla stonite ICaSiO d. Zircon (ZrSiO,1 and Cristobaliic (SiO,)

lOP Celsian (BaAl ,Si ,O d. Barium Orthoclase i fK.Ba][Si.AI],O" and Zircon iZrSiO, 1

EG Cclsian (BaA!,S i,Od. Barium Orthoclase i lK.Ba][Si.l.I],O d and Zircon (ZrSiO,1

In g laze ER (Figure 1) the existence of a grea t qu anti ty of glassy phase can be
obse rved in which four ty pes of crystals are fou nd im mersed , corresponding to the th ree
crysta lline species identified:

• A: Approximately hexagonal-shaped,
verv dark crvstals. occasional lv
s u r~ounded b,' a crack, which
correspond to 'cristobalite that has
devitrifi ed d uring firing.

• B: Crvs ta ls of an intermediate co lour
wi th ' a ro d -like sha pe, w hich
cor respond to wollastonite that ha s
devitrified during firing.

• C: Very ligh t co loured crysta ls w ith an
irregula r shape, w h ich are ad ded
zircon.

• D: Very ligh t co lo u red ac icu lar
crys ta ls, co rrespond ing to d evit rified
zircon.

I' ( ,1 . 1:; :>
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The exis tence of two types of areas and tw o types of particles can be observe d in
glaze EP (Figure 2):

• 1: Area of glass without crys tals

• 2: Area with acicular celsian crystals (E) that devi trif ied during firing.

• F: Dark par ticles of ad de d nepheline.

• Ad ded zircon.

Fig/lre2. EP glaze slIrface 01 0WC).

Figure 3 sho ws a de tail of glaze EP where the glass, zircon particles and celsian
crystals can be clearly ob served . Figure 4 exhibits a cro ss section of thi s glaze w here so me
of the type F part icles can be observed to dissolve and react with the glass su rround ing
them, thus forming acicular crystals of a similar nature to th at o f the cels ian crysta ls
(possibly barium orthoclase). This seems to indicate that the presen ce of nepheline as a
raw material favours the forma tion of crystals tha t p rovide a matt glaze appearance.

Figure 3. Detail ofgla:e EP 11100'0. Figure 4. Cross section (~fgla:e EP (1100'"C).

In glaze EG (Figure 5) the existence of nu merous celsian laminar crys tals (E) can be
observed, which because of their large number, have left only small gaps be tween eac h
othe r, together wi th ver y littl e residual glass y ph ase. As occu rred in the previous cases,
ad de d zircon particles (C ) are fou nd in clusters in specific areas. Figure 6 shows a detail
of this glaze where bo th types of crystals can be seen mo re clearl y.

1'. GI- 3:4
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Figure 7 plo ts the results of the deter m inat ion of the be haviou r of the th ree tes ted
glaze com positions with temperatu re in the sintering stage . Glazes El' and EG exh ibit an
area w he re sh rinkage stops, d ue to the form ation and grow th of crysta lline phases that
form a skeleto n and finall y slow d own or stop the sintering p rocess [Ill . This area is no t
found in g laze ER, as was obse rve d in the micrographs, since the amou nt of crys ta lline
phases that d evitr ify is considerab ly sma ller.

With a view to d eterm in ing the role o f the Frits that make up a major part of these
glaze com pos itions, an XRD w as carried ou t on each of the three fr its, and no crysta lline
phase was fou nd . Subsequently, these Frits we re used to make ceram ic glazes, which
p resented a matt appea rance ow ing to the crystalline phases tha t devitrificd d uring firing,
and that were id entified by XRD (Table 3). Figu res 8 to 10 exhibit the m icro gra phs of the
three glazes prod uced w ith the Frits.

Glaze Identified crys talline phases

FER wollastonite <CaSiO,) and Cri stob alitc (SiO~ )

FEP Celsian IBaAI,5i,0 ,1. Barium orthoclase I[K.BaIl5i. Alj,O,1

FEG Ceb ian I8aAI ,5 i,O, I. Barium orthoclase I[K.BaIl5i.AI),0., I

Table 3. Cru-mtlinc "hl':'ot '~ idl'l1 t{.I1t'd 1 1~1 SRD ill the gJa:t':' nuuicfrom thetrits .
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Figure 9. FEPglaze sw/act'. Figure 10. FEG g111::C ~lIr/ilcc .

As can be observed, the devitrifying crystalline phases in the glazes made from the
frits coincide with the d evi trifying p hases in the glaz es produced from the glaze
compositions . Therefore, it can be sta ted that in thi s typ e of glazes, devit rification of the
crystalline phases in the frit contained in the gla ze composition is the pri ncip al cause of
the matt appea rance.

It can be concl ud ed from the tests ca rried out that the presence of a larger qua nt ity
of crysta ls (glaz es El' and EG) produces greater surface roughn ess, which yields more
matt g lazes (Table I). The frit contained in the glaze composition is the main cause of
dev itrification, during glaze firing , of the crystalline species that give rise to the matt
appearance, which are wollastonite and cris tobalite in the calcium matt and celsian in the
barium matts. However, it was also observed that in gla ze composition EP, celsian
format ion is encouraged by the addi tion of nepheline as a raw material in the glaze
composition.

4.2. .1i\:FLUEN CE OF PARTICLE SIZE

Table 4 se ts out the res ults
of the dete rminat ion of colour,
g loss and su rface roughness of
the glazes ob taine d from the
th ree test glaze compositio ns,
modifying particle size. As can
be obse rved, the decrease in
parti cle size of the three glaze
comp ositions reduces su rface
roughne ss an d increases gloss;
th is in crease is co nsi derab ly
more prono unced in glaze
co mposition ER th an in the
o the r two test co m positions .
Figures 11 to 13 show th e
microgra phs of th e res ul ting
g laze su rface on mod ifyi ng
glaze particle size.

Glu e Reject
t'

Gloss Ra
(0/. by weight) (%0) (~m)

0.1 92.2 83 OA

ER I 92.0 ~ ; o.s
3.5 92.3 ~O O.S

0.2 90.7 38 0.7

EP I 90.6 29 1.0

3.5 90.5 " 1.2-,
OJ 91.0 38 0.7

EG 1 90.8 31 1.0

3.5 ll1.3 26 1.0

Table-l. Variation {~f fIJI' »urfa cv properties ofgla:cs ER, EP al/d EG
01 1 II/odifying gla:e partie/t' size.

P,GI - ,1:56
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The micrographs sho vv that on reducing glaze particle size , the size of the devitrified
phases decrea ses; thi s decrease is highly pro nou nce d in glaze ER, in wh ich a marked
change in g loss can be observed . XRD confirmed tha t modifying the parti cle size did not
produce 'lny importa nt cha nge in the q uan tity of crysta lline species present.

1'. CI - J :'7
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The cha nges observed in glaze ER gloss are the refore d ue to a variat ion in the size
of the crys talline species. In glaze Ep, the increase in particle size is reflected in the increase
in glass area size and in crysta l clusters, producing a greater di fferen ce betwee n areas and,
therefore, grea ter roughness . Glaze EG, due to its ten dency to crys ta llise and absence of
glassy areas, is least sensi tive to the cha nge in pa rticle size .

4.3 IN FLUENC E OF THE FIR ING CYCL E

In order to determine the influ ence of the firing cycle the followi ng va riables were
modified : peak temperature, coo ling ra te, heating rate and res idence time at peak
tem pera ture . On obta ining the glazes it was observed that the firs t two va riables
prod uced a cons iderable variation in glaze gloss, so that only the resu lts corresponding to
those two va riab les are set out.

4.3.1 Peak temperature

Table 5 shows that raisin g peak firing temperature of glaze ER decreases surface
roug hness, increases gloss and reduces glaze opacity (decrease of chromatic co-ord inate
L*). The greatest change observed in glaze appearance is prod uced on raisin g firing
temperature from 1060 to 1080".

Temperature C'C) L* Glon(%.) Ra (lJm)

1000 92.6 29 1.3

IO~O n .ll .1 1 I.l

1040 92.0 47 n.ll

1060 91A 66 0 ./"

1080 SQ. I Q3 0.4

Tllhlt' 5. vcr iotion l~f colour, gloss /llitl surjacc (OIlS/lIIt'S;; of gta:e ER lI'ith firillg tcmpemt HYC.

Figure 14. Variatioll l~f the quall ti fy l~f cryMll ll i ll c species f(ll/Ild ill
glaze ER wi tl,p rillS temperature,

Th e crys talline p hases
fou nd in the glazes p roduced at
peak firing temperatu res of 1000
and 1080"C were determined ,
observed and ana lysed by SEM.
The XRD resu lts indicate that
increasing tem pe rature red uces
the quan tit y of crysta lline
ph ases present (cris to ba lite,
wo llas tonite and zircon) (Figure
14). O n the othe r hand, at the
peak temperature of 1080"C a
ne w spec ies appears, the d ouble
silica te of z irconiu m a nd
calcium (Ca,Z rSi,012)'

14oo

1200

looO

,
800

:
0: 600
><

4OO

2oo

0
980 1000 1020 1040 10611

Temperature (nC)

• Wolla<; tunill'

• Crtstobalue
• Zircon

cz-and Ca silicate

1080 ll oo
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lOOO°C l080°C

Fignre 15. SllI:tilCC of the gla: c:,,- t1b fiJilll' d () /I "ILld~~fi!Jg gla:e ER f iri!lg tcntpcrcturc.

In view of the res ults, it can be stated that the reduction in the amount of z irco n is
responsib le for the decrease in glaze opacity because of the d ifference of the refract ive
index between the zircon crystals (n=1.9") and the glassy phase (n=1.6), an d that,
furthe rmo re, the red uc tion in the quan tity of wollastonite and cristobali te seems to be
respons ible for the rise in gloss, s ince these crysta ls con tr ibu te less to opacity, as their
refractive ind ices are sim ilar to those in the g lassy phase .

The XRD results were verified on view ing the micrographs of the ER glaze
su rfaces produced at 1000 and 1080"C (Fig ure 15). At 1080"C alm ost all the wollaston ite
and cristobalite has d issolved, as also la rgely has the added zircon . Moreover, a new,
rod-shaped cry s ta lline phase has d evitri fied (type G species), corresponding to the Zr
and Ca d ou ble silicate.

For glaze Ep, the variation observed in gloss and opacity on in creasing firing
temperature (Table 6) is far less p ronounced than for the ER. At 1080 and 11..0"C the
crysta lline phases present were determined and observed by SEM. Figure 16 shows the
mi crog raphs of bo th glaze surfaces an d Fig ure 17 depicts the microgra phs of a cross
section of both glazes.

Tem per a tu re ("C) L* I Gloss (%0) Ra (u rn)

1080 90.9 I 2 1 1.6

1100 90.6 I 29 1.0

1120 89.4 34 1.0

1140 89.1 30 1.2

P GI - :;::>9
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l 080' C 1140°C

l 080°C 1140°C

At 1140"C a rise in the quant ity of glassy phase present and in the size of the
devitrified celsian crvstals can be observed at the surface. However, the XRD results d o
no t sh ow a consid~rable cha nge in the amou nt of crystalline spe cies w he n firing
temperature is increased from 1080 to 1140"C. This could be due to the fac t th at al tho ug h
an increased amou nt of glassy phase is found at the surface, obse rva tion of the cross
sec tion of these glaz es (Figure 17) indicates that , on ra ising temperature, the quantity of
crys tals rises. It can also be observe d in this figure that, on increasing firing temperature,
the nepheline particles dissolve and rea ct with the glass surrounding them, forming
celsian crysta ls.

Th e increase in roughness at 1140"C could be caused, as already indicat ed in secti on
4.2, by the existence of very different areas of glass and crystal clu sters. In contrast to what
occurred with glaze ER, in glaze EP there does not seem to be an im portant d issol ution of
the added zircon, so that in the tested ran ge of temperatures, the opaci ty of the se glazes
var ies less.

Table 7 se ts out the variation of glaze EC surface characteristics on modifying peak
firi ng temperatu re. The tested ran ge of temperatures was smaller than that cor res pond ing
to the o the r two glazes, since altho ugh a glaze was obtained at 1160"C, it did not present
a sui table texture, yield ing a glaze w ith red uce d gloss , and fu rthermore, the bod y used

P. C! - .i til
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cou ld not be subjected to temperatures over 1220"C since it deformed . In the range of
tem peratures in w hic h th e g laze present ed ad equa te smoothness (l180-1220"C), it ca n be
obse rved that opacity and g loss va ry ve ry little w ith firing tempera ture. O n subjecting th e
g lazes ob ta ined at 11 80 and 1220"C to XRD ana lysis, it was found tha t th e amount o f
crysta lline species p resen t hardly va ried w ith peak firing tem pera ture. On obse rvi ng th ese
same glazes by SENe the on ly cha nge p roduced on increasing the firing temperature W,lS

fo und to be an increase in s ize o f the crvs tals conta ine d.

T empera tu re ("C) L' G loss (%..) Ra ( ~I m)

1160 91. 5 "
e-- 1180 9 1.1 ~ l'i 10

12110 <10.x 'I 1.0

12':::0 <)0.1 29 0 -' )

1180 'C 1220 °C

For glaze compositions El' and EG .1 rise in the cry stal size is observed , associated
with a decrease in roughness an d increase in g loss, in contrast to w hat occurred \ \'h(,11

pa rticle s ize was modified . This coul d be due because in this case, increasi ng peak firing
temperature lowe rs g lassy phase viscos ity, p rod ucing better su rface stret chi ng , w hich
lead s to less su rface roughness, and hence g reater g loss.

The results obta ined in th is section indicate tha t g laze ER has the least stabi lity,
confirmed on an ind ust rial sca le, with rega rd to varia tions in peak firing tem perat ure .
because raising temperature inh ibits the forma tion o f crystall ine phases that produce the
mat t appearance .

4.3.2 Cooling rate

With a view to determini ng th e in fluence of the cool ing rate, g lazes ER, El' and EG
were subjected to air quenc hing, which co ns is ted of wi thdrawi ng the test specimens fro m
the kiln af te r the hold at peak te m perature. Th e resu lting g lazes presented the surface

I'. l, J - 3bl
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characteristics se t out in Tab le 8. The th ree glazes exhibited a rise in gloss a fter quenching,
rela ted to a slight decrease in surface roughn ess. On subjecting these new g lazes to XRD
an alysis, it was obse rved that the quan tity of devitrifying crys talline spe cies decreased in
spec imens obtaine d by quen ching (Tab le 9).

Glaze Cooling L* Gloss (%.) Ra (1-'01)

Quenching 92.0 65 0.5
ER

Standard 92.0 4 7 0. 8

Quen ching 90 .6 46 1.0
EP

Standard 90.6 29 1.0

Quench ing 9 1.2 4 7 0.9
EG

Standard 90.8 31 1.0

TaNe S. Vll r iaf;OIl of 'he -uvfacc propl'rti t'~ t~fgla: t'~ Etc. E1'nnd EG {I ll lI111d!t!/iIiS ti lt' cotllillS rate.

ER EP EG

CoolinI': Wo llas ton ite C r lstoba hte Cetstan Celsla n
(d=2.97 A) (d=4.114 A) (d =J.JJ A) (d=J .JJ A)

Quenching 262 ::..to 6..tO 70 S

Standard 380 206 WiD :-: 76

Table 9. Penk i//!l' lIsi ty (CO Il II I,,) (~f tire dcpit r ~~/ il/g specie" i ll gll1:(,,, ER, EP
mid EG lI(cordillS ttl typeof Cllo/i llg.

Figu res 19 to 21 show the micrographs of the glaze surfaces obtaine d by quenchi ng.
The qua n tity of crystals presen t is fou nd to be cons iderably less than that in the glazes
subjected to stand ard cooling (Figure 1, 2 and 5).

Th ese resu lts indicate that the crystalline species in the glazes form d uring heating,
partly d issolve at peak tem perature, and subsequently recrys tallise d uri ng cooling .

c V Spot loIagn Del WD 50 IIIfl
1? OkV4 6 50th< H5E 101 03 m8i1I HJ Q (1606

Fig /In>19. f.R g/a:e 5111:ti1( {' (1040"C-qIlCl/chi llg ).
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This phenomenon (sequence) explains why mod ify ing the heating rat e and dwelli ng
time a t peak temperature does not produce an im portant change in gla ze g loss, since it is
the cool ing ra te tha t act ually controls the amount of crystals fou nd in the g laze and hen ce
final g loss. O n the other ha nd, in the case o f g laze ER, peak firin g temperatu re is a lso
im portan t as h igh tempe ratures (lOSO"C l favour the form atio n of a crys ta lline species
(do uble s ilicate of z irco niu m and ca lciu m ) that inh ibit s crysta llisa tion during cooli ng of
wollastonite and cristobalite. which are species res ponsib le for the matt appea ra nce of
glaze ER.

5. CONCLUS IONS

The matt ap pearance of the studied g lazes is p rod uced by the formation, duri ng
firin g of crys ta lline spec ies wollastonite and cristobalite in the case of the calcium ma tt,
and ce lsi.m or barium orthoclase in the case of the bari um malts, which increase surface
roughness co m pared wi th that o f glossy glazes . The barium matt glazes studied, owing to
the la rge quantity of cr vs ta ls tha t form du rin g fir ing, y ie ld rougher surfaces with less gloss
tha n the ca lciu m malt g laze. It w as obse rved in the three studied g lazes tha t the main
cause of the fo rm ati on of crystalline spec ies is the frit used in preparing the glaze
com position. For the EP barium matt g laze, the presence of nepheline in the co m position
favo urs the fo rm at ion of celsian or barium ort hoclase.

The decrease in g laze particle size reduces the size of the crysta lline species that
fo rm during firing, redu cing surface roughness and ra ising gloss, this change being very
pronounced in the ca lciu m matt glaze.

For all three tested g lazes , a noticeable change was produced in g loss on mod ifvi ng
the coo ling ra te. This fact demonstrates that the crysta lline species found in the th ree
g"'zes form during hea ting, pa rtially dissolve a t peak fir ing tempera tu re and rccrystallise
du ring cooling.

Th e ca lciu m glaze malt is the only g"'ze that presen ts a co ns iderable va ria tion in
g loss whe n peak fir ing temperature is modi fied . High temperatu res (> IO-!O"C) encourage
the fo rmati on of a new crys ta lline species (double s ilicate of z irconiu m and calciu m)

[ ',( ;1- .10.1
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which inhibi ts the format ion of wollastonite and cris tobal ite d uring cooling, thu s
increasi ng gloss and reducing opacity, the latter caused by the reduction in the qua ntity
of zircon in the glaze.

On modifyin g the hold at peak temperature, no important cha nge is produced in the
gloss of the three glazes stud ied, since it is the coolin g rate that contro ls the qu an tity of
crystals present inside each glaze.
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